B.Se. CHEMISTRY ALLIED

I YEAR -1 SEMESTER
COURSE CODE: 7BCHAI

ALLIED COURSE - 1 - GENERAL CHEMISTRY -1

Unit 1 States of matter - | ‘

1.1.Gaseous state: Postulates of kinetic theory of gases — derivation of expression for
pressure of gas on the basis of kinetic theory — deducing the basic gas laws.

1.2.1deal and real gases. Deviation of real gases from ideal behaviour — reasons for
deviation. Derivation of Vander Waals gas equation. Law of corresponding state — reduced
equation of state and its significances. :

I.3.Average, RMS and most probable velocities (equations only — no derivation).
Calculating the above velocities.

Unit 11 States of matter - 11

1.1.Liquid state: comparison gaseous and liquid states. Surface tension — viscosity —
Trouton’s rule and 1ts significances.

1.2.Solid state: types of solids. Crystals. crystallographic systems. Conductors,
insulators and semiconductors. Intrinsic and extrinsic semiconductors.

1.3.Colloidal state. Definition. classifications and examples for hydrophilic and
hydrophobic sols. Differences between them. Emulsions, classification and Bancraft’s rule.
Applications of colloids.

Unit 111 Thermodynamics
1.1.Energetics: LEnergy — various forms of energy — internal energy - first law of
thermodynamics and its mathematical derivation — enthalpy: Definition — Molar heat capacity
at constant volume and constant pressure — relationship between Cp and Cv — Hess’s law -
applications of Hess’s law.
1.2.Second law of thermodynamics in different forms — Distinction between
reversible and irreversible processes — thermo dynamical criteria for reversible and
irreversible processes — entropy - physical significances of entropy - Derivation of
Helmholtz free energy change and Gibbs [ree energy change.

Unit IV Surface processes and Kinetics

4.1.Adsorption: Definitions of adsorbate. adsorbent and interface. Distinction
between physisorption and chemisorptions. Adsorption of gases on solids — Freundlich
isotherm. Surfactants definition with examples. Applications of adsorptions.

4.2.Distribution law: distribution law and distribution constant. Applications of
distribution law. Distribution ol a component between two immiscible solvents and Solvent
extraction,

4.3.Chemical Kinetics: rate and rate constant of a chemical reaction. Order and
molecularity of reaction. Factors deciding the rate of a reaction. Fi
Half life of a reaction. ‘

. 4.4.Catalysis : Homogeneous and heterogeneous catalysis — promoters and catalytic

poisons ~ autocatalysis — Acid-base catalysis — Enzyme catalysis. : ' ‘

rst order rate equation.
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Unit V X Periodic table:
and Chczl; :czi\ll (:::)ﬂl;:‘l!)‘g.t‘igtllic Im illi'ld periodic arrangement <>l'clc:11crllf$. Variation physical'
elfect. properties. Classification - elements as metals. non-metals and metals. Inert pair

5.2. Hydrogen- Position of Hydrogen i
alkali metals — Resemblance with the Halogens - [sotopes of Hydrogen— Heavy Hydrogen —
Ortho and Para Hydrogen — Differences between Ortho and Para Hydrogen

5.3.Hydrides — Definition - classification — preparation and properties of lithium
aluminium hydride and sodium borohydride.

5.4.0xides — Definition - Classification of oxi

suitable examples .

1 the Periodic Table - Resemblance with

des based on their oxygen content with

Books for Reference: )
1. Advanced Physical Chemistry _Puri. Sharma & Pathania.

2. Text book of Inorganic Chemistry —PL.Soni.
3. Advanced Inorganic Chemistry — SathyaPrakash.
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\f'\ UNIT -1
A - Hydrogen
Position of Hydrogen in the periodic table
'Hydrogen is the simplest element. It is placed in the I group of
the periodic table. Its atomic number is one.

Hydrogen is having similarity with I group elements as well

as V11 group elements.

L

Reasons for placing Hydrogen in I group [Alkali metals] of the
- periodic table

Hydrogen exhibits similarity w1th I group alkali metals with
several respects o
1. Electromc Configuratlon

Hydrogen is ha\nng only one electron in the outer most Ol'blt

snmlarly alkali metals are also having only one electron in its outer

most orbit. T _
H. Li , Na K
1 | 2’1 . ‘ 2’8’1. 2,8,8,1

2. Electropositive Character.
Hydrogen as well as alkah metals e‘{hlblt an electroposnwe‘
character in the outer most orbit to form umposmve ion.
H, Li', Na', K
3. Valency v ‘

Hydrogen as wcll as alkali metals are monovalent



4. Formation of Cations
Halides of both hydrogen and th Li*, Na*

" 1 2 a

dissolved in water, gjvc rise to the pOSIthe ions H+ etC

During electroly51s of these solutions both
go to the cathode '

5. Affinity for Electronegative elements

Hydrogen forms oxides and halides with electronegative

“elements like oxygen and halogen similar that of alkali metals. |

Hzo N&go ’ KZO
HCI NaCl . KCl

6. Reducing agent

Hydrogen is a good reduclng agent similar that of alkall

metals. Because of the above similarity hydrogen is placed in the I , ;

group of the periodic table along vnth_alkah metals.
Reasons for placing H; ydhgel: in the VII group of periodic table
- Hydrogen also exhibil similarity Witl_'l halogens |
1. Atomicity | |
Hydrogen is a diatomic molecule like halogens
. H, Fy Cl, 13][»2 12 k4

2. Non—metalhc character

-Hydrogen is a non—metalhc element like halogens Hydrogen b

- isa gas like halogens.

Electromc Conﬁguratlon

Both hydrogen and the halogens contain electrons in their

outermost shell one less than the maximum number that can be B

5

hydrogen and alkali meta]g i

e alkali metals, when |

Ty




accommodated there. Thus both of them behave as monovalent

electronegative elements in the formation of compounds by gaining

one electron.

- 4. Hydrides and Halides

On electrolysis of fused lithium hydride hydrogen is liberated

at the anode just as chlorine 1s liberated at the anode during the
electrolysis of fused sodium chloride.

S.. Formation of similar covalent compounds.

Both hydro_gen and halogens react with carbon, silicon to form

compounds

CH, fispee CCly .
\ Methane .Carbon tetrachloride

SiHy: TR - SiCly.
6. Replacement of hydrogen by halogeh '
_Hydrogen can be replaced by halogens which indicates that
the similar nature of hydrogen and halogens. .

{WMPES of hydrogen A F

Atoms of the same element with the same atomic number but
different mass numbers are called isotopes. The number of elements
accurs as ‘isotopic mixtures. Hydrogen has'three isotopes. Usually the
lsmopes of an element ‘bear the name of the element. Since the
isotopes of hydrogen are a551gned separate names they d1ffe1

appreciably in their masses.




Protium ( 1p) * Deuterium ( Ip, In) Tritium (1p, 2n)
These three isotopic forms contain the ‘same' number of
proton, and 'electroes. They differ ~ only in the number of neutrons_
1. Protium  H'

This is the most common form of hydrogen. It is ordinaly

hydrogen and is denoted by the H. Its atomic mass is 1.008123. It

consists of ong proton in its nucleus and one electron 'revolving around
it. It constitutes 99.98% of total hydrogen available in nature.
2. Deuterium -1le or D? | att

- ’Thié‘-isotope is also called ﬁeavy.hydrogen and is denoted hby
D. It consists of one proton and one neutron in the nﬁ_e]eus_ with one
electron revolving around. i Its atomic mass is 2.0142 and it is present
in hydrogen gas to the extent of one part per 6900 parts. Its chemical
properties are similar 'tO‘-tl.lOSC of protium  but the rate of reactions are
- different. The reactlon is more slow and less complete than hydrogen.
.. Heavy hydrogen is prepared from heavy water. It is also

= separated from the mlxture of protium and deuterium.
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3. Tritium (8 or T° .
' It is an isotope Of hydrogen with mass 3. It is denoted by T. Its
nucleus contains one proton and - two neutron with one electron
revolving around the nucleus. It 18 found in n?ture very small amount
-and in ordinary water it exists 7 i)arts iﬁ 10", 1t atomic mass is 3.0151.
it is very difficult to separate from ordinary hydrogen. It is
radioactive with half Jlife period of 12.4 Yegrs.. It is very useful tracer
* element in chemistry. It is used in nuclear fusion reactions to produce
hydrogen bombs. It is also used . thermo-nuclear process.

Tritium is normally prepared by ‘the following nuclear
" reactions. ' . . |
1). By bomb‘arding deuterium containing compoﬁhdé such as D;POy
~ ND4Cl etc., o _ |

p o+ 0 = T £ H

| Deuterium Deuterium Tritium Hydrogen

2). By deuteron bombardment of beryllium

B’ + lDz( EFCEINRY L Be’

Beryllium Deuterium Tritium

3). By rieutron bbmbardment'()f boron and nitrogen -

B! + o (B B+ T

Boron - “neutron

Nt o [N o e F (T?

Nitrogen < ¥ | C’EQ/ TS
. | | 6
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4). By slow neutron bombardment of lithjum
5L + o' = [He'] + 3
As the atomic number of ‘three isotopes of hydrogen is the
same (equal to 1 ), they  have similar chemical properties. The

difference in rate of reaction is due to the difference in the masseg of

the isotopes.

Isotopes of hydrogen -
| Property Protium | Deuterium Tritium
1. Symbol - H D T
2. Atomic number 1 | 1 1
3. Atomic mass 1.00799 2.0147 | 3.0170
4. Molecular formula H, D, Ty
5. Number of electrons | 1 1 1
6. Number of protons 1 ' 1 1
7. Number of neutrons | Q 1 2
8. Relative abundance | 9998 0.0156 1part in 10¥ parts
9. Stability Stable Stable | Radio active
_—
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Heavy hydrogen

Preparation of Heavy hydrogen
1.Fractional Distillation method

The boﬂmg pomt of ordinzry J:;. ércg:..- is 2038K znd that of

" hydrogen present is obtained.

2.Gaseous. diffusion method.

. This method is based on the difference n the relzlve =S e=s of
diffusion of the two isotopes, protium and deuterium. Since prodms
IS hghter it diffuses more readily than deuteriom. Hertz sepersi=d
deuterium using this method .The apparatus used this process consists
of a number of porous diffusion umits called Hertz diffuston uxts.
The mixture of the two isotopes is allowed to pass mio the diffrszon

umts under reduced pressure from left to right. The highter isotope

name\y, protium diffuses faster and its proportion MCTeases oo the

78

right side. The heavier isotope, deuterium is le ft behind ==d

i

collected into the reservoir placed on the left side. The process

-repeated for a number of times to get purc deuterium.




3. From Heavy water T
| When water containing alkali 1s electrolyzed, molecules of

e lighter isotopes arc preferentlally decomposeq

water containlng th | .
is heavy water is obtained in very

and hence by repeated ‘electrolys
small quantities. G.N. Lewis electrolyzed
of water remained. This contained about 66% h
deuterium may be prepared by decomposing heavy Water with

20 litre of water until 1.5 m]

eavy water. Gaseous

sodium, red hot iron or tungsten or by electrolysis of solution of

‘anhydrous sodium carbonate in heavy water.

Electrolysis

2D,0 ; - 2D, + O
Heavy water ’ | Deuterium ( at cathode) - (at anode)
2D,0 + 2Na - INaOD ' + D,

Sqdinm deuteroxide.

4. By adsorption on charcoal.

-This method is based on the fact that hydrogen(‘protium)'i's .

adsorbed ‘more readlly and strongly on finely divided solid surfaces
than deuterium. When hydrogen gas containing the two isotopes is
. passed over coconut charcoal kept at liquid air temperature for a few
| hours the lighter isotope gets adsorbed while most of the deitterium
-passes out unadsorbed This process is repeated ti]] the fraction
enriched in deutenum is obtained, From this fractlon deuterlum is

I "recovcred by the dlfoSlOl‘l process

o | . :




5. Chemical method

It is possible to achieve partial separation of deuterium from
hydrogen because the lighter hydrogen is more reactive than heavier
deuterium. For example, when hydrogen gas is passed over red-hot

copper oxide when the lighter hydrogen reacts more readily than the
_heavy deuterium in the following reaction

CuO .. + - H, —> Cu + Hzo

The residue will therefore be a fraction enriched in deuterium.

properties | |

“ Heavy hydrogen like ordinary hydrogen is a colourless,

odourless, tasteless gas. This isotope resembles ordinary hydrogen in

all properties which depend upon the electronic cqnﬁguratfon but

differs in certain properties which depend upon mass. This is due to
" their atoms having the same electronic configuration but different

mass numbers

Dissimilarities in the properties of protium and deuterium

Protium Deuterium

i

1. Melting pointsTow 13.95K | Melting point is high 18.65K

| Boiling point is high 23.59K
Heat of fusion is high
Density is high

2. Boiling point is low 20.38K
3. Heat of fusion is 1ow_ |

4. Density is low o \

5. Energy of dissociation is low | Energy of dissociation is high

12




i ' rtho
The deuterium molecule like hydrogen is a mixture of o
and one part of para form.

Chemical properties

The chemical properties of deuterium are similar to those of -

hydrogen. The only difference is that deuterium reacts more slowly -

and less completely than h'ydrogen.
‘1. Hydrogen and chlorine combine to give hydrogen chloride,
Deuterium and chlorine combine to give deuterium chloride
H, +Cl, — 2HC
D, + . C, — 2DCI

2. Hydrogen burns in oxygen to give water. Deuterium.bums in

oxygen to give deuterium oxide or heavy water
2H, + 0, - 2H,0
D) o A% 550, - . 2D,0

3. With nitrogen it combines in the presence of a catalyst to form

heavy ammonia

SHyeck DN 7T NG, G, ‘
3D, + _'Nz .= . 2ND; _
| Deuteroammoma

4. When deutermm is passed in to AgCI at 700°C reductlon takes
place similar that of Hydrogen ;s

D, ¥ 2AgC1 > 24+ apal

. . 5. Reéctio'x.l' ﬁrith unsatu‘rated hydro ca‘rboln‘s',. e £ _
When ethylene is mixed with deuterium and passed Over

heated nickel, addition reactlon takes place "

- 3
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The deuterium molecule like hydrogen is‘a mixture of orthy

and one part of para form.
Chemical properties

The chemical properties of deuterium are similar to thoge of

hydrogen. The only difference is that deuterium reacts more slowly -

and less completely than hydrogen |
1. Hydrogen and chlorine combine to give hydrogen chloride,
Deuterium and chlorine combine to give deuterium chloride
H, +CL, - 2HCI
D, + Ch - anC]

2. Hydrogen burns in oxygen to give water Deuterlum bums in
oxygen to give deuterium oxide or heavy water

2H, + O, - 2H20
D,  + 0, 2D;o

3. With mtrogen it combines in the presence of a catalyst to form .

heavy ammonia

3Hp - N, > 2NH,

3D, + N, - 2ND;

. . i ; _ i u}s
Deuteroammoma

4. When deutenum is passed in to AgClI at 700°C reductidn takes
p]ace similar that of Hydrogen

D, + 2AgCl - 2Ag + 2DQl.
... Reactlon thh unsaturated hydro carbons; TR
When ethylene is mixed with deuterium and pass

heated nickel, addition reactlon takes place

P Ly - . > - 4 Y
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1 ‘CH, D
I + D - |
CH; CH,D
Dideuterocthane
6.Exchange Reaction

With deuterium exchange reactions are common in which one
or more deuterium atoms exchange with light hydrogen atoms .The
following reactions are examples of exchange reactions |

-—9,‘?1";'&%”!,’1--‘-— S T sl g b
==L Sy H ) L AT by " P £l =Y

Hg =3 . D - HD + H
: ;_;;: Hzo + Dz - D20 + Hz
200°C ‘

; E C(,Hﬁ + 3D2 —> . C(,D(; + 3H‘2
'_: Deuterobenzene |
f ~ 2NH; + 3D, - 2ND; +  3H,0
E B X ‘ L Trideuteroammonia \

| Deuteromethene

Uses of deuterium _
2 Deuterium is used as a tracer element in the study of

mechanism of chemical reactions and of biological systems.

