U}' (pronounced as stoy-key-om-eh-tree) is the branch of Chemistry in
¢study the relationship between the amounts of reactants and products in a
“¢ed chemical equation.

(N
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Stoichiometry (Greek stoicheion, “clement”
and metron, “measure”) means quantitative measure
Sol‘rcactams and products). Such knowledge plays an
important role when calculating the amount of
products such as masses, moles, volumes and
percentage yield etc. with the help of balanced
chemical equation.

Balanced chemical equations have definite
ratios of reactants and products just as compounds
have definite ratios of clements, Those ratios are used
10 calculate the mass (or moles) of other substances in
a reaction from the mass (or moles) of any one of the
substances. [t tells you that how to calculate the

quantities of substances involved in a reaction. It covers the calculation of the
percentage yield of a product from the actual yield and the theoretical yield. based
on the amounts of reactants.

1.1 Moleand Avogadro's Number:

You buy quantity of items in several ways like eggs in dozen (1 2 pumbers), Shoesi
pairs (2 numbers), cans in case (24 cans), playing cards in pack (52 numbers:
papers in ream (500 sheets), and pencils in gross (144 numbers). Bulk foods, bkt
rice, wheat, sugar, and peanuts are usually purchased by mass, because it is Vel
difficult to count them. All these methods are used by chemists to determine 1
antity of matter ( counting and weighing).
lar ’

[ e - R - |

The most convenient unit of matter for counting and weighing is mo*
connects the macroscale world (so large that can be weighed or count) &
nanoscale world (so small that is inconvenient to weigh or count them).

{.1.1 TheMole: |
Mole is @ Latin word; itmeans a huge mass', Its symbol is mol and is represe™
n. One mole is the amount of substance that has as many particles (atom, mol_ :
. or formula units )as the number of atoms in exactly 12 g of carbon-1 2. The®
f a substance(element or compound) depends on what that SUP*

(8)

qu

jons .
of one mole ©
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is, and is equal to the formula mass of that substance in grams. We, |
that the AOMIC MASS, molecular mass, ionic mass or formula mass of @ st
“."an‘NPI‘L‘.\'SCd HI RIS 1S &?L]ll:ll 0 one mole. l‘?l,\'imlplcsarc:
Onemole of carbon atoms = 12¢

One mole of CO. molecules =444

One mole of NaCl formula units = 58.5¢

Onemoleof SO , lons= 96

1.1.2 The Avogadro's Number:

J The number of particles (atom, molecules, ions or
formula units) present in one mole of a substance is
called Avogadro's numberl It is represent by N,. The
number of particles in one mole of a substance is
6.022142]1 = 107, which we will usually round to A

If we were able to count atoms

6.02x107. Scientists call this value Avogadro's number |4 the rate of 5 million per
: s Ttalian scienti yA dro |second, it would take about 4
in the honour of the Italian scientist Amedeo Avogadro fEFcH Sarv L e

(1776-1856). The unit of Avogadro's number is read as [atoms in one mole.
either“permole” or “inverse of mole”. Examplesare:

Onemole of carbon-12 contains 6.02 * 10™ atoms of carbon-12.

One mole of H.O contains 6.02 * 10" molecules of H.O.

One mole of CaQ) contains 6.02 * 107 formula units of CaO.

One mole of CO; contains 6.02 10" ions of CO; .

interesting

Fraation L

Table 1.1: The Formula Masses, Molar Masses and Number of Particles of Some Substances

|

6.02 % 10” atoms

| 3 32 l 6.02 % 10”7 molecules

18 6.02 x 10" molecules
o | 6.02 X 10° formula units
3 . (j(' 6.02 x 107 ions
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Molar Mass and Volume ?