2. It is used in bombarding atoms in huclear transformations

and art1ﬁc1a1 radio actmty -
3. It is used 1n the production ot deuterlum oxxde Hoary

 water] whlch 1s used as a moderator in nuclear reactors.
. 4. Deutenum is used in the productlon of deutenurn oxlde |

(Heavy water) Wthh is used as a moderator in nuclear reactots. -

ol i 14
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Structure

" on
The hydrogen atom consists of a prot

clectron revolves, Both the proton and the ¢

: smbine to forma m
like a top. When two hydrogen atoms combine to f0

spin of the electrons are always in

the molecule would: not be stable m,uordmp to P
her in the samc dlrccu(m or

auli cxclusion

‘pinciple. The spin of proton may be eit

opposite direction giving rise to two allotropes of hydrogcn, ﬂamely

ortho and para hydrogen'respectively.

Orthe-Hydrogen Para -Hydrogen

The two eléctrons in a hydrogen molecule always spin in the

opposite direction. At room temperature ordlnary hydrogen consists

S———

about 75% ortho and 25% para form As the temperature is lowered,
the eqmllbrlum shifts'in favour of para hydrogen. At 25K there 1S 99%
para ‘and 1% ortho hydrogen. The change in the proport1on of the two |

forms of hydrogen requires a catalyst such 'as platmum br atomic

hydrogen or sﬂent discharge. * e
15 F | B, ‘ #

around which one
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v e Ll e LT e S, e
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lectron Spin around an axis
olecule, the

the opposite directions as otherwise



' Separation
?

The para form was originally prepared by absorbing ordinary.

| hydrogen In activated charcoal i 1 1n a quart vessel kept at a temperature

\

of 201$ The charcoal absorbs almost pure para hydrogen By this
{ method pure para hydrogen can be instated.

Conversion of para mto ortho hydrogen
r " Ortho hydrogen 1S more stahle than para hydrogen The para
form changes into ortho form under the condmons glven ‘below

(i\) ‘By heating with nascent .hydrogen
(11) By heating to 800° C or more’ ‘

'(iii) . By mixing‘\_irith paramagnetic molecules like oxygen.
(iv) By treatment with catalyst like platinum or iron.

(V) By passing an electric disoharge

i e i e AT T e -

(vi) By mixing with atomic hydrogen

Propertles

Ortho and Para hydrogen are similar in chemlca’l propertres

but dlffer in some of the physu:al properties.
e () Me]tlng point of para hydrogen is 13. 83K whlle that of

| ordmary hydrogen is 13. 95K. _
(i1) | Borlmg point of para hydrogen is 20-26K whlle that of 0y,

—— —e——

‘ordlnary hydrogen is 90-39K.5 . : |

et et

(iif) _The vapour pressure ,ofilqulwwgi

T ..-i:than that of ordmary 11qu1d hydrogen el ik e

3 e 3~ TR - : R
i 116 e
ik ik, aRte




The magnetic moment of para hydrogen is zero since th

spins neutralizes each other while in the case of ortho it i

‘twice than that of proton

. Para! hydrogen possesses a lower- internal moleculy

.....

energy than ottho form. It'is not possible to obtain' orth

hydrogen in pure state. { 2
{ [
J
, L |
9
/
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Hydrides

Binary compounds of hydrogen and other clemlcnts are
gcnerally called hydrides. This term should be applied to compounds

of hydrogen with elements of lower e]cctroncgatmty

R T T i e T w.-\-v‘i-,-_-grv-'—ﬂ“m-k'p:ﬂl
2 ; S Ay ) et .

 Classifications :

I.._',Hydrides are classified into four classes
. (@  Saline hydrides |

. ()  Metallic hydrides

:# (i)  Molecular hydrides

(iv),  Polymeric hydrides

(1) Salmpj hydrides (or) Ionic hydndes

f ~wt " These are' the hydrides of s-block elements viz- alkali and

Ea]kahne earth metals (except Be and Mg)
:Examples. L1H,_ NaH, CaH,, BaH,

Preparatmn

Ionic hydrides are generally prepared by heatmg the metalina’ -

current of hydrogen * /i) ! 0.1 *
R 1400°C " - ' '

Ca ¥ Hgoy giiltied bkl CaHl i G s
%;I_’roperties ;

1). The saline_ hydrldes (salt like) . colourless crystallme
ompounds with ionic lattices.




2) Stability :

- Hydrides of Li, Ca and Sr arc most stable, other dccOmposa
above 670K. Thermal stability decrcascs with increase in atop
number of the metal in a given group
3) Presence of hydride ion ' -

Electrolysis of fused LiH produces. hydrogen at the any

showing the presence of the hydride ion H

LiH - Li* +H
2Li"  + 2¢ — 2Li (At cathode)

2H - 2¢ + H,( Atanode)
~ 4) Action of air | | ‘

.. They are oxidized by air, sgmebum spontaneously at roor
temperature

5) Action of water

They are hydrolyzed vigorously by water with the formatio
of oorrcsponding hydroxide and hydrogen,
LiH + . H0. > LOH +  m,
. Cal, +  2H0 5 Ca(Om), + 2H,
6). The ions are held by strong electrostatxc force and hence the joni
hydrides are SOlldS with high melting and boiling points.
7) Reducmg Property

. They are powerful reducing agents at hxgh temperatures f
‘ Example : | g

 4NaH i + _Fe;;04'.‘ ‘= 3Fe 4+ 4Na0_H
L NaH- ok 0 00y 5. HCOONa

19




elements Group.IB'to VIIB and VIII)

Uses

1. Ionic hydrides are used as reducing agents in synthetic organic
chemistry |

2. LiH.and NaH are used for preparing reducing aéente like
lithium aluminum hydride (LiAlHy) i sodium borohydride
(NaBH4) | |

3. LiH;, NaH and CaH, are emp]oyed as a ready source of
“hydrogen for military purpose.

4. Jonic hydrides liberate hydrogen on heating. The liberated
hydrogen buns in air spontaneousiy. Thus these hydrides are

; used as solid fuels.

(1i) Metalhc hydrides or Interstitial Hydrrdes

These are formed by some of the transition metals (d- block

-

Structure:  In metallic hydrides, hydrogen is occluded in the

interstitial holes of the'metal lattice. Hence these hydrides are also

ST T P PV W TE IR BN

known as 1nterst1t1al hydrides. Since temperature and pressure may
propnrtlon of hydrogen, there is no storchmmemc relation between the
metal and hydrogen in these compounds. For this reason, the_ metallic

,

hydrldes are often called' non- st01ch10metnc hydrides
Example: PdHo 65 VHO 6

Some metalhc h;dgdespmtorchromemc formulae. -
Examp]e CuH, FeH,, NiH,, CrH; Aviid 3




Preparati
;i i erately heated metalg

; i as over mod
(D). By Passing hydrogen gas R ThH,

Th +  H

(I): By electrodeposition of hydrogen on the ekl issd A8 cay
€xcepting palladium (Pd) |
Properties
(D). Metallic hydrides are ’noﬁ-volatilq solids and have metallic |,
(i1). The metallic lattice expands on account of occlusion; of hydmg
Thus the densities of the metallic hydrides are usually lowe 4
those of the parent metals.
(iii). They expel hydrogen on heating and hence they are g,
reducing agents, i '
(iv). ‘They ‘conduct. electricity f?ebly and hence they are useq
~sen~licon-dunct0rs. 38 b Y oredla
- saii( i‘)-.;,It-:is used ‘as reducing agent ' . |

-« (i) Itis:used as solid: fuels :

(111) It is used as, senuconductors '

Lav)It used in. mctallurgy and vacuum tubes - |

(m) Molecular hydrldes (or) covalent hydndes

These are formed by most p- block elements (Metals n"b

Preparatlon

( 1) Dlrect combmatxon of the elements

(HF NH;,, HzO) 3

v Ao : 7;' " “.,
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(2). Hydrolysis; of metal borides, carbides, nitrides, phosphides
cte., with water or acid.

CaCs + 2H,0 -  Ca(OH), + C.H;
MgsB,  + 6HCL —  3MgCl, - B.H,
Mg Si 1+ Lo 4HCH vy 2MgCly + 'SiH.

ngtN" “+ 6H,0 — 3Mg(OH) + 2NH;
“(3). By the rcductlon of metal halides with nascent hydrogen

game

5 ASCh vy tepod e OHy 5ty ediiv AsH; -1+ /.. 3HCI
o . zomcl | |
GeCL, ~ +°  8H —> o GeHy + 4HCI
(4). By reduction of non- metal halides withlithium -aluminum .
.-~.hydride in ether solution... < ;
| itarmals T Biey | ‘ ' ;
; SlCl4+ L LiAlH, - = SiH, +LiCl + AlCl;
'._Propertxes : -

| ( 1) The molecu]cs of covalcm hvdrldes are held by weak
‘van der Waal’s forcc and hence thev are gascs or volatile liquids or
itizschds with low melting and boﬂmg point.” _ |
(2). The covalent hydrides are non-conductors of clectncxty in
Ej-thc‘: liquid state and when dlssolved in non-polar solvents
;T' (3)'i'hey are rcadlly hydrolyzcd by water hberatmg hydrogen
BHs + 6H0.. - 2H;BO; 6H,
SH, + 200 - S0+ dH
(4) Thcy are strong reducing agents for example, monosilane reduces
sllvcr nitrate to metallic silver and copper sulphate to copper silicide”

4AgNo, +  SiHy - Si  + d4Ag + 4HNO,




 2CuSO; +  SiH, — Cu,Si +  2H,S0,

Uses

(1) It is used as strong reducing agent
(i_i) Boron hydrides like diborane are uspd as rocket fuels
| " (Propellants) |
(111) Slhcon hydrides (Silanes) are used to prepare silicon
whlch finds use in transistors and photovoltaic cells
(iv)  The hydrides of carbon (hydrocarbons) are used as
| gaseous fuels for heating and lighting purposes
(iv). Complex hydride |
These hydrides are formed by the action: of | ionic hydrides on
. the electron deﬁcxent compounds of group III elements
-Example: LiAIH; - Lithium aluminum hydride
G LiBH; - Lithium borohydride
.7 NaAH, - Sodium aluminum hydride
| ~ NaBH, - Sodium borohydride
Preparation I | |
. _ ik

4LH + Ak o>  LAH, + 3Lcl

Loy ; : / ’_' i
“2NaH + ~ BHs ©~ -  2NaBH,

. > Rl A
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Properties )
1).The _czjmplcx hydrides are readily hydiolyzed by water
liberating hydrogen |
LiAlHy + 4H,0 — Li(OH) 4 AI(OH)y -+ 4k,
NaBH; + 4H,0 —  NaOH -+ H;BO; 4 4,
~2). They are powerful rcducing agents. For ‘cxmnplc LiAlF,
reduces a number of covalent halides to the hydrides
SiCle .+ LiAlH, =  SiH, + AICl + LiCl
Uses A
1). Complex hydrides are used as powerful reducing agents in
?‘oroamc chemistry. |
.2). L1A1H4 is used for the preparation of hydrldes of B, Si, Ge and
Sn _ : ‘ L Y ¢
3). The alkali'rhetal- borohydrides are_used as a handy source of

.~ diborane:

/ '
|




B. OXidQS 2051 110300
" Definition: ‘ | bl LA
A binary compound of oxygen. with another elemént’is ‘callcd

oxides,

||E:‘-“:,-‘

Classification _ A
' | Based on their chemical::behavior ‘or. oxygen. content, : chief
. classes of oxides are given below. ;i 1/ on e
L Claesiﬁcation based on their oxygen content.; '
1.Normal oxides :
| Oxides, ~which contaln 0Xygen, . as; .permitted bY the ' normal
ox:datlon number of element are called normal oxide;; They have only
M-O:bonds i 1o wabith v be estsgeny ol 1ot baeir o A
K Ex H,0, MgO A]203
2:.Poly- Oxides;: i o5 1vi) vy o bithirdoiod Isib flesly sl Y (8
' Oxides contammg more oxygen than allowed by 1:normal
oudatlon number of M are termed polyox1des They involye 0-0
“bonds as well as M- O bonds, These*have been further cla551ﬁcd as
: (a) Per oxides
- .-These contain 02 | 1on and are denvatlve of H,0,; (H-—O-—O—H) ‘
-__'These produce hydrogen perox:des with® dllute acxds and liberate
' oxygen with concentrated amds e |
Tt NazOz Bao2 A e _
Baoz o+ st04 (dll) > BaSo, A g
-‘_‘"‘?BaOa _+ 2HzSO4 (conc) '- ‘-" 2BaSO4 + 2H,0 + 0.
.__They assoclated wnh pBIOXIde( O O)Imkage i s




R

-‘_,? H—O—0O—H Na—O—0—Na

H:D: ' ‘ Na;(.):

~ (b). Super oxides

These conation Q7; 1on. Only super oxides known are KQ,, RbO;

~ and GsO..

1 (c). Dioxides

These react with water to give hydrogen peroxide and oxygen

EKO; + ZH:O — 2KOH + -H;O;

Poly- Quides, w hxch contain higher percentage of oxygen like

. peroxides but do not give any hydrogen peroxides with dilute acids,

M-m bonds in addition to M-o bonds

* are termed dioxides. These oxidize conc. HCl to chlorine

MnQ, + 4HCI(conc.) — MnCl; +2H,0 + Cl,

| When heated with conc. H,SO; it yield oxygen.

ZI\.'InOs ‘5'. 2H3804(COHC.)_ — 2MnSQOy + ?..H:O + O,

| 3. Sub oxides.