The volume of one mole of an ideal gas at ST (stundard temperature and pressure)
15 called molarvolume,
. ‘ . »
Its value is equal to 22,414dm . It is denoted by Vi

Table 120 The Molar Volumes. Molar Masses und Nuinber of Moleculzs of Some (m\u;u

\H‘tll( and 1Etm)

6.02 % 10%

i._
| molecules l-_

| molecules

.
)
‘
|

The equal volume of all gases at STP has equal number of molecules but they

have different masses.
The mass of one moie of a sitbstance mn grams is called molar mass.

| The unit of molar massis g/mol.
| To determine molar mass, we change the units from atomic mass units 1o grams

ofasubstance. The substance may bean element or a compound.
For an element, the molar mass in grams per mole is numerically equal to the
atomic mass of that element in atomic mass units. For example:
i) Hydrogen atom has an atomic mass of 1 008 amu. so the molar mass of
hydrogen atomis 1.008 g/moland contains 6.02x1 0" atomsof hydrogen.
ii) Oxygen atom has an atomu mass of 16 amu, so the molar mass of oxygeni
g/moland contains 6.02x 10 atoms of oxygen.
Ifwe know the atomic mass of an element, we also know its molar mass.
For a compound. the molar mass in grams per mole is numerically equal 0¥
formula mass of that compound in atomic mass units, For example:
i)  Ammonia (NH,)hasa tom\ula mass of 17 amu, so the molar mass of amm I
is 17g/mol and contains 6.02x1 0~ molecules of ammonia.

i) Potassium nitrate (KNO,) has a formula mass of 101 amu, so the molar "
potassiuim nitrate 18 101 g/mol and contains 6.02x10" formula units of pot& #

s 16]

nitrate.
{10)
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Calculate the molar mass of Benzene (C, H jh
Solution:
Bachmole of C_H, contains six moles of carbon atoms and six moles of’h.y rogen

atoms in the formula.
The molar mass of benzene can be calculated as:

bomolesof carbonx 12g /mol =72¢g
6molesofhydrogenx lg/mol  =6g
Themolarmass of Benzenc(CﬁH,‘) 783 J

1 2 Mole Calculatlons
1.21 Calculation of Number of Moles of a Substance
i) If we know the mass of a substance, we can calculate the number of moles by

dividing the mass of a substance by molar mass.
Given mass of a substance

No. of moles of a substance = —rr0 T cubstance

Solutibn' _
Massof NaOH ~ =20g ~
Molesof NaOH =2 =S
Mass of NaOH
Molar mass of NaOH

Moles of NaOH =
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i) Ifwe know the number of moles of a substance, we can calculate the  mag
by multiplying number of moles with molar mass.

Mass of a substance = Number of moles of a substance x Molar Mass
— — e
Caleulate mass of 0.25 moles of H.S0,.
‘Moles of H,S0, =0.25mol
‘Mass of H,SO, =?
| Mass of H,SO, =Moles of H,80, x Molar mass of H,SO,,
= 0.25mol x 98gmol '

2.’5

ii) If we know about the number of particles of a substance, we can calcula

the number of moles by dividing the number of particles by Avogadr
number. .
No. of moles of a substance = - o- Of particles of a substance

Avogadro's Number

Sucrose, table sugar, contains 3.76 x  10™ molecules of CHL0, ,‘. What is the
number of moles of sucrose?

Solution:

Number of moles of sucrose = No. of particles of sucrose
Avogadro's Number

! ] S
Number of moles of suctose = — -0 X10~" molecules

6.02x10 P molecules mol
= 6.25moles

An aluminum 3

pumber of mofes of alu
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1.2.2 Calculation of Number of Particles '
0 I we knuw. 'h? moles of a substance, we can caleulate the number of
particles by multiplying number of moles with Avogadro's number.

No, of particles of substance = No, of moles of substance X Avogadro's Number (Nx)
Example 1.5

How many atoms are there in a sodium metal that contains 2.5 moles?