Oxides, whxch contain _lower percentage of oxygen than the

. normal oxidation number of M, are called sub oxides, They nvolve

Nitrous oxide

Ex: WO et
C302 s ip =C=C=C=0
4, Mmed oxides

Some oxides may be considered to be made of two simpler
oxides: These oxides are called compound oxides
Fe;0, - [FeO+Fe;05] — Ferreso- ferric oxide
PO o [2PbO+Pb02] A Plumbo-plumbw oxides
26 kL




Fe;0, given a mixture of ferrous and ferric salts with acids

FeO -+ Fex0s

Fe;04 | -
FeO = i t2HEl 2> - FeCla s, (H0
Fe;0, + '~ 6HCl ~'=» = 2FeCly+ -3H0
Fe;0, + SHCl —  FeCl, +2FeCls + 4H,0

II. Based on their chemical behavior -

" (1). Acidic oxides -
Oxides which dissolve in water forming acids and mneutralize
acid anhydrides

alkalis are called acidic oxides. ‘They are also palled

and are generally the ox1des of non metals

EXMpleSI N203‘ N205 P203 SOZ C027 B203

(1). These oxides dissolve in water forming acids
H,CO; (carbonic acid)

H,SO; (Sulphonic acid)

| Properties:
COg‘ + H,O —
- SO; + H,O  —> H2804 (Sulphunc a<:1d)
(11) They dissolve 1 m alkali forming salts. Ji I
: C)Oz-i- ‘NaOH  — Na2C03 + HzO
-~ S0, + 2NaOH - NaSO, + i A




(2). Basic oxides These may be
(a). Essentially covalent

© Oxides of transition meats MO and M,0; are essentially
covalent. These are non volatile insoluble in water and not attacked
by it , o |
(b) Essentially lonic “These are attacked by water to give

alkalis. These are oxides of metals. Oxides, which dissolve in acids to

form salts, are called basic oxides
Ex:  Li,0, Na;0, Ca0, BaO, Fe,0;
Properties: (i). Thesé oxides are dissolved in water to give alkali
solutions. Such solutions are termed alkalis | . -
Na,0 + H,0 — 2NaOH
Ca0 " + H0 - Ca(OH)
(11). These oxides react with acids to form salts. '
Na, O + 2HCIl —- 2NaCl + H;0
CaO + H,SO; - ' CaSO, + HO
: ‘(3-). Amphoferic oxides: A few metallic oxides ‘exhibit a dual
‘behavior of both an acidic and basic oxides. They form salts on
reactions with both acids and alkalies Ex:*  ZnO, -SnO, ~SnO,
ALOS
Properties; (i)With acids
Zn0 + 2HCl = InClL + HO
‘ | Zinc chronicle
Sh0 + © 2HCI -  SnCL +  HO
| Stannous chloride
28 |




A0+ g L
R " o R ) e
FLAITR . A] . ; ,d far .
(ii). With alkalies |/ _Aluminum chloride ‘
| | ) "Z I .." T
et ?'NaOH - Na2,Zn0, + = H,0

| o ot - Sodium zincate
§ - S0 2Na0H 55 NaSn0, +H 07
ST | Sodium stannite ?

ALO; +  2NaOH - 2NaAlo, + H,0 |
et ' Sodium aluminate |
'(4)3;:Neutral‘0xides: i Tho‘se*Oxideé which are neutral towards |
htmus are called neutral oxides these oxides do not form salt: elther

- with acids or bases: & 0.1

Ex: G_O; sy, — .. Carbon monoxide
B0z cmcWaterhizs s 1onaa s9bive sesd TG0
N,O = — i, ~Nitrous oxide ;- { e |
NO . — .- Nitric oxide .- | |
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E: Ozone
Molecular formula : O;

Manufacture of ozone
The manufacture of ozonised air is employed by Slemen

Halske’s ozoniser. It consists of battery of aluminum cylmders(ﬁ.E

‘number) resting on an insulating glass plate and enclosed in gly
porcelain tubes. These are arranged two abreast in an earthed iront,
divided into three compartments. Through the middle comoartm
cold water is circulated to keep the apparatus cool. The alumiy
rods are raised to a hlgh potential of 8,000 — 10,000 volts.

Alr is passed in the lower compartment when it is subjecte
to the action of silent elec’mc discharge. Ozonised air passes out

through the ex1t at the top and is ¢ collected.

7 — OZONISED
Z T AR
’//'F-"' ———————————— Al lal (=
A— e A e WATER
A==
| = =
g _"r'| | vt L = 5;——- WATER

; T E
e GLASS ‘JL i
| o=t




%
,llcnl clectric discharges. Oxygen is partially converted into ozone

md ozonised air comes out at the upper end of the ozoniser.
Elcctrolvﬁc method :

The electrolysis of acidified water with high current density
aind plati

Inum anode gives a gas on the anode which consists of 95%
ozone rest being oxygen.

pompOSItlon of ozone

| Soret’s Experiment:

I Equal volume of ozonised oxygen 1s enclosed in two flasks
ui)f equal capacity having graduated necks In one of the flasks
kintroduced turpentine oil and heated the other. In the first flask
‘decrease of volume was noticed due to the absorption of ozone. In
the second flask an increase of volume took place due to the

decomposition of ozone to give oxygen.

DUCED
Sl TU??PENTWE
= - OIL.
3 HEATED
== -4 f : 4'1
13 21 mi

|
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‘The decrease in volume was found to be double increase.

. if the increase in volume is one volume the decrease is double (=

':i ‘volumes) |




The decrezse in volume (=2 volumes) With fipentine i
directly the volume of oZone presemt in ozomised OXygen T
increases by one volume on heating when 0zone (2 gy by
decomposes to give oxygen, ie., the volume of OXygen obizines |
volume +1 volume = 3 volume. This shows fhat TW0 volume

ozone on decomposition by heating yield three volumes of oxyp=,

Ozone — G-
2 volume 3 volume
2 molecule 3 molecules.

Applying Avogadro’s law 2 molecules of ozone yielk:
molecules of oxygen. Hence the formulz of ozone should be Os.

(if). Vapour density of ozone has been found fo be 22 z
molecular weight is 48 which corresponds to the formula O;. Hex
O; is the formula of ozone.
Structure

1. The mo]ecular formula of ozone is O;

2. Electron diffraction studies show that o0zone molecule }3:..

s;mmemcalmangularstruchn’e

' e
I\
T 5O

3. Thesymmefncalstmcmremdﬂyexplamsthe&wjentnama

oxygen and ozonide formation - . ,

O

" CH,=—=CH, + / \ - CH,—0o__ _’

’ - 0—0O i (':H.s.

=



4. In most of the oxidation reactions ozone makes use of
_mly one oxygen atom. This suggests that onc of the oxygen atoms
f oxygen atoms of ozone be linked in a different manncr. This i3

xplained by proposing the following unsymmelrical  structure,

\ /

O
I - 11

5. The tetravalency of one of the oxygen atoms as scen in the
nsymmetrical structures is established by Bruhl from molar
fraction studies

6. (I). The microwave spectra of ozone shows that it is'V’

waped with a bond angle of 111°49'

0]
/ \
@) O
(ii). The O — O bond length in oione is 1.28A° This is
termediate between an O — O single bond (148A°) and a O =0
rglilne bond (1.21A°%). This suggests resonance in the molequle and
one is regarded as a resonance hybrid of the following structures.
O+ - o O+ )
//\ o /N
10 :0: :0: :0:_

‘operties
iysical.
1. Itisapale — blue gas with stronglsmell.
54




When inhaled in small quantities i Causes pegd achC an(

nausea.

3. 1t is heavier than air.

4. Slightly soluble in water, more soluble in turpentine

| glacial acetic acid or carbon tetra chloride.

5. Ttisliquefiedtoa dce]i blue liquid when passed through liqui¢
oxygen. (Boiling point : 160.6K)

6. Tt ‘can be solidified to violet black crystals (Melting poip
23 3K).

Chemical Properties.

1. Decomposition

Pure ozone decomposes with an explosive violence while
@

ozonised oxygen decomposes slowly at low temperature. It i
almost iﬁstantaneous at 573K.

20, ', 30,
(2). Oxidizing action

It acts as a powerful oxidizing agent due to ljberat
nascent oxygen.

hod ['03_ - = 0, + 0] .
(i). Black lead sulphide is oxidized to white lead sulphate
PbS + 403 — PbSO, + 40,
(ii). Iodine is liberated from potassmm iodide solution, -

2KI + H,0 + O; . ™ 2KOH +', 4 o

(iii). Halogen acids are oxidized to the correspondmg halogens, e g

hydrochlonc acid is oxidized to chlorme

55



| oxygen.-

20C1 4+ O - Clh + HO 4 O

_i_i;;-:--'(i.\*). Potasgium manganate is oxidized (o potassium permanganate.

2KaMnQy 4 H;0 4 Oy = 2EMnO, + 2KOH + Oy

(v) Silver metal is blnckened,

2Ag 4+ Oy —t AgO 4+ O

f;j:j(vi). Moist iodine is oxidized to iodic acid

I, + 50, + H,0 -~ 2HIO; + 50,

Similarly moist sulphur, phosphorus to their corresponding highest
~ oxy acids.

(vii). A Solution of potassium ferro cyanide is oxidized to potassium
 ferriv cyanide. '

~ 2[KiFe(CN)g] +0; = 2[K; Fe(CN)j] + 2KOH + O
' (viii). .When passed through mercury it loses its meniscus and
sticks to glassdue to the formation of Hg,O. This phenomenon of

mercury sticking to glass is called tailing of mercury.

2Hg + O, —? Hg,O + O,

(1x) It is a good bleachmg agent - due to 1ts oxidizing action on
orgamc matter.
. 3) Reaction with peroxides.

Reactlon of ozone w1th banum peroxide and hydrogen

- peroxide results in their mutual reduction with the liberation of

-"Bao2 + v03 — BaO_._ + 20,
o, +0; —  HO+ 20
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(4). Addition Reaction.

With unsaturated organic compounds containing doupy,

bonds, it forms addition products called ozonide.

CH, CH; — O—CH,

| R © T ' l

CH, O - e )
Ethylene Ethylene ozonide

These ozonide are decomposcd oy water or dilute acids 8iving
aldehyde and Hydrogen peroxide |
R-CH— O— CH—R’

O —0
The identification of the aldehyde thus obtained helps. in

locating the position of the double bond in the molecule of the original

unsaturated compound. |

User of ozone: -

1. As germicide and disinfectant.

2. For bleaching oils Silk, wool , ivory , starch etc.,

3. For the manufacture of potassium p‘ermanganate by oxidation

| of potassium manganate.

4. In the manufacture of artificial silk and syﬁthetic camphqr;

5. Itis used_ to purify air in crowded places like cinema theatres,
auditorium, mines, etc., - iy

6. It is _uscd.to locate the positign of ethylenic dauble bonds'-jnl

organic compound, £
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A. Gaseous State

Postulates of kinetic theory of gas
; ;

-GﬂS&S 00n51st of tiny particles called molecules, which. are
m continuous motion.

Molecules are so small and so far apart that on the average, the
actual volume of the molecules is negligible compared to the
empty space between them.

The molecules are moving very fast in a straight lines 2t rendom

- colliding with each other and with walls of the container.

Pressure exerted by gases in each collision of the molecules
with the walls of the container.
The molecules are perfectly elastic so that there is no net loss

- of kinetic energy in each collision. ,
> There are no forces of attraction between the molecules.

» The effect of gravxty on th

. different speeds and hence different kineti
the average kinetic €ncrgy of the mo

e motion of the molecules is

negligible in - cmnpmson to the eﬁ'ect of continued collisions

between them. | :
At a particular instant d1ﬁ'erentmoleculﬁ in a sample have
¢ energies. However

Iecu]es is directly

b proporl:lcmalf;omc:absolutﬁttttﬂlm'ature

SN i SR

.‘.‘ éw.,v(.wl- o

i g 14




Derivation and expression for pressure of an ideal gas on t, by
of kinetic theory

Consider a gas enclosed in a cube.. The sides of which ;,
cm long. Let the number of molecule in the cube be ‘n’ and ¢
average velocity of the mole cube be ‘u’ cm / second. Actuallyg .
molecules will be moving in different direction in a zigzag many,
But their average velocity 'u ".can be resolved into three compone,
Uc, Uy, and u,. Along the three co-ordinate axes X, y, z mutys
perpendicular to each other and perpendicular to the bases of the cub

The magnitude of average velocity is related to its components by t
expression.

2z
&
Bl G-
c _Fr
1 i ~ - )
A :
AL H, .
D E
.';'2-: L“' d 811 IS iy : 4 5L .'-7 ¥ &y ]
Vitsaib 20 e ux +u" +uz,1' y O ---(1)
Smce no dlrectlon of motmn 1s preferred 1t cambe ass“medm afy SR
S L 2 _ t
Uy — u y u; _ 2‘)
u2 = ux +ux +ux ) e ,‘(3)
u? o 3 - —(4)




_ . nparp o Neq0n st o s
| | - A —(12)

g2 g e - g = e
© s square mean velocity . S

ubstitute ‘equation (13) in equation

QR -



This represents the total force on the cube , But pressure ‘P’ ls

equal to Force / Area. . i B

P = Force / Area A e £ (15) |
| _ 1
p, = Y% mN¢ —memeemee=(16)

iy 1X17
P = Y% mN? /17T e (17) ¢
2 = v cemenme(18)
Substitute equation (18) in (17) ]
P = % mN/V | ree——(19) |
PV = 14 mNe? 1 o ez 4oy g 6)a

L 'Equa.tion (20) is thc fundamental equation of the kinetic‘?d
theory' of 'gases." Gmng the relationship bétween -pressure and
volume 1is known as kmetlc energy of gas. .
Deducmg the- basic laws

| Vanou§  gas laws, can be deduced from the kmetlc equatmn
as /follows.

1). Boyle’s law l'
At constant temperature ‘the ' volume 'of' a given' masg.'df |

the, gas I__is-_i_n.vci'sely proportional to its -:i)ressure

V .« 1 At "l‘
| =" ( )'
(£} 9PY---~ = constant ‘- -----'.------.._(2)

- According, to kinefic equation., -
PV - 1/3 ITINCZ ---“----- (3) \
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. N

5

{ o:oht hand sid . N
?zxg ‘e of the equation (3) is multiplied and divided by 2 |
.-'- ' ‘ |
§i PV ="“%X14mmﬁ” il B 7

PV S ANX Vme? o | ---(5) |

Where Y mc?
2IC"  represents the average kinetic energy of

|
fihe molecule. Acco
,,l%thc rding to the kmetlc energy, the average kinetic

fenergy of the molecule E, is directly proportional to the absolute
| temperature | |

B2 e  %md ¢ T s
Y2 me® = kT L T (7)

where k is proportionality constant
Substitute (7) in (5)
PV =m0 BNKT) gl ot (8)

" At constant temperature and for a given mass of a gas, T
and N are constant. Hence the cquatlon (8) becomes

)i

PV = " constant

Charles’ law .
According to Cha:rles ]aw pressure remammg constant,  the

volume of given mass of gas. is directly proportional to the

absolute temperature. i | -'

"N “js number of molecules,
100
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V = [;"M ] ' T -------------- .‘(2) :

ar
At constant press

constants]

2 kN = constant
3[’_
\% o T

(3). Graham's law of gascous diffusion.
According to Graham's law rate of diffusion of gy
inversely proportional to the square root of its density at consty

pressure,

According to kinetic equation for gas

ure P and for a given mass o e [\]
hi 8

q(

By

PV = Y mNc? (1)
... For, Iymole of a gas having N, (Avogadro number) molecules. -
m x Nu = M (Mis molar mass)  eeescceemmeeneaee (2)
Substitute equation (2) in (1) | P o
PV = % Mo? S—
V2 -
c = Bva )
Both numerator and denominator is divided by V
‘cn | 22, | | { 'y v V o
' M/v
M/V = v _ —eee(6)
[ mass / volume = density]
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) n ( 6)
v = 3P
i Y — (7)
If Pis kept constant
c? o _1 - 8
] (8)
c o \’1—-‘ """""""""" (9)

low * r’ the rate of diffusion of gas is directly proportional to the

rms’ velocity of the molecule,

¥ B s | ~ - (10)

T o iciot adfil.noi
. P
Avogadro s law

Equa] volumc of all the gases under sxmllar conditions of
E:mparaturc and pressure contam cqual number of molecules.

Con51der equal volumes V of two different gases X and Y
mder the same pressure P and temperature T.

* “Let the gas X contains N, molecules each of mass m, havmg

oot mean square velomty cl, while the gas Y contains N, molecules

ach of mass m,, having root mean square of veloclty c2. . Then

¢ { 2)
. PV = s my Nzcz ‘, -(
under similar condition equation (1) = equatlon (2)
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)

ame the average kinetic energy o

2
A m N, €
%_m[ hll clz = A 7 IN2 V2

As the temperaturc is 8
molecule for both gases should be the same.

SR U Q... 35 _
Y2 myc,’ = Y2 m7Cs )

Dividing equation (3) by (4).

2
l/3 m, Nl Clz % m, N2 C2

2
Va I'l"h(:]2 , Y2 my Cy

N, = N
Kinetic energy of an ideal gas

The molecule of a gas in a state of constant rapid motions ax

possesses kinetic energy due to motion. The total kinetic energy of

translation of the molecule present in one mole of any gas can bt
calculated with the help of kinetic equation as follows

From the kinetic gas equation

PV = % mN¢ ' a f

An ideal gas equation - . i
| PV, | = nRT ) ‘7
“_Substitute thc_. value of PV in equation (2), |
" VimNe= nRT | . s o) b

The left hand side of equation (.3) is multiplied and divided
5 :

% [bmc?IN = nRT s . — (4)

Average Kinetic energy E K

Il

% me? - )
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i

yis is for individual molecuy]e, Hence total. kinetic energy of Na
plecule present in the sample, .

Ex = NAE, = Y% mNe? - ' ©)

Substitute equation (6)in (4)

# B = nRT ™)
B = 3/2 nRT { (8)
n = “if ‘

Total kinetic energy per mole

Ex = 3/2 RT 9)
Total kinetic energy per molecule
Ey, = 3RT . . (10)
Na 2N,
Ring ai:int K
Na ]
Whéfe K is Boltzman constant
Ey = 3 KT (11)
NA 2% )
E, —€ (12) f
Na |
Substitute equation (12) in equation : (11) b
€k =1 3 KT & ' 2 e (13) 5

104




Deviation of realgases from ideal behavior

A gas is termed an ideal gas or a perfect gas jf I

obeys gas law or the gas equation.
PV = nRT
rigidly for all values of temperature and pressure.

Actually no gas is ideal. Most gases show deviation from gy,
laws under the conditions of high pressure and low temperature. Thys
those gases which do not obey the gas laws and gas  equation under
all condition are called Real gases.

The deviation of real gases from the ideal behavior varies with
the nature of gas. In general the most easily lxqueﬁed and hlgh]y
soluble gases such as NH;, SO, and CO; show large dev1at10n than
the gases such as H,, O;and N,

(). Deviations from Boyle’s law: |

The magnitude and nature of deviation from Boyle’s law may :
be seen.from the plots of PV/ RT (compre551b111ty factor, Z) verses |

pressure of different gases at constant temperature

"z

(-] TP " -{2€A; G435 |

CONPRESSTRILITY FACTOR- — -

700 ADO  ado oda 1000
PRESSURE IN nmsmneg ——
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he compressibility factor Z is the ratio observed molar volume v
o the iqcal molar volume (V j4.,)) = RT/ P !

Z = Vg = v
V iden RT/P
Z = PV
RT
At constant temperature

. Z o PV
For an ideal gas obeying Boyle's law the curve is horizontal

dotted straight line.
" For an ideal gas obeying Boyle’s law
Z = 1
and is independent of temperature and pressure.
Effect of Pressure.

In the above figure the value of Z for hydrogen increases with
increase of pressure. He and Ne resemble hydrogen in this respect. In
the case of mtrogen (N2), Carbon d1ox1de (CO,) the value of Z at first
‘decreases, passcs through mlmmum and then increases continuously.

The deviation in the c_ase of CO, are more pronounced than 1in

the case of Nz
| " In this ﬁgure relative value of compre331b111ty factor PV/ RT

“for Nitrogen have been plottcd agalnst pressure for a number of

ternperature It is seen that at low temp rature the s]ope of the curve

is negative.
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The shapes of the curves reveal that at higher temperatures

nitrogen resembles hydrogen while at lower temperatures it resembles

carbon dioxide | |
It appears that the nature of deviation from Boyle s Iaw

| depends on the ternperature not on the nature of gas. It has been
‘ 'observed that the gases obey Boyle : law generally at very low
pressure and moderately hlgh temperature |

In ﬁgure it seen that at very low temperature the slope of Z Vs,
P is negatlve At suffi mently hrgh temperature the slope is posmve
_ At some mtermedrate temperature the slope Is zero. Thls temperature
is called Boyle s temperature

™\ : 1di .l'r: .u-..l-l

Devratlons from Charles law

,‘.,._l- iy

According to Charles law volume of a given mass of. gaS is

directly proportional to its temperature on absolute scale
| v o T
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Pressure i
. . of a given mass of a gas is directly
Proportlonal to its temperature. -
- - P a T
combining the above two equations
PV a il (or)
PV RT

R is a gas constant.
Plot of PV verses T for different gases should produce

dentical straight line but in practice such identical straight lines are

not obtained excerted low pressure.

Deviations from Avogadro’s law.

The volume occupied by 1 mole of "an ideal
been found to be 22.4 lit. If Avogadro’s law Wwere strictly true, one
mole of every gas should occupy this volume at STP. However, One

mole of none of -the real gases occupies exactly this volume at

gas at STP has

STP.

"In general the deviations are the
g., ammonia and ethyl chloride.

Further difference is greater at low temperature and. high pressure.

Reasons for deviation’

The kinetic theory of
ble source of error could arise: either 0}

greatest in the case of gases

which arée ‘very easily liquefied e.

gases was propounded to explain the

behavior of gases. Two possi
th the postulates describing the model or,

there is something wrong wi
t exact. The gas laws were

(i1). the mathematical treatment is 1O
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derived from the kinetic theory of gases on the basis of

following two important assumptions.
(8). Gases consist of tiny molecules which are SO small and  so fy;

apart that on the avernge the actual volume of the molecule g
negligible compared to the empty space between them.

(b). There are no attractive forces between the molecules. They are
therefore completely independent of each other.

(0). Actual volume of the molecules is not negligible. - The = volume
of a gas can be reduced by cooling and compression until it changes
into liquid and then solid. This suggests that the molecules of the gas
must have an appreciable volume of the same order as volume
occupied by the molecules in the solid state.

It has been shown that under normal conditions of temperature
and pressure, the actual volume of the molecules is only 0.014 per
cent of the total volume. This is negligible fraction. At very high
pressure or at very low temperatures the total volume of the gas
decreases while the actual volume of the molecules does not change.
Hence under these conditions the volume of the molecule is no longer
a negligible fraction of the total volume. Therefore this assumption is
not valid at high pressure and low temperatures.

(ii). There are attractive forces between the molecules, Gases can be

liquefied by cooling and compression. One of the fundamental |
properties, of the liquid is cohesion due to attraction between its
molecules.
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olecular distance becomes

theref -
., ore, force of attraction js not negligible. Thus this
postulate is not valid at high ;

less and

posaas “Pressure and low temperature.
Derivation of van der Waals equation |
van der Waals developed the following equation for the real

gas by modifying the simplified model of: the perfect gas as

follo_ws_.

(i). Volume correction. At high pressure the volume occupied by gas
is small. In comparison : to this small volume, the volume occupied by
the gas: molecules is not negligible. Each ' molecule of a real gas
occupies a;, ﬁnité vOlurhe which can not:be neglected. In the
derivation of theideal gas equation it assumed that the molecules are
points having-no finite: volume.orBut; they>have some finite size
actually. So the effective volume available for the molecules to move
about .wi_li:'b'erless-: than ' the “measured -volume of'the gas. If V is
| - the »*volume correction, then the

the measured volume-of a gas bis

corrected volume is V= b). "Where ‘b’ is/van der ‘Waals' constant

33 X

known as co-volume.: ‘'
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(ii) Pr&sum correction. Acc()fding to }dnetic theory’ th{ -.
P of the gas is due to the impacts Of the molecules on the wayj, |
of the container. The tion for the pressure term is based ¢ |

the concept of i mfermolecular attraction. The intermolecular attractiy
pressure and low temperature. A

i
S MOre  pronounced at high
to attractive

molecule in the interior of the container is subjected
forces on all directions. The force of attraction _get cancelled ang |
e isno resultant attractive force on the molecule.

SR T

B
- /

AN
2 . But a molecule near the walls of the container is subjected to
attractive forces unequally. The result is the molecule is subjected to
inward pull as a result of unbalanced molecular attraction. Hence the
obser§ed pressure of the gas is less than the ideal pressure.
corrected pressure - ' = observed pressure + Pressure correction.
 The attractive force experienced by a molecule near the walls |
of the container is: proportional to the density of the gas and also.to
the total number of molecules present per unit volume of a gas. Thus
 the attractive force experienced by a single molecule near the wall is
directly proportional to the square of the density of the gas. But the |
density of the gas is inversely proportional to its volumc oy

Total inward forces ¢ P2
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.p. u

Pres
a

. 1
Iﬂtrodu_cmg{ 2 constant of . By
Goﬂ-ectlon 1S ‘&_c_ , plfOpolﬁ(ma]ity -
V2 . '- 2R the = pressure
- Corrected pressure " ‘ >
. ' . + a
Juwpon  introducing pog V2
1 Volume and

pressure

equation of state for j req) 8as can be writte
| . 1l as
(P +

E{,T)( V-b)=RT

Explanation for the behavior of real gases on the basis of

| van der Waals gas equation

The van der Waals gas equation for one mole of a gas

(P + g’—z——)( V'— b ) ‘ = RT o L v . (1)
SRR T |
can also bewritten as 2yt | ‘

PV + _aV_ - Pb - ab = RT e @

| Since the values of ‘@’ and . ‘b’’are very small, the product - ‘ab’
mall.'Hcgée neglecting ° élg’ _in the above

will be'negligible's v

equation, we get

; _ i ,- R LA U | o

PV + __23}2[_ — Pb B e, o | ©)
.V o et s W RS - (4

PV 4+ __a____ ._Pb | “_,i‘z-RT G T e ()

'RT



e

Whers p ‘ : :
' Prandy, e the pressure and the volume of the gas if th,

Ea8 were idenl, | b|
(D At Loy pressure (j
COWhen the pressure is low, the volume is large. InISU‘?h a Cagg |

I

Sall addition o [ pressure due to mutual attraction plays an importany
" ‘b’ is ',

L 20

part while the volume of the gas molccules themselves,
hegligiblo as compared to the large total volume V.. |

PV 4 a = Pb. =t PV
v _

-

>V —
which shows that the observed ; PV ¢ less than RT or . P{ Vi, the |
value expected for an ideal gas. As pressure increases; V. decreases so ;
that  a/V increases. . ' L

(1) At kigh pressure, . _
When the pressure is high the volume is small. In this case,

therefore, small volume occupied by molecules themselves can not be |
neglected. Whereas in comparison with' (he high prcséurc, small
addition of pressure due to mutual attraction is negligible . As
such negleoting 8/ 'V in equation * | i
PV - Pb - RT = | PV,

| PV o = PV, + Pb
1.6, the observed PV is greater than P, V;, the value expected for an
i,dmﬂ gas by an amount - equal to Pb. As the pressure incfcnscs, Pb
inoreases and PV = PV, + Pb also i!lcrexis.es. This explains 1;
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=

4o omes hzghcr and hlgher

i At low temperatyy,,

i at low pressure whij e
| ile  at high pressure P predominates over

1,/ V At some intermediat
2/ V) are nearly equal, ¢ two terms (Pb and

Hence a —-Pb=0
V ;
or P = i
r PV P;V; ie., the gas behave like an
ideal gas.

(iv). At high temperature.
At a given pressure, when temperature is very high both P

and V. are large. Hence the terms band a/ V2 in the van der Waals

equation. . e
(P.ohiz B ( V-b)=RT
v ._

are both’con'lparatively very small and negligible.
Neglécting th_e' terms in the above equation

PV - RT = BVi

an ideal gas.

[n other words, the gas behaves like

P
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B. Average velocity, Most probable velocity and Root mean squay,
velocity of gaseoys molecule. s
The molecules in a gas are moving very fastin a strm.glht lineg

at random frequently colliding with each other. Their velocities are, |
therefore, constantly changing. For a quantitative description of the
behavior of gas we make use of three different kinds of moleculay

velocities,

(1). Average velocrty (u )

(2). Most probable velocity (up)

'(3)- Root mean square velocrty (RMS velocity ¢ or \/ uz)

‘(1) Average velocity (u ) |
It is defined’ as the average of various velocity possessed by
~ the molecule at any given temperature It is obtained by dividing the

speed of all the molecule by the tota] number of molecule. It is

denoted by R L o .
3 ' -w"'r’é‘_'r v b .~y N T ” ' b
u e Pl V0 i VTN NP + u
| N, =
f o I'
Thus average velocrty U = /8RT

(2) Most probable veloclty (u p)

number of molecules of the gas.




5
AT - V2RT
 Root mean square velgcj :
city (RMS velocity ) ¢ or \/;;

|the velocities of the

Let u,,u '
2 u - e e - - iy
; y U3 u, be the velocities of various

dividual of a gas,

¥ = \/El'*‘uz'*‘ Uy +-- - -+ u,
N
Then
c = V3RT
M
Y

Relatlonship between Uu,U,,C
Mathematical expressions have been derived for the above

three typcs' of velocities relating them with molar mass and

temperature of gas molecules. .

P

| . : \ 8RT (1)
Thus average ‘.":lomtb_’ ! M SRS WU
Hersps (p SRR T : = '\/EI—{T | '__.__--._-(2) |
Most probable velocltY g Hp : M =
| s B AT ART. e =Sr—A3):
| Root mean Squafﬁ V‘ﬂomty M ‘ :
tion (1) bY (3)

Dividing ¢4 . ‘116 P

AR e BT [ g N S S



For an ideal gas obeying Boyle's law, it will be a rectangu]ar

hola-as shown in fig

Pel'

Vv

adrew's work on the isotherms of carbon dmx1de

Andrew studied the effect of pressure on the volume of carbon

oxide at various constant temperature: Andrew's apparatus consists

'two simila.rgradtiated' glass tubes mounted side by side. One end of

tubes was sealed, while the other end was kept 0

5 Was enclosed and in the other tube air was €
r cylinders

e glass pen. In one

be, dry CO

rve as the refer
hich"were connected together and filled with water.

ere provided

nclosed to

ence. These tubes were “mounted in coppe
The cy]mders

with screw plungers. By means of these’ screw

urigers pressure could be varied. The whole apparatus was kept in a

onstant temperature bath.