Solution: |
Number of moles of sodium
Number of atoms of sodium

Number of atoms of sodium = Number of moles of sodium % Na
= 25 mol x 6,02 x 107 atoms mol "
=15.05% 10" atoms

=}:505% 10" atoms

2.5 mol
9

Given mass of substance (m) ., =
' ' Avogadro’s Number(N
Molar mass of substance (M) o ber(N,)

‘#ﬁ

How many atoms arc presentin 50 g of goldring?
Solution: #ta
Massofgold =508
Molarmassof gold = 197g/mol
Numberofatomsofgold =7

Yo 65 e lw e M&SSOngld

50g

197gmol '

* Avogadro's Number

= x6.02x%10™ atoms mol '

(13)

Scanned with CamScanner



St = 0,254 % 6,027 10" atoms !
| = 1.529x 10" atoms

1.2.3 Calculation of Volume of a Gas
1) Ifwe know the number of moles of'a gas, we can calculate the volume of ag
at STPby multiplying number of moles of a gas by molarvolume,

Volume ofagas = Moles ofa gas x Molarvolume

What s the volume in dm’ offd 75mol of ethane gas?

Solution:
Nymhetbfmolwof ethane = 4.75 mol

meofethancindm’ =7

Voiumeof cthane indm. = Moles ofethane x Molar volume

= 4.75mol % 22.414dm’ mol'
= 106.47dm’
& 106.47dm
PracticeExerciseT:
Calculate the volume in decimeter eube of 2.25 moles of laughing

i) If we know the mass of a gas, we can calculate the volume of a gas at ST

dividing the mass of a gas by molar mass and the answer is multnpllod
molar volume?

Mass of a gas

x Molar volume
Molar mass of a gas Molac; yalum

Volume of a gas =

i Example 1.8
Argonisplacedina light bulb to mmumze the rate of evaporahon of the tut
filament. What is the volume inem® of 3. 99¢ of argon?

(14)
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solution:
Mass of argon = 399g
‘ 1

Volumeincm ofargon = ? | '
Mass of argon

~ Molar mass of argon

399

39 9gmol "
= 0.1x22.414dm’
=2214dm’

Volume of argoninem’ = 2:214dm" % 1000em 'dm

Valume of argon % Molar volume

% 22 414dm’mol™

1 = 2214cm’ S

Practice Exercwe& :
Calculate the volume in decimet

reube of 50 gof propane (C,Hy) gas.

1.2.4 Stoichiometric Calculations

A chemist needs to know how much product is obtained from certain amounts of
reactants or a chemist needs to know how much reactants are used to get certain
amounts of products, Chemists use stoichiometric caleulations to answer these
questions.

Principles of Stoichiometric Calculations
Stoichiometric calculations are based on the following principles:
i) Reaciants are completely converted into products.

i) Noside reaction occurs. | = wr 3
i) While doing calculations, the law of conservation of mass and the law of

definite proportions are obeyed.
Law of Conservation of Mass |
‘According to law of conservation of mass, matier (mass) can neither be created nor

destroyed. _
Law of conservation of mass states that; the total mass of reactants is equal to

the total mass of products in a balanced chemical equation.
Law of Definite Proportions
Atcording to law of definite proport)
same element combined in the same ratio by mass

ons, 4 pure compound always contams the

!



: Wmfhas 88.89% oxygen and 11.11% hydrogen by mass, no matter what iy

\ !ﬁhiometnc Relationship |
wing types of relationship can be studied with the help of balanced|

BEAR) Mole-Mole Relationship
| c-;;-’-l"b&.moles of one substance can be calculuted from the giv
~ substance and vice versa.

i ill) Volume-Volume Relationship
" The volume of one substance can be caleulated from the given volume of anbther

substance and vice versa.

iv)  Mole-Mass Relationship
The mass of onc substance can be calculated from the given moles of another

substance and vice versa.

v)  Mass-Volume Relationship
The volume of one substance can be calculated from the given mass of anothet

substance and vice versa.

How to Solve a Stoichiometry Problem

Step 1: Writcallthe given data with relevant units. é
Step2: Write a balanced chemical equation for the reaction
consideration.

Step 3: Convert the givenmass ofall the reactants to number ofmoles.