" Andrew “applied 'various pressures
erature.’ Tn each case he noted down ‘the

by means of the screw

nluxig‘eré at ‘constant ' temp
orrcsponding volume of carbon “dioxide at that temperature. The’
ressure apphed was

sther tube. This procedurc was repe

found out from the volume of air present m the

ated for various tempcratures by

18




- Changing the temperature of the bath. The volumes of carbon d}%
at different pressure and various constant temperalires were pkw

by Andrew. He obtained a series of isothermal curves as shown ; s ﬁ& i

— — — —

_—-‘—-——-—4——-———
T D e —— S Se— — —  C— — — m—
T — — — — — — — R S S— —

Diécussion of the results
At high temperature 100°C, the curve LM is rectanguls |

§

hyperbohc as required by Boyle's law for an ideal gas.
At 13.1°C the isotherm ABCD is obtained. The pomt A represents §

carbon dioxide in the.gaseous state occupying a certain volume under

‘a certain pressure. On increasing the pressure there is a gradual |
decrease i in volume as indicated by the curve AB shows the effect of 1
pressure on the volume of carbon dioxide gas. At the point B, thegas |
begms‘to liquefy. As liquefaction continues, there is a rapid decrease
in the VOltrrn;a as indicated by, the line BC. e

A



gt of the Siaw ¥ 18 6 V) tw
, yery gt ST 1

The very nearly horyma)
A cpormous decreass in volume even for 4
At the point C, the Yiguetaction i AN
As Viguids are only £ ghtly commpressitie, 457 furthes

o pressure,
o Hrea~

in pressure al the point € results i 4 VEry sl denresst i YOARHAE
i is clearly seen from the steep fine CD /1ich ¢ st identicdl,
{ . Thus, along the curve A8, 0, exists 25 2y and dhong e

wurve CD, it exists a8 a liquid wherens along the horinomtzl Yine B
hoth gas and Tiguid coexist. ,

 AL21.17°C the fsotherm obtained namely FFGH i sirrilzr 10

ABCD, However, the fiquefaction beging ot 4 Higher pressure znd the
horizontal portion FG is smaller than BC., |

 Thus at still higher temperature, the horizontza] portion of the

ler and smaller. At 31.1°C, in the isotherm

. curve . begomes smal
| horizomalpoﬂianha&bmrcdwcdjmwa

120
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<

TR, At this point J, the distinction between gas and liquid {g 1o, 1

"e;

and CO; exists in a state called critical state wh_erf{ the gas passes intg
the liquid state indistinguishably (continuity of state). This point T
known gas critical point and the isotherm IJK is termed Criticq)

1

lemperature isotherm . This phenomenon of the smooth merging of ,
gas into its liquid state is called the critical phenomenon. - .
Above 31.1°C the isotherms obtained resemble the ideal gas i
isotherm. They do not have even a trace of the ﬁorizontal portion. It 1f
shows that if the temperature is above 31.1°C, it will not be possible. f
to liquefy carbon dioxide however high the applied pressure may be. 3; ‘
~ Similarly, it has been shown that for other gases also there is a. |

limit of temperature above which they can not be liquefied by mere'

*

application of pressure however great the pressure may be. This!
limiting temperature is called the critical temperature. iy
Thus the critical temperature of carbon dioxide is 31.1°C at or |
below which only it can be liquefied by applying enough pressure, *" |
On joining the'ends of the horizontal portions of the isotherms - :
and the critical pointJ, a bbunda;'y‘cuwe CGJFB represented by the’
-dotted line is got. Within the area of the boundary curve both liquid’
and ‘gas can co-exist -Wﬁereés outside: this area either liquid or gas
alone’can exist;: ity f.i2n e kit i Le werpolh SU3ES
 Thus, Andrew's experiments have shown tht the ‘oritical’
emperature is the lower limit to the' gaseous state and the upper limit |
o'the liquid state. The change from the liquid to gaseous state or vice

raegn: °f |

e e ol

|




L"‘ iakes place continu()usl T

F Y. So L
;,,‘:3’ . 4 thc Ii . Ak L gy ¢ ‘
. %{muous and not abrupt. quldandgam“s Bt téx fie 1
| ;;;}Z“-ﬂefacﬁon of gases, . _ .

¥ fa gas closer, this may also be

-gi?;lpf“l in converting a gas intq the liq

i | uid state. Hence a o
| tiquefied by cooli | S5y
hq X ng and Compressing,

:

The two essenti iti -
ential conditions required for the liquefaction of

ses are

). Low temperature, (ii). High pressure

|  Liquefaction of gases started in 1823, when Faraday
;ucceeded in lique-fying chlorine, sulphur dioxide, hydrogen chloride
md-ammonia etc., by applying pressure and cooling, He failed to
quuefy nitrogen, hydrogen, oxygen etc.,, and hence called them

permanent gase's.- |
The recent methods used for liquefying gases make use as the

X

fllowing principles.
(i). Joule Thomson effect
(ii). Adiabatic expansion
(iii). Adiabatic demagnetization.

i

" '__:'122



Joule Thmmmn effeet,

When g highly compressed gas at a Certain . temperature s
allowed to expand through a porous plug or a small onifice the |

Rmperature falls. This cooling effect on expansion is known  as Joule
- Thomson eftect.

Linde's method.

This method makes use of Joule — Thomson effect and i 18 u\‘N
to liquefy mr Or any other gas. Pure air or any gas is firs nmnprc\\mi ?

to about 200 atmosphere and is allowed to enter the inner tube of |

the concentric pipes to expand suddenly into the wider chamber. ,'

Refrigerating
< Liquid

Expansion
Chamber

Spiral
— Tube

The gas gets cooled and its pressure is reduced to gbout |
atmosphere. The gas is now

allowed to pass through the outer e



4 |
il
W
Pl |
(] !
N |
I |

|

- The gas gets cooled and its pressure

A

;:erosphere The gas is now allowed to pass

A

is reduced to about 5()

through the, outer tube,

,;;.;:*Ai this stage the i 1ncommg gas is cooled by the outgoing gas Further
- cooling of the inc

él

oming gas occurs during expansion in the expansion
chamber , |

"The ‘cooled gas is again compressed and is sent in. By

g-;repeatmg the process of cooling and compression the . gas
1liquefi

is
ed and finally the hquld drops out from the jet into
{chamber C. :

Claude’s Process

: This process is based on both Joule-Thomson . effect and .
|adiabatic expansion:sIn this method compressed air is allowed to do
, mechanical work of expansion. This work is-done at the expense of
‘ the kinetic energy of the gas and hence a fall of temperature is noted.
ThlS prmcrplc rs utlhzed in Claude S process of liquefaction of air.

i Air compressed to about 200 atmosphere passes through the prpe A

part of a1r goes down the splral towards the jet and a part of the air

; is led mto the cylmder provrded wrth an air ﬁght piston. Here the air

_ whlch consrderable coolmg is produced The cooled air passes up the .,
;;llquefylng chamber durmg whrch process it cools the portlon of the.
mcormng compressed alr The well cooled mcommg compressed arr
‘. then expenence Joule —Thomson expansron when passed through Jet'
‘and gets cooled further. The above processes take place agam and

again till the air is l_l_qucﬁ.,ed-‘__ o
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Adlabatlc demagnetlzatlon method.
P Debye and W. F. Gtauque suggested this method based on
experimental results. In thls method demagnetlzatlon of a magnetic

substance IS brought about under ‘adiabatic condltlons When it 1s

N et Wﬂ

demagnetlzed extemal work is done by it and the temperature falls.
This method = works well at low temperature. In actual practice the
substance is first cooled'and then adiabatic demagnetized is effected.
The lowest temperature which could be obtained by this method isof |
the order of IOK This method is used in the hquefactlon of

" gases AL R L i ?
lnversmn temperature. , Sl i ek
| Expemnents show that the eoollng oceurs only 1f gas 15§
allowed to expand below a certain. temperature. This temperaturc 15"
| 195 B




C ritica] ‘Temperatn-re.

Hhe Maximum temperature at which a gas can be liquefied is

called the critjcq temperature. At any temperature above the critical

'tempera!tu_m the gas can not. be liquefied no matter how much
Pressure is applied. —

"Critical Pressure

The pressure required to liquefy a gas. at critical

temperature is called critical pressure. - |

Critical volume e 1 g |

_The volume ‘occ‘upied_ by 1 mole of a gas at a critical

temperature and under critical pressure is called critical volume.
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CHAPTER 1V
THERMODYNAMICS

1.1 Thermodynamic Variables (or) Properties

Intensive and Extensive properties
Properties whose values do not depend on the amount of the

material present in the system are called intensive properties.
Examples: Density, surface tension, specific gravity, pressure,
temperature, boiling point, melting point, refractive index, viscosity,
molar volume etc.

Properties whose values depend on the amount of material
present in the system are called extensive properties. Ex.: volume,
number of moles, mass, free energy, entropy, heat capacity etc.
State functions and Path functions

The variables which are determined by the initial and final
states of the system are called the state functions. The examples are

internal energy, entropy, free energy and enthalpy.
The variables which depend upon the path followed in

transferring from the initial state to the final state are called the path

functions. Examples are heat and work.

System and Surrounding
A system is defined as any particular part of the universe about

which we are interested. The rest of the universe is called
Surrounding. There are different types of system, viz., isolated,

closed, and open systems.
i) Isolated system: A system which can exchange neither energy

nor matter with its surrounding is called an isolated system.

Example: Water contained in-an insulated closed vessel.




ii) Closed system: A system which can exchange energy but n,
matter with its surrounding is called a closed system. Example,
Water contained in a closed but not insulated vessel.

iii) Open system: A system which can exchange both matter an

energy with its surrounding is called an open systém. Example.

Water taken in an open beaker.
1.2 Thermodynamic Processes

‘Cyclic process a1
When a system after completing a series of changes returns tq

its original state, it is said to have completed a cycle. Such a procegs
is known as a cyclic process.
Reversible process

A thermodynamically reversible process is a process which is
carried out infinitesimally slowly so that the driving.force is only
infinitesimally greater than the opposing force. In other words, a
reversible process is a process in which the direction of the process
can be reversed at any step by an infinitesimally small change in
temperature or pressure.
The following are the conditions for reversibility:

i) There should be equilibrium at every intermediate stage of
the process.

ii) The process should be capable of proceeding in both
directions. |

iii) The process should take place very slowly.

iv) The initial state of process should be attainable back without
any permanent effect on the surroundiﬁg.

“Irreversible process
An irreversible process is 3 Spontaneous process and it proceeds
in_only one direction. All naturg| Processes are irreversible. An



irreversible process doaes not consist of an infinite series  of
Infinitesimally  small steps which can be reversed from one
equllibrium state to another,
Isothermal process

A process In which the temperature remains  constant
throughout the course s sald to be Isothermal. For an Isothermal
process, the change In the internal energy of the system, AE is zero,
The amount of heat absorbed by the system Is completely converted
in to work. It Is possible only when there is transfer of heat from
system to surrounding and vice versa, Example: An exothermic
reaction gives out Its energy to the surroundings so that the
temperature of the system remains constant,
Adlabatic process

A process which Is carried out in an insulated system is known
as an adiabatic process. In this process no heat can leave or enter
the system from the surrounding. The temperature of the system
decreases during the process. The work done for the process is equﬂal
to the decrease in the internal energy of the system. i.e., W = —=AE.
Isobaric process |

If the pressure of the system remains unchanged during a
process, it is said to be an isobaric process.
Isochoric process ,

If the volume of the system remains unchanged during a
process, it is said to be an isochoric process.

Spontaneous process :
If a process occurs on its own accord, it is said to be a

spontaneous process. Many of the spontaneous processes are
natural processes and also irreversible. Example: heat flow from a
“hot end to a cold end. |




Non-spontaneous process S ipiFta b
If 8 process does not occur on s own accord, it Is sald to be 5

NON-SPONLANEOUS Process,

1.3 Laws of Thermodynamics

1) Zeroth law of thermodynamics
Zeroth law of thermodynamics states that when two bodjes

have equality of temperature with a third body, they in turn have an

equality of temperature with each other,
This law has introduced the concept of temperature, The

relation between centigrade scale (°C) and absolute scale (K) js T = ¢

+273.15
Zeroth law does not need any further experiments on its

support since it logically precedes the first and the second law of

thermodynamics.

2) First law of thermodynamics
The various statements of the first law are:
i) The energy can neither be created nor destroyed.

if) Energy may change from one form into another form and the
total energy of an isolated system always remains unchanged.
Therefore, the First law is also known as law of conservation of
energy.

iii) It is impossible to construct a perpetual motion engine.

iv) Whenever a quantity of one kind of energy is produced, an
- exactly equivalent amount of another kind must be used.

‘Mathematical statement of this law is given as:
AE=q+W

where, AE is the change in energy of a system, g is the quantity of
heat and W is the work done.



If the work is done by the surrounding on the system (compression)
W is positive, so that

' AE=q+W = q+PAV
If the work is done by the system on the surrounding (expansioh), W
is negative, so that

AE=q—W =q— PAV

AV lis the change in volume.

Internal Energy
~ Every substance is associated with a certain amount of energy

known as internal energy (E). The internal energy is the sum of
internal potential energy and internal kinetic energy. It varies with
temperature, volume, pressure, and chemical composition. The

chénge in the internal energy is given by AE = E;— E; where E;and E;

= are the internal energies of a system in the initial and final state

respectively. Therefore it is a state function.
According to first law of thermodynamics, AE = Q — W where Q
is the heat change and W is the work done and equal to PAV.
Therefore, AiE = Q- PAV .
At constant volume, PAV = 0 and hence AEy=Qy
That is, at constant volume, change in internal energy is equal to
c'hange in heat content of the 'system in going from reactant state to -

product state.

Enthalpy |
' Thermal changes at constant pressure are expressed in terms of

enthalpy or heat content of the system. The enthalpy is defined as
sum of internal energy and PV. i.e.,
H=E+PV |




nd concentration,
It is a state function. It varies with P, V,Ta

AH Hp HH i
ctants and products
Hr and H, are the enthalpies of the e (ni ial

and final state) of the system, respectively:

Relation between AH and AE
Enthalpy change at constant pressure is AH and entha,py

change at constant volume is AE. considering the enthalpy at initja)

state (H,) and final state (H,),
AH = H; - H;
We know
Hi=E; + PV,
H, = E; + PV,
Therefore,
AH = (E; + P,V,) —( Ey + Py V))
= (Ez —Ey) + PV, = P4V
=AE + PV, - P1V;
At constant pressure, P, = Py =P and (V, - V,) = AV
AH = AE + PAV __
Putting the initial and final states as reactants and products,
respectivély, |
PAV = npRT ~ ngRT = (np —ng)RT
PAV = An, RT
Therefore, AH = AE + An, RT

g [ number qf molesof ) (number of moles of
¢ gaseous products gaseous reactants

Endothermic and exothermic reactions
In an exothermic reaction, H, < H,



e

Thatis,  AH = Hp—Hg < 0 (negative)
In an endothermic reaction, Hp > Hp
Thatis, = AH=Hp,—Hg > 0 (positive)

For example,
C(s) + H,0(g) = CO(g) + Ha(g)  (AH =+131.4 ki/mol)

As AH is positive, this reaction is endothermic in nature.