Step4: Use the chemical equation to determine the mole ratio of
unknown quantity to the known quantity. The mole ratio ¢ b
determined by dividing the coefficient of the unknown by the coefficient of ™
known. C

én moles of another

Moles of unknown

‘ _ Moles of known e
This mole ratio can be used to convert the number of moles of K%
quantity to a number of moles of unknown. The mole ratio is multiplied wilh™

moles of known calculated in the third step.
(1)
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Moles of unknown Mol
e x Moles of k : it oWl
Moles of known known = Moles of unkno ;
“ony PSS b 3 . ; ; § O

step §: Convert moles back 1o mass by multiplying with molar mas

unknown substance to getanswer in grams, if necessary. —-
\

(—xample : L 9 (Mass-Mass Conversion)

Calculate the mass of qmckllme (calcium oxide) that is produoed by the thermal
decomposition of 200g of limestone (calcium carbonate). The equation for this

reaction is:
ST s A v

Solution:

Step1: Writeall the given data with relevant units.
Mass of CaO =7
Mass of CaCO, = 200g
Molarmassof CaO = S6gmol’

Molarmassof CaCO, = 100gmol’
Step2: Write a balanced chemical equation for the reaction.

CaC()s(” ‘—é—> Cao( b C01
fmol(100g) Imol(Ség)

Step3: Use the chemical equation to determine the mass ratio of the
unknown quantity to the known quantity.

100g of CaCO; produc'e?‘_ Ca0 = 56g

56
lg of CaCO; produces CaO = T()*O%

S6g
200g of CaCO; produces Ca0O = 0 g x 200g
= 112g

So, the mass of quicklime produced is 112g.

/

i __~.

Practice Exer cilﬁ9.

How much HCI can bcprod\wed when 5g of hydrogen reacts with an excess

amoumofch,lonne? The equation for this reaction is: R
~ H2@+ CIZ(g) —_— 2HC1®

(7)
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nitrogen, reacts with hydrogen to form ammoma how many |
: -_.,“ ¢ o ; ! %x? {mghg pmcc.,so The equation for this teaetxonfi

4"

'%MU \\ 1 hﬁeallihﬁgwendatawnhrclcx antunits.

.“ 3"‘-

”’ .f,.f"”"berofmé*lesﬁmz =2 5Smol y .J
~ Numberofmolesof H, =?

i 2
- W

* Mz. Wmcabalanccdchemwal equation for the reaction. 2
] Nz(ﬂ * 3H2¢$) =2 NH“S) '

| Step3: Use the chemical equation to determine the mole rano of the
unknown quanmytotheknownquanmy ey 4
1 mole of N, needs H; to produce NH; =T=

2.5 moles of Ny nceds Hyto produce NH,=3 < 2.5 =7.5mol

\ So. themolesofhydmgenused mtheproc%shre‘? 5moles.

Moles of water '5'-’4:31'11‘61"

Molar Mass of H,= 2gmol' o, A TR o
Step 2: meabalancedchcmlcalequatwnfmthercaéuon ¥

2H,0p — 2H2w+02®

(18)
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srepd: Use the chemucal equation to determine the mole ratio of the
unknown quantity to the known quantity,
2molesof H,OproducesH, = 2mol

1 mol of H,O produces H, = —%— = Imol

4.3 moles of H,O produces H, = 1% 4.3 =4.3mol

Step4: Convert moles back tomass of the unknown.
MassofH, = MolesofH, x Molar mass of H,
= 4.3mol x2gmol”’
= 8.6g -
_So, the mass of hydrogen produced by the decomposition of water is 8.6g. )

s y - il L - ~

Sl o e

=) é - :;-r‘
le 1.12 (Mass-Volume

o ey Viga reddish br aadis ed in the manufacture of
Nitrogen peroxide (INO,) isa reddish brown gas and is usec in the 1
| nilricgz? d. Ttcan be prepare dbytheo’“‘m"’n onIMc.oxlde(NO):
LIl AN Y Dy == = B e
Determine the volume (inlitre) of NO, produced by 12 ¢ of NO.

Step1: Writeall the given data with relevant units.
VolumeofNO, =7
Mass of NO = 12g 1
Molarmassof NO = 30gmol’

Write a balanced chemical equation for the reaction.