Sign conventions of AE, AH and W
Heat is absorbed by the system, AH is positive

Heat is given out by the system, AH is negative

Energy is absorbed by the system, AE is positive

Energy is given out by the system, AE is nggative

Work is done on the system, W is positive

Work is done by the system, W is negative
Physical significance of enthalpy

Every substance or system has some definite energy. This
energy stored within the substance available for conversion into heat
is called the heat content or enthalpy. Absolute value of en"chalpy
cannot be measured, but in thermodynamics, change in enthalpy can
‘be measured experimentally. '

A positive enthalpy change indicates that the change
(reaction) is enddthermic and a negative enthalpy change indicates
that the change is exothermic.

Molar heat capacity (C) :

Cr is the molar heat capacity of a gas at constant pressure and it
can be defined as the amount of heat required to raise the
temperatgre of one mole of the gas at constant pressure through |

one degree.



.

be defined as the amou
at constant volume through one degree.

nt of heat required to raise the temperatyrq

of one mole of the gas

C —@—:&:(?—E“)
V-=ar dr \oT)y

Or, it can be written as
dH=CpdT=Cp (T2 —T1)
dE=CydT = Cy (T2~ Ta)

Relation between Cp and Cv

We know that

CP = 'C:i_f;_ ) and CV = %
For one mole of an ideal gas, |
H=E+PV and PV =RT
Therefore, H=E+RT '

Differentiating with time,
dH _ dE +R d_T
dr drT dr

Thus.

CP=CV+R (or), CP_CV =R
Limitations of First law of thermodynamics :
® The first law indicates that there is a transformation
between different forms of energy, but it does not give out

any information about the feasibility of
transformations.

such
®

The first law does not provide any information whether the
process is spontaneous or not.



* The first law states that the work obtained is equivalent to
heat absorbed, but it gives no information regarding the
conditions under which a conversion is possible, that is, the
first law does not specify the conditions or the controlling

factors.

3) Second Law of Thermodynamics
Statements:

1) All spontaneous processes like the flow of heat from hot end
to cold end, diffusion of gas from high pressure to low pressure, the
flow of water down a hill, etc. are irreversible

2) It is impossible ‘to convert all heat completely into work and
some heat must be lost sofnewhere.

- 3) All reversible heat engines working between the given two
temperatures will have the same efficiency.

4) Planck’s statement: It is impossible to construct a machine
working in cycles which can convert heat completely into equivalent
amount of work without producing changes elsewhere.

5) Classius statement: Without the use of external agency, heat
cannot ifself pass from a cold body to a hc;t body..

6) In a reversible process the entropy changes of the system and
the éurrounding taken together remains constant (AS =, 0). A
reversible process that involves no change in entropy (AS = 0) does
not proceed on its own accord and is termed as a non-spontaneous
proqeés. In an irreversible process it increases (AS > 0). Th_at is, a
proceés acco‘mpanied by an increase in entropy (AS > 0) tends to be a
spontaneous process. A process which proceeds on its own accord,

without any outside assistance is termed as a spontaneous or natural
process. ‘



7) In a reversible (non-spontaneous) process the free energy
change (AG) of the system and surrounding taken together remaing

constant. In an irreversible (spontaneous) process, it decreases, ie.

AG<0.
Combined form of First and Second laws

dq = dE + PdV (Ilaw)

7dS = dq - I law)
Therefore, |

1dS = dE + PdV - (Tand II laws combined)

Criteria of spontaneity ;
i) A spontaneous change is one way and for a reverse change to

" occur, work has to be done.

ii) A spontaneous process may take place very rapidly or very
slowly. '

iii) A spontaneous change is accompanied by a decrease of
internal energy and enthalpy. It implies that only such processes
which are exothermic will occur.

iv) For any spontaneous process it is possible to devise 3
machine by which we can obtain useful work.

v) The force which is responsible for the spontaneity of a
process is called the driving force.

- vi) A minimum energy is required for spontaneity.-

For an mfmntesnmal small change, the condition for spontaneity
can be written as

as system T as surrounding = 20 ' (1)

Where the sign >’ stands for irreversible (or) spontaneous (or)
feasible process and the sign ‘=

* for reversible (or) non-spontaneous
(or) equilibrium process.
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The various criteria may be deduced as under:

We know,
. dqrev ding | h
dS surrounding = = (surrounding loses heat)
_(dE + PdV)

= = (-Ilaw)  (2)

From eq. (1)
s sysiem 20— dS

suwrrounding

Substituting eq. (2)
TdS > dE + PdV (3)

Eq. (3) is also the basic one for predicting the feasibility of a process.
In this equation, >’ stands for spontaneous (irreversible) and ‘=" for
non-spontaneous (reversible) process.
Case (i) - In terms of entropy change:
If the internal energy and volume of the system are kept constant
(thatis, dE =0 and dV =0), eq. (3) becomes

(TdS)gy 20

-where ‘>’ stands for irreversible and ‘=’ for reversible process. That
“is, if the entropy change is positive (entropy increases during the
process), the change is spontaneous. And, if the entropy change is
zero (entropy remains constant during the process), the change is
revérsible; | ' 1
Case (ii) — In terms of internal enérgy change (dS =0)
U (dE)sy <0 ' (5)
This -irhplies that under constant entropy, if the volume change is

accompanied by a decrease of internal energy, the process is



ot change, the proce.. .
irreversible. If the internal energy does N ’ Proces; is

reversible.
Case (iii) - In terms of enthalpy
H=E+PV
dH = dE + PdV +VdP
dH —VdP = dE + PdV (6)
Comparing egs. (3) and (6),
TdS > dH — VdP
If dS =0 and dP =0, then
(dH)s,p <0 7)

where ‘<’ stands for irreversible and ‘=" for reversible process, Th;
is, if the enthalpy change is negative (enthalpy decreases during the
process), the change is spontaneous. And, if the enthalpy change is
zero (enthalpy remains constant during the process), the change is
reversible.
Case (iv) - In terms of free energy

G=H-TS

G=E+ PV -TS _

dG = dE + PdV +VdP — TdS — SdT

dE + PdV =dG —VdP + TdS + S4T (8)

Comparing egs. (3) and (8),

TdS 2 dG - VAP + TdS + SdT

02dG —VdP + SdT

At constant pressure and temp.eratyre,
(dG)pr <0



the process), the change is spontaneous. And, if the free energy
change is zero (free energy remains constant during the process), the
change is reversible and said to be in equilibrium. If the free energy

change is positive (free energy increases during the process), the

change is not feasible.

Heat engine
A machine which can do work by heat that flows out

spontaneously from a high temperature source to a low temperature

sink is called a heat engine.
The efficiency of the heat engine depends upon the

temperature of the source and sink. It does not depend upon the

working substance and design of the engine.

4 T, -1
Efficiency = 0 =( 2T )
2

where W is the total work done by

engine and Q is amount heat absorbed in the first step. Tand T, are
the temperatures of source and sink respectively.
- Entropy

Entropy (S) refers to disorderliness of a system. The change of
entropy (AS) pf the system is defined as the integral of all terms

involving heat change (q) divided by the absolute temperature

during the process. i.e., AS=| q;,,,

For an engine working irreversibly, the efficiency is less than

one. There in a reversible cycle, the su_m of (qrev; T) terms is less than

zero.

[jQrev <0

i‘ e.’ T



Unit of entropy: cal /deg (or) eu (entropy unit) or Joules per Kelvin,
Entropy change for an ideal gas under different conditions
We know

TdS = dE + Pdy
For 1 mole of an ideal gas, the equation becomes

(. Cy -4 and PV = RT)
dT

given as
Sz Tsz lde
JdS=cC [—+Rr T4
S VTI T II V
T.

T, Z (10)
Eq. (10) can be written as

T. 7, P
AS=(Cp-R)In-2+RIm221 .
That is

Case (i) - Isothermal (T; = T2)

Eqg. (11) becomes

A _rinl2
(AS)r = Rln—ﬁ;—Rln VI




REACTION KINETICS

Chemical Kinetics deals with the study of rates of chemical

reactions and with the description of the mechanism by which the
reactions proceed.

2.1 Concept of reaction rate

In a reaction as of given below

T ————



Rate law and rate equation

Rate law states that the rate of a reaction is direct|
proportional to the active mass (concentration) of the reactants, r,

the simple reaction A+ B - C+ D, the rate law can be depicted as

Rate = -4 . L)
dt

o, - _yap
dt

This is the rate equation, where k is called the rate constant.

For example, N, + 3H; === 2NH,

d[N
The rate law is written as: Rate = - [V5]

dt

[N, ][H, ]

The rate equation is written as: __dlg_’gl = k[N, |[H 9 ]3
!

It must be noted that the form of rate law cannot be deduced from
the stoichiometric equation, but be decided b

Y experiment, For
example,

2NO(g) + 2Hy(g) =—— Na(g) + 2H,0

d[NO]

Rate =-==2 « [NOP 1, ]

d[NO] |
T =HNOP

Types of chemical reactions

1. lonic reactions: Reactions between ions

AgNO; + Nac| —> AgCl{ + NaNO,

g an (e Y

o, : R ' ‘




2. Molecular reactions: Reactions between molecules

N; + 3H; === 2NH;

H*
Ci1oH25011 + H;O0 ——> CgH 1206 + CgH120g

2.2 Factors influencing reaction rates

Factors that influence the reaction rates of chemical

reactions include the concentration of reactants, temperature, the

physical state of reactants, and their dispersion, the solvent and the
presence of a catalyst.

i) Concentration effects

Increase of concentration of a reactant provides more
reactant particles and as a result, the number of particles that collide

per unit time increases. The reaction rate usually increases as the
concentration of the reactants increases.

ii) Temperature effects

Increasing the temperature of a system increases the
average kinetic energy of its constituent particles. As a result, the
particle move faster, possess greater energy and collide more
frequently per unit time. Hence, the reaction rate of virtually all
reactions increases with increasing temperature. Conversely, the
reaction rate decreases with decreasing temperature. For example,

refrigeration decreases the rate of biochemical reactions in bacteria

and hence retards their rate of growth in foods.

Increase of temperature in some reactions produces
different products. For example,




0
2CHCH,OH —1250u 1007C ey ey 0CH,CH, + H,0

0
CHyCH,0H  —f2804, 1807C - b 1o

fii) Phase and Surface Area effects

If the reactants are uniformly dispersed in 3 single
homogeneous solution, the reaction rate depends on concentration
and temperature. If the reaction is heterogeneous, however, the
reactants are in two different phases, the collisions between the
reactants can occur only at interfaces between phases, Hence, the
reaction is substantially reduced. Thus, the reaction rate of
heterogeneous reaction depends on the surface area of the more
condensed phase.

For example, in automobile engines, the gasoline is injected
in the form of microscopic droplets because in that form it has a
much larger surface area and can burn much more rapidly; than if it
were fed into the cylinder as a stream. Similarly, a pile of finely
divided flour burns slowly (or not at all), but spraying finely divided

flour into a flame produces a vigourous reaction.

iv) Solvent effects
The nature of solvent can also affect the reaction rates of

solute particles.
For example, the reaction between sodium acetate and

methyl iodide
CH3CO;Na(oin) + CHalyy — CH3CO,CH; (1) + Nal(soin)
This reaction is 10000 times faster in dimethylformamide (DMF;

dielectric constant = 36.7) than in methanol (dielectric constant =

¢

g




32.6). The hydrogen bonding ability of methanol reduces the
reactivity of the oxygen atoms in sodium acetate.
Solvent viscosity is also important in determining reaction

rates. The reaction rates of most reactions decrease rapidly with

increasing solvent viscosity.

v) Catalyst effects
A catalyst is a substance that participates in a chemical

reaction and increases the reaction rate without undergoing a net
chemical change itself. Therefore, the catalyzed reactions proceed
much faster than the corresponding uncatalyzed reactions. Also,

catalysts favour the formation of a particular product in some

reactions.
There are also some substances which, when added to the

reaction mixture, decreases the reaction rates. These substances are

known as negative catalysts or inhibitors.

2.3 Molecularity and Order of reactions

Molecularity: The minimum number of molecules of the
same or different reactants involved in a chemical reaction is called
the molecularity of the reaction. It can be known from the
stoichiometry of the reaction.

A - product(s) — Molecularity is one; unimolecular.

A+ B - product(s) — Molecularity is two; bimolecular.

RCl + H,0 - ROH + HCl — Molecularity is two; bimolecular.

A+ B + C - product(s) —Molecularity is three; termolecular
A+2B—>C+D — Molecularity is three; termolecular
RCOOR’ + H,0 + H30" > RCOOH + R'OH + H;0" — Molecularity s

one; Pseudo unimolecular




Order: The number of atoms or molecules of the reactangs
whose concentrations determine the rate (or) the sum of power of
the concentration terms that appear in the rate equation js Calleg

the order of the reaction.

d[x]

For a rate law —— = k, order is zero (zero-order reaction)
dt

d[x]

For a rate law —— = k[ A], order is one (First-order reaction)
df

Fora rate law 91X _ k[A]?, order is 2 (second-order reaction)
dr

For a rate law (—JLE,L] =k[A][B]., order is 2.
{

For the reaction 2NO + 2H, > N> + 2H,0, order seems to he

four, but actually it is three as is evident from the rate law is

-
—_

—
pum—

7 k[NO]z[H 1] Therefore, order is an experimental quantity.
Problem 2.1: Determine the order with respect to each species and
overall order of the following reactions.

i) 2HCrO,” + 61 ™ + 14H* > .2Cr3+ +31,+8H,0
Therate lawis Rate= k[]‘;TCJr'Oé,_][[_]Z[H'*]2
First order with respect to HCrO,

Second order with respectto I”

Second order with respect to H'

The overall orderis1+2 + 9 = 5




Il) H,0, + 21 + 2H* - 1,+2H,0

The rate lawis Rafe =k[H,0,][1 ]

First order with respect to H,0,

First order with respectto I

Zero order with respect to H'

The overall orderis1+2=3

Differences between order and molecularity

Order

Molecularity

corresponds to number of molecules
taking part in the rate-determining

step of the reaction.

corresponds to the number of
molecules taking part in the

stoichiometry of the reaction.

is equal to the sum of powers of the
concentration terms in the rate

equation

is equal to the number of
molecules which take part in a

single step chemical reaction

is an experimental quantity; can’t be
known without arriving at the rate

law.

be known from the

stoichiometry of the reaction.

can

can be a whole or fractional number,

even zero

can be a whole number only

and can never be zero

mechanism cannot be known from

order of a reaction

mechanism can be known from

molecularity of a reaction

Pseudo unimolecular reaction

The acid hydrolysis of ester involves reaction between one

ester molecule and one water molecule and it seems to be a

bimolecular reaction.




" + R’OH + H;0"

As water is present in large excess in the reacti(‘)n mix'tu're, Chang |
its concentration during the course of reaction is negligible. The
of this reaction depends only on the concentration of ester and doe
not depend on the concentration of water. Therefore, this reaction

called a pseudo unimolecular reaction.

In general, reactions in which one of two reactants (A and
is present in large excess ([A] >> [B]) follows first-order kinetics wit

respect to B, and is considered as pseudo unimolecular reactions.

2.4 Derivation of rate constant
A) First-order reactions
In a reaction of first-order, only one molecule reacts to give
the product(s).
A — Product(s)
Let @ be the number of moles of A at time zero, x be the number of

moles of product formed after a time, t sec. Therefore the number of
moles of A remaining unreacted at time t secis (a - x).
According to Law of mass action,

dx
RG(EZ-—c}{—:k[A]:k(a__x)

Rearranging,

(a—x)

=kd
’ (1)

On integration,
[ dx

(a—-x)

=k [di

e ——



~In(@=-x)=kt+C (2)
where C is the integration constant. The value of C is found as:
At t =0, x=0 and therefore (a—x) = a; Equation (2) becomes
~lna=C

substituting this value in equation (2), we get
~In(@—x)=kt—Ina

Ina—In(la—x) =kt

Converting to logarithm

_ 2.303 log a . (3)
! a—Xx

k

Equation (3) is the rate expression for a first-order reaction.

The unit for first-order rate constant can be shown as

2.303., molllit 1
k = log = sec
sec mol / lit

Half-life period
The time required to reduce the concentration of a reactant

to half of its initial value is known as the half-change time or half-life
period (t12).
- That s, at iz, (@—x) =a/2

Equation (3) is written as



2303 a

k lo
ly2 3 al?2
2.303
hia = p log?2
. _2303x03010 _ 0.693
1/2 = p e

Thus, the half-life period of a first-order reaction is independep, o

initial concentration of the reactant.
Determination by graphical method

The first-order rate constant expression is

I = 2.303 lo a
{ a—x
On rearranging,
iog a__ k ,
a—x 2303

k=2303x slope

f
A _graph is plotted between log—— ang t and a straight line
passing through origin Is obtained. The slope is equal to k/2.303.
Therefore, ‘ |

k= 2.303 x Slope



Examples for first-order reactions

i) Dehydration of oxalic acid

. (COOH); —— CO +CO, + H,0

This reaction can be followed by finding out the concentration of
oxalic acid at definite interval of time by titrating a small of volume
of the reaction mixture against standardized KMnO,. The volume of

KMnO, used for each titration is directly prbportion‘al to (a - x).
ii) Decomposition of H,0,
2H,0, = 2H,0 + 0, (H,0, = H,0 + O (slow); O + O - O, (fast))

“This reaction is followed by titrating equal volume of H,0, against
anO4 at definite interval of time. The titre value is proportional to

(a—x).
iii) Inversion of cane sugar .
CioH2011 + H20 > C5H1206 (glucose) + CgH1,06 (fructose)

This reaction is a pseudo unimolecular reaction and obeys first-order
kinetics. It is followed by measuring the change in optical rotation _c)iz

the reaction mixture by polarimetry.

B) Second-order reactions

i) When bdth the reactants are of same concentration
A % i B 3.+ Productss

attime0  a i s |

attimet a-x a=x



2.303 a

k= log—r=
fug ht‘?/?.
-I. 3
rwz "--'-'-'230 l()g?-

2.303x0.3010 0.693
iz = P e

Thus, the half-life period of a first-order reaction is independent of

initial concentration of the reactant.
~ Determination by graphical method

The first-order rate constant expression is

2.303 a
k= log
! a—X
On rearranging,
a k |
log = { e
a-x 2303 |
k=2303 x slope f
log 4
a—-x ¢
b
L:. g
i
A graph is plotted between IOg--___a ;
—,and t and 3 straight line é
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4.3 Adsorption %Q(_ﬁ Pw nd ST A

When a finely divided solid is stirred into a dilute solution of a

dye, the depth of colour i the solution is much decreased. If a finely

divided solid is exposed to a gas at low pressure, the pressure

decreases noticeably. The dye or gas is adsorbed on the surface.

- Adsorption is the process in which the molecules, atoms (or)
jonic species of a substance get attached to the surface of another.

Example: Ammonia is adsorbed on charcoal. Here, ammonia is

known as the adsorbate and charcoal as absorbent. The

phenomenon of adsorption is known as surface phenomena.

Adsorption and Free Energy Relation

As a reésult 'of adsorption there is a decreése in the residual force
acting along the surface of the adsorbate. Consequently, there is a

decrease of surface energy WhICh appears as heat. The adsorption is

. accompanied _by_ the evolution of heat. The amount of heat evolved )
, 'wh‘en one mole ofa gas (or) a vapour is adsorbed on a solid is known .
- as molar heat of adsorption. e

The AH for this process is negative since the state of adsorbate

Bets changed from more random gaseous state to less random

adsorbed state on -the surface of the solid. The adsorption is also

: accqmp'a'nied by decreaée of entropy of fhe"SVstenﬁ. We know that



AG = AH—TAS
s are both negative,

per molecule of th

| to TAS.

-

Since AH and A

heat of adsorption

e, AG should also be Negat,
&)

e adsorbate goes o degy
ea

.-...o
i .nqw,".\. . e - o

and AH becomes equd
AH =TAS ie. AG=0 -

This is the state at which the equullbrlum is es‘ta- ished.

4.1.1 Types of adsorption

There are two types of ad
(or) physisorption and (ii) Chemical adsorption (or) Chemisorptmn. "

i ey

sorption, viz., i) Physical adsOrpﬁ?
f

Vi

The two types of adsorption differ upon the i"tETacti@;
between adsorbate and the adsorbent. If the adsorbate a4 thé
adsorbent are held together by means of van der Walls” forces, y,
this type of adsorption is known as Physisorption.

If the adsorption is by a chemical process (chemical interactip;
between the surface of the atom of the adsorbent -a|.1d the atomg

the adsorbate, then this type of adsorption is known &

Chemisorption.
Dbﬁ‘erences'between physisorption and chemisorption
Characteristics Physisorption Chemisorption
Nature of the Weak van der Strong van der Walls
operating force Walls forces forces
Occurrence At ordinary At high temperature
7 temperature
Heat of adsorption | Low High il
. # I _/
SpGCIﬁClty Non'SPECiﬁC nghly SpECiﬁc
Reversibilit ‘ ——
¥ Almost Completely | Irreversible :

reversible
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structure of the Multi-layers Monolayer
| adsorbed layer

when temperature | Adsorption Adsorption increases and

increases decreases then decreases

At the temperature of liquid nitrogen (~190 °C), nitrogen is
physically adsorbed on iron as nitrogen molecules. The amount of N;
‘adsorbed decreases with rise in teniperature. At room temperature
iron does not adsorb nitrogen at all. At high temperatures, ~500 °C,
ni%rogen is chemisorbed on the iron surface as nitrogen atoms.
4.1.2 Factors affecting adsorption
' The following are the factors which affect the adsorption,
(1) Nature of the adsorbate (gas) and adsorbent (solid)
(i) In general, easily liquefiable gases e.g., CO,, NHj3, Cl; and SO,
~ etc. are adsorbed to a greater extent than the elemental gases e.g.
- H,, 0,, N3, He etc. (while chemisorption is specific in nature.)
(ii) Porous and finely powdered solid e.g. charcoal, fullers earth,
- adsorb more as compared to the hard non-porous materials. Due to
- this property poWdered charcoal is used in gas masks.
(2) Surface area of the solid adsorbent
(i) The extent of adsorption depends directly upon the surface
area of the adsorbent, i.e. larger the surface area of the adsorbent,
- greater is the extent of adsorption. .
(ii) Surface area of a powdered solid adsorbent depends upon
- its particle size. Smaller the particle size, greater is its surface area.
(3) Effect of pressure on the adsorbate gas
(i) An increase. in the pressure of the adsorbate gas increases

the extent of adsorption.



Adsorption tands 10
o mrhnlﬂmvﬂm
ta ~N
g d adsorptionincyeases
« rapidiy the begireing
—Dressure —

adsorption increases rapidly with pressyrg
t of adsorption is found ¢, |

(ii) At low pressure,
(iii) Small range of pressure, che exten

be directly proportional to the pressure. |
(iv) At high pressure (closer to the saturation vapour pressure of |

the gas), the adsorption tends to achieve a limiting value.

(4) Effect of temperature

4 Jr ‘
i P - Constant 1 P - Constard
|
xfm| - xfm
_’I'unpaat.re—; ~ Temperabre—» »
Physical adscrption Cherical adsarption

(i) As adsorption is accompanied by evolution of heat, so
according to the Le-Chatelier's principle, the magnitude of

adsorption should decrease with rise in temperature.

(i) The relationship between the extent of adsorption and
temperature at any constant pressure is called adsorption isobar.

(iii) A physical adsorption isobar shows a decreasé in x/m'
(where ‘m’ is the mass of the adsorbent and ‘x’ that of adsorbate) as
the temperature rises. | |

(iv) The isobar of chemisorption shows an increase in the

beginning and then decrease as the temperature rises.



A plot of Iog% against log P should be a straight line with slope-l-

and intercept Jog K.
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4.1.3 Adsorption Isotherms

An adsorption isotherm is the relationship between the

pressure of a gas and the amount adsorbed on the adsorbent at
constant temperature.

1) Freundlich adsorption isotherm

s
'

The variation in the amount.of gas adsorbed per unit mass of

the adsorbent with pressure at constant temperature is given by the
expression -

X _gp/n
M

 where x is the mass of the gas adsorbed, M is the mass of the

adsorbent, P is the equilibrium pressure and K and n are the

constants which depend upon the nature of the adsorbate and

adsorbent and the temperature. Therefore,

x
logﬂ =logK +1logP

n

Experimental line Theoretical line

Z[n—>

[ i
log-% log

log P—» log P—»
It is found that the Freundlich adsorption isotherm is obeyed at
low pressures of the adsorbate and it fails if the concentration (or

_Pressure) of the adsorbate is too high.
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2.1 Concept of reaction rate

In a reaction as of given below

A + 3B 2C

One molecule of A and three molecules of B react in the forward
reaction to give two molecules of C. The molecules A and B are called
the reactants and the molecule C is called the product. Similarly, in
~ the backward reaction, two molecules of C decompose to give one

‘molecule of A and three molecules of B. In the forward reaction, as
the reaction proceeds, the concentration of the reactants (A and B)

decreases and that of the product (C) increases.

The rate or velocity of a reaction is defined as a very small
change in concentration of either the reactant or the product in a

very small interval of time. For the reaction given above,

Rate c_dL4] __1dIB] 1 ..
dt 3 dt 2

Rate has the unit, mol lit™* sec™? (or) mol dm™ sec’
'Rate of a reaction is not uniform throughout the reaction and

decreases exponentially with time.



Rate law and rate equation

rate of

ates that the

Rate law st ion) of the reactants Fo
" TQr

a reaction is direcu

: ‘ ntrat
proportional to the active mass (conce .
the simple reaction A+ B = C + D, the rate law can Picted 3¢

dlA] . 1 41[B]
Rate = i
or Al ]
’ dt |
This is the rate equation, where k is called the rate constant,
For example, Nz + 3H, 2NH3
' d[N,] 3
The rate law is written as: Rate = — PRk [Ny ][H,]
_ d[N 3
The rate equation is written as: — [dIZ] =k[N,][H,5]

It must be noted that the form of rate law cannot be deduced from

“the stoichiometric equation, but be decided by experiment. For
example,

'2NO(g) + 2H,(g) =—= N,(g) + 2H,0

Rate = - d[gt@] < [NOP[H,] -

d[NO] 1
“717“]=k[N0]2[H2]

Types of chemical reactions

1. lonic reactions: Reactions between ions

AgNO; + NaCl — AgCly, + NaNo,




2. Molecular reactions: Reactions between molecules

Nz + 3H,

2NH3

+
C12H3,041 + H,0 —]1—> CeH1206 + CgH120¢

2.2 Factors influencing reaction rates

Factors that influence the reaction rates of chemical
reactions include the concentration of reactants, temperature, the

physical state of reactants, and their dispersion, the solvent and the

presence of a catalyst.

i) Concentration effects

Increase of concentration of a reactant provides more
reactant particles and as a result, the number of particles that collide
per unit time increases. The reaction rate usually increases as the

concentration of the reactants increases.

i) Temperature effects

Increasing the temperature of a system increases the
average kinetic energy of ifs constituent particles. As a result, the
- particle move faSter, possess greater energy and collide more
frequently per unit time. Hence, the reaction rate of virtually all
<reactions increases with increasing temperature. Conversely, the
reaction rate decreases with decreasing temperature. For example,
| refrigeration' decreases the rate of biochemical reactions in bacteria

and hence retards their rate of growth in foods.

Increase of temperature in some reactions produces
different products. For example,



__f_fgé’Qi;.‘P.‘liC—» CH3CH20CH2CH3 + H,0
2CH;CH,0H

CH4CH,OH | HpS03,180°C_y CH, + HO
3 2

iii) Phase and Surface Area effects
mly dispersed in a3 Single

pends on cont:'é:ntratic,n

If the reactants are unifor
i ' te de
homogeneous solution, the reaction ra

. . e
and temperature. If the reaction 15 heterog 3 b
reactants are in two different phases, the collisions between the

reactants can occur only at interfaces between phases. Hence, the

reaction is substantially reduced. Thus, the reaction rate

neous, however, the

heterogeneous reaction depends on the surface area of the mqyq
condensed phase.

For example, in automobile engines, the gasoline is injecteg
in the form of microscopic droplets because in that form it has 3
much larger surface area and can burn much more rapidly than if it
were fed into the cylinder as a stream. Similarly, a pile of finely
divided flour burns slowly (or not at all), but spraying finely divided

flour into a flame produces a vigourous reaction.
iv) Solvent effects

The nature of solvent can also affect the reaction rates of
solute particles. |
For example,

the reaction bétween sodium acetate and
methyl iodide

CH3CO;Najsq1n +‘CH3|(1) —> CH3CO,CH; (soln) + Nal(soin)

This reaction is 10000 times faster in dimethylformamide (DMF;

dielectric constant = 36.7) _t‘hlan_ in methano| (dielectric constant =

i |

=
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32.6). The ‘hydrogen bonding ability of methanol reduces the
reactivity of the oxygen atoms in sodium acetate.
Solvent viscosity is also important in determining reaction

rates. The reaction rates of most reactions decrease rapidly with
increasing solvent viscosity.

y) Catalyst effects

A. catalyst is a substance that participates in a chemical
reaction and increases the reaction rate without undergoing a net
chemical change itself. Therefore, the catalyzed reactions proceed
much faster than the corresponding uncatalyzed reactions. Also,
catalysts favour the formation of a particular product in some
reactions.

There are also some substances which, when added to the
reaction mixture, decreases the reaction rates. These substances are

known as negative catalysts or inhibitors.

2.3 Molecularity and Order of reactions

Molecularity: The minimum number of molecules of the
same or different reactants involved in a chemical reaction is called
the molecularity of the reaction. It can be known from the
stoichiometry of the reaction. |
A - product(s) — Molecularity is one; unimolecular.
A+ B - product(s) — Molecularity is two; bimolecular.
RCl + H,0 > ROH + HCl — Molecularity is two; bimolecular.
A+ B + C - product(s) —Molecularity is three; termolecular
A+2B—>C+ D — Molecularity is three; termolecular
RCOOR’ + H,0 + H30" - RCOOH + R'OH + H;0" — Molecularity is

one; Pseudo unimolecular



A molecules of the reactaf\ts
atoms

the rate (or) the sum of powers of
ne  in the rate equation is Callgy
pea -

order: The number of
rmi
whose concentrations deté e
: a
the concentration terms th

the order of the reaction.

: ro-order reaction)
aw ) _ | orderis zero (ze
Foraratelaw — =

dt

| dix] _ k[ A], order is one (First-order réaction)
w T
For arate la "

F te law ——= [x] k[A]2 , order is 2 (second-order réaction)
orara _ |

For a rate law

dix] _ =k[A][B], order is 2.
dt

For the reaction 2NO + 2H, > N, + 2H,0, order seems to be

four, but actually it is three as is evident from the rate |ayw is

& KNOPLH,

] Therefore, order is an experimental quantity.
dt :

overall order of the following reactions. .

i) 2HCrO,™ + 61+ 141" - 20 431, 4 8H,0

Therate lawis Rafe = k[HCrO4 ][I ]2[H +]2
First order with respect to HCr04 |
Second order with respect to I~

__‘Second order with respect t6 H*

The overa|| order s 1 + 2+2=g

g
et by s ot o O VT
A T s s Bl o et L .78




i) Ho02 + 217 +2H" > T, +2H,0
Theratelawis Rate=k[H,0,][]

ol

First order with respect to H,0,

First order with respect to I

Zero order with respect to H"

The overall orderis1+2 =3

Differences between order and molecularity

Order

Molecularity

corresponds to number of molecules
taking part in the rate-determining
step of the reaction.

corresponds to the number of
molecules taking part in the |

stoichiometry of the reaction.

is equal to the sum of powers of the
concentration terms in the rate

equation

is equal to the number of
molecules which take part in a

single step chemical reaction

is an experimental quantity; can’t be
known without arriving at the rate
law.

n . be known from the

stoichiometry of the reaction.

can be-a whole or fractional number,
even zero

can be a whole number only

and can never be zero

mechanism cannot be known from
order of a reaction

mechanism can be known from

molecularity of a reaction

Pseudo unimolecular reaction

The acid hydrolysis of ester lnvolves reaction between one

ester molecule and one water molecule and it seems to be 3

blmolecular reaction.



,lf,» 2COOH + ROH +H:0"

COOR’ + H20
" reaction mixture, Change
tion is negligible. The fate

o course of reac
ation of ester a
r nd does

its concentration during th ¢
y on the concen

of this reaction depends onl

not depend on the concentrat | ‘
eaction. |

called a pseudo unimolecular r |
ions in which one of two reactants (A ang y :

In general, reacti .
] >> [B]) follows first-order kinetics w;y |

ion of water. Therefore, this reactig), X

is present in large excess ([A
d as pseudo unimolecular reactions,

respect to B, and is considere

2.4 Derivation of rate constant

A) First-order reactions
In a reaction of first-order, only one molecule reacts to gy |

the product(s).

A — Product(s)
Let a be the number of moles of A at time zero, x be the number of
moles of product formed after a time, t sec. Therefore the number of

moles of A remaining unreacted at time t sec i is (a— x)

Acco_rdmg to Law of mass action,

dx :

Rearranging,

-—kdt - T - | S
o (e | ()
On'_i.ntegration ol _
| = jdt

(0 ~X).




~In(@=x)=kt+C (2)
where C is the integration constant. The value of Cis found as:
Att =0, x =0 and therefore (a —x) = a; Equation (2) becomes
~na=C |
Substituting this value in equation (2), we get
~In(@a-x)=kt—Ina

- Ina-In(@a—x)=kt

Converting to logarithm

_2303  a | f i
4 a—Xx

k

Equation (3) is the rate expression for a first-order reaction.

The unit for first-order rate constant can be shown as

- 2.303 mol/ lit -1
k= log = seC
sec mol / lit

‘Half-life period

The time required to reduce the concentration of a reactant
to half of its initial value is known as the half-change time or half-life
period (t]_/z).

That is, at t15, (a—x) =a/2

- Equation (3) is written as



2.303 a

k = log——
11/2 ga/2
2.303
12 =710g2
2.303x0.3010 _ 0.693
Hy2 = =

k k- ,
Thus, the half-life period of a first-order reaction is independ@nt b
initial concentration of the reactant.

~ Determination by graphical method

The first-order rate constant expression is

2.303 a
log
4 a—x

k=

On rearranging,

a k ,
a—x 2.303

log

k=2303x slope

log

a—Xx

A graph i‘s' ﬁio&ed between 1o '
- P g and i i
. _ i gyl o 0 t and a s_tralghrt line

k=2.303 x slope




_eatalySt——

) Catalyst is a substance which alters th
with out it self under going any chemical change.

e rate of a chemical reaction

Clharacteristics of a catalyst:

.";.;l"‘l - - H
i. A catalyst remains chemically unchanged at the end of.the reaction.
| from may take place. €.2. coarse

However a change in physica

MnO., used in the decomposition KCIO,becomes finely powdered at
the end.

lter the rate of reaction.

Minute amounts of catalysts arc sufficientto a
yse the combination H,

e.g., 1 mg of fine Pt powder is enough to catal
and O,.

The catalyst are usually specific (i.e, cifficient on

il.

iii. ly for a particular
recation).
eaction, but does not

r the speed of a r
rates of forward and

iv. The catalyst can only alte
affect the state of equilibrium (it alters the
backward reactions to the same extent).

v. - A catalyst can not start a reaction, but only increcase or decrease its

, rate.
i—a?‘b{sgtwc Catalyst:
ases the rate of the reacti

TIf a'catalyst incre
E.g., MnQO, increase the rate of decomp

on it is called a positive
osition of KCIO,.

catalyst.
i

Negative catalyst (Inhibitor):

A & .

/ -+, « o -
i [ a catalyst decreases the catalytic activity of a catalyst of the
reaction it is called a negative catalyst. E.g., Alcohol retards the oxidation

of chloroform.
Catiysis:

g 8 & o

' Catalysis 1s a
rate cf a cl]ggjg_a.uﬂaction. . K
Tvpes of Catalysis:

. .‘here are two main types of catalysis, namely;
i. Homogeneous catalysis

ii. Heterogeneous catalysis.

phenomenon in which a substance is used to alter the

0

&



P
|

1) Alomogenous Catalysis :

H

4 ;
#  In this type¢ _ W
remain in the same phase and the reacting system as a whole remains

\

homogeneous throughout. \
i. Gas phase homogencous catalysis :
-~

There are few known cases of this type of catalysis. Nitric oxide gas
catalyses the combination of sulphur dioxide and oxygen 1n the lead
chamber process of the manufacture of sulphuric acid.

250,+0, N3350,

The nitric oxide gas also acts as a catalyst in the oxidation of carbon
monoxide with oxygen.

NO
2CO+0, —3 2CO,

ii. Liquici phase homogeneous catalysis :

Hydrolysis of cane sugar in aqueous solution in the presence of a
mineral acid as catalyst is an example for liquid phase homogeneous
catalysis. ]

H,SO

2

4
C,H,,0, + H,0 > C,H,,04 + CH,,0,

Glucose - ‘Fructose

Hydrolysis of methyl acetate in the presence of an acid is another
example.

H* | :
CH,COOCH; + H,0O >CH,COOH + CH,OH

2. .“Heterogencous catalysis :

-

In.this type of catalysis, the catalyst and the reactants are in different ..

phases. This type of catalysis is of industrial importance and has been
studied in detail thax_a homogeneous -catalysis. The catalysts which are
generally used in this type are : Pt, Ni; Cu and Fe usually in a state fine
power. Oxides of Zn, Cr, Bi and Mo are also used as catalysts.

of catalytic reaction, catalyst, reactants and products

TP
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: : actants and solid
a, Heterogencous catalysts having gascous-re Aty

v

o
i ich are exam ~
There are large number of gaseous reactlon; \;vll;ws . Pleg fo,
1 ' are as 1o . )
heterogeneous catalysis. A 'few of them

foxi in the contact pr
i Oxidation of sulphur dioxide to sulphur tnox‘dz::al)/St - Process
of the manufacture of sulphuric acid with V,0;as

V.,O
280, +0, —2—2 5250,
iV in the prese
li. Combination of hydrogen and Qxygen to give water In P noe
of Pt as catalyst. A
Pt
2H, + O, > 2H,0O

- *’ p-, T c
iii. Formation of ammonia from'hydrogen and nitrogen in the presenc
of Fe,O, as catalyst. '

Fe,O
273
N, +3H, — >3NH,

b.l‘iétcrogeneous catalysts having liquid reactants and solid catalysts:
/

platinum.

Pt '
2H,0, > 2H,0+0,

iv. Decomposition of aqudous solution of a hypochlor
oxides of nickel.

*in prescnce of

NiO
Ca(Cl0), > CaCl,+o0,




LR AN,

!ifﬁérences between homogeneous and heterogencous

1talysis ‘
Homogeneous IHeterogeneous \\
= f catalysis catalysis \
. Nature of catalyst They remain in the They are in different
and reactants same phase. phases.

“Example Liquid phase acid Oxidation of SO,
hydrolysis of methyl |to SO, in presence of
acetate. The catalyst [ V,O, reactants gases

) * and reactant remain catalyst solid.
in solution

Catalytic poison Not known Possible E.g., Co to Fe

in Haber process.

Promotor Action Not known ' Possible

E.g. Fe Promoter to Ni
in the hydrogenation of
% oils
" Mechanism Supposed to Supposed to proceed
g proceed via the through adsorption of
” formation of reactants on the
: intermediate surface of the catalyst.
N _ compound
J 7 Auto catalysis's” |

.. In some reactions one the products of the reaction acts as a catalyst
Y the recation. This phenomeunon is called auto catalysis.

S

® ‘E.g. The :?té of the hydrolysis of ethylacetate by water Increases
i{h passage of time.

v | o N
QHBLOQC21-{_$ + HOH # CH,COOH + C,H,OH)

) The proc-iuct CH3COOH slightly dissociates producing H' ions. This
(" as’a positive catalysts for the hydrolysis of the ester. With passage
‘ine, the amount ?fthe product CH,COOH and hencethat H* increases.
she rate of reaction also increases with the passage of time.

)
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Enzymo entnlysis ;
Enzaymes are complex organic compounds produced by living plants

:’n
5.4,

and animals, Many reactions are catalysed by enzymes.

Invertase converts aucrose into glucose and fructose,

i
Invertise |
C),1,,0,, + H,0 —3-C 1,0, + C H 0
sSucrose Glucose Fructose
il Zymase converts plucose into alcohol

e

L e Zymase )
Cyl1,,0, > 2C, H,OI1 +2CO, A

| Glucose or FFructose
Theories of homogencous and heterogencous

alcohol

I

catalysis

I'uncrion of a cartalyst in rermms of energy of activarion
Intermedinte compound formation theory : (for homogenecous catalysis)
Fora chemical reaction to occur the reacting substances must posses

the necessary activation energy (IZ,). In cases where the reacting
substances don't posses this activation energy, a catalyst provides an
ternate route to the reaction, requiring lower energy of activation.

Unecatalysed complex
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‘nstulates

First the catalyst (C) forms an intermediate compound (SC) with the
iIrst substrate S,.

SI+C : S.C

, - (1
B .
k,and &, are the rate constants ot the forward and backward reactions

>spectively.

The intermediate compound then reacts with the other substrate (S

)
2
» form the product (P). The catalyst is regenerated. ‘
ks
S\ C+S, — = P +C - 2)
slow

This reaction is slow. It is the rate-determining step.

Thus rate of reaction is Rate o [S,C1[S,]

The regenecrated catalyst again undergoes rcactions (1) and (2) to
'rm more and more number of products.

Thus the rate of homogencous catalysis reaction depends on the

'ncentration of the catalyst. This means that the rate of the reaction
ruld increase if the concentration of the catalyst is increased. This ig
nnd to be so.

camples

The formation of ether when alcohol is treated with concentrated
'‘phuric acid may be explained by this theory as follows :
C,HOH + H,SO, == C,H,HSO, + H,O
Substrate-1  Catalyst " Intermediate compound

C,HHSO, + C,H,OH
Substrate-2

—~—

> C,H,OC,H, + H,SO,

The reaction in lead chamber process for the manufacture o

f sulphuric
i may also be explained by this theory as follows: |
o, + 2NO S 2NO
Substrate-1 catalyst

intermediate compound

— ——— e

Piasta



> 2803 + 2NO

2NO, + 250,
Substrate-2

-

Merits of the theory : us catalysis.

eco
is f homogen
1. This theory explains the mechanism O

> catalytic
> mogencous, ca
2. This explains the fact that the rate of' the :‘]tc')hc cgatal)’sis.
reaction depends upon the concentration o

-~

: catalyst.
3. This theory explains the specific nature of the Yy

Demerits / Failure

. i heterogeneous
i.  This theory does not explain the mechanism of g
catalysis.

it. It fails to explain the action of catalytic poisons and promoters.
I.  Adsorption and frece valency theory :

(for hete rogencous catalysis)
The theory of heterogeneous catalysis is . .
based on the pPhenomenon of adsorption. The .. Ni—-—Ni 5 =
tction of a heterogenecous catalyst is due to

| _ |
the presence of free valencies on its surface. Nl——Nl
This free valencies help the reactant molecules ‘ '

to  react chemically on the surface of the
catalyst,

L4

within the body ofa catalyst is b

An atom onded to the ncighbouring
atoms. So all its valencies are satisfied. The at

I.  Diffusion -
When the reactants

om«the gaseous or liquid B I\l/l _—-I\Id-"
phase diffuses (moves) on the surface of the Tt M —M---
catalyst (Fig a).’ .
‘ (a)
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Fie ;.\ce ithe rate of reaction is independent af pressure and a zero
. 7 )\ .
order ki‘ﬁetics-\js followed.

Industrial catalysts

Commercial catalysts usually consist ofa Primax_'y catalytic agent
and various additives such as promoters, inhibitors and poisons.

! batalytic promoteré : Substances which temselves are not catalysts

but promote the activity of a catalyst in a chemical reaction are

called promoters or activators. These are usually added during the
preparation of the catalyst.

Examples

1) Molybdenum promotes the catalytic activity of iron in the
- manufacture of ammonia by Haber process

i) Copper acts as promoter in the hydrogenation of oils in which
nickel is used as the catalyst

Catalytic inhibitors : A substance which reduces the catalytic
~;=Ctivity'to a considerable extent is called an inkibitor or deactivator.,
It is added to the catalyst during its preparation.

Examples

1) Iron oxide suppresses the oxidatigjll of naphthalene to phthalic
anhydride by inhibiting the catalytic action of V.0,

1) BaSO, deactivates palladium catalyst in the conversion of'acid

chlorides to aldehydes (Rosenmund's reduction)



caralysis: 13—

.)‘ .
is due to the preferential adsorption. of the poison on the catalyst
surface.

Examples

1) Presence of arsenic poisons platinum or V,O, (catalyst) in the
Contact process for manufacturing sulphuric acid

' cture of NH, by Haber
process

1v) Traces of bromine vapour a

Ctas poison to finely divided nicke]
in hydrogenating of ojls. i

Theories of catalysis

1. Intermediate com

bound formation theory
(Theory of Homogeneoys cataysis)

regenerated.

Uncatalyseq reaction

A+B~f~a~ AB

Camly.s'ed Yeaction .
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