Step2: Wniteabalar
Step 3: Convert the given mass of the reactant to moles.

e = Massof NO' 12
‘Moles of NO = yoro - mass of NO 30g mol”’ = 0.4 mol

(18)
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Stepd:  Use the chemical equation to determine the mole ratio of the
unknown quantity to the known quantity,
2moleofNO produces NO, = -’mol

I mole of NO produces NO, = = lmol

I-J‘

0.4 mole of NO produces NO, = 1> 0.4 =0.4mol

Step5:  Convert moles to volume of the unknown.
Volumeof NO, = Moleof NO, xMolar volume of NO,

= 0.4mol x22.414L mol "’

= 8.97L
S0, the volume of NO, produced by the oxidation of NO is 8. 97 L. )

Practiee Exercwe 12

manufacmre of urea femhzemn commercral scale On eambnsﬁon, memanv
gas produces CO. and H,0. Wntc bnlanecd c.hemxcal equahonfor ﬁ:cmct&on.:
What volume ochO;gasxs roduced when 0.5Kg of methane is burnt in ex

oxygen? ’ e Fa

1.3 Percentage Composition

The percentage composition is the number of parts by mass of an element in to 100
parts by mass of a compound. Each symbol in the formula ofa compound represents
the mass of one mole of atoms of the elements. The formula shows mass of one mol¢
of the compound. The chemical formula provides information about the
composition of a compound in terms of moles. For example, | mole of sodiun

carbonate, Na,CO; contains 2 moles of sodium, 1 mole of carbon and 3 moles of

oxygen atoms. The pcrcentage composition of sodium carbonate tells us the relativé
massesof Na,C, and O atoms that are present in the compound,

A two-step process is required to calculate the percentage composition of the.

compound:
i) Calculate the molar mass ofa compound,

A
ii) Divide the total massdof each. elemcnt_ in om? mole of the compound by ﬂ'f
fthe compoundand the answer is multiplied by 100,

o!ar mass o
Mmhcmamall)”
nage composition of an element = < (Molar mass of an element) , 10
PR “Molar mass of o compound

(20)
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Where, x is the number of moles of the element present in one mole of the
compound.

(" Example1.13 T

R S R T T =T J" -~‘-'*-\".f

What s the percentage composition of each clemem 1 sodxum carbonate?

Solution:
The chemical formula of sodium carbonate is Na,CO.. It contains 2 moles of
sodium. 1 mole of carbon, and 3 moles of oxygen.

Molarmass of Na,CO,=23*2+1x12+16x 3= 106gmol '
_ 2(23gmol ')Na

%age of Na =B % 100~ 4340%
gmo
' -1
%ageofC = "l((;zg'“c':_ C 100 = 11.32%
gmo
%ageof0 = S(16gmol” 29 100 = 45.28% |
106gmol 3

N e — e — ——

\ Remembe I
The sum of percentages of all the elements prescnt in the formula should be
__ cqualto 100%+ 0.02%. &

Practice Exercise 13:
Calculate the percentage of nitrogenin ammoma (NH ;) anduitric acid (HNO;).

1.4 Excess and Limiting Reagents

In many chemical processes, the quantities of the reactants used are usually not
present in the proportions indicated by the balanced chemical equation. Because the

main objective of the reaction 1s:

i) To produce maximum amount of product, frequently a large amount of
inexpensive reactant is supplied to ensure that whole of the mass of expensive
reactant is completely converted to the desired product.

i) Toincrease the rate of reaction.
Al the end of the reaction only one of the reactants may be consumed

completely while the other reactants will remain unreacted. [The reactant that is
completely consumed at the completion of reaction is called limiting reagen
limiting reactant), The maximum amount of product formed depends upon thc

(21)
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amount of limiting reactant in the reaction mixture. When this reactant IS Consumed
completely, the reaction stops and no further products are formedd The reactans
which are in larger amounts and remain unrcacted at the end of the reaction age
called “excess reagents™ (or excess reactants)( The concept of the limiting reagent is
analogous to the relationship between the numbers of frames and wheels to make
bicycles. Suppose you want to make some bicycles. Each i1s made from one bicycle
frame and two bicycle wheels. You have 70 bicycle frames and 100 bicycle wheels,
How many bicycles can you make? The answer is 50. When you run out of bicycle
wheels you must stop making bicycles. Cycle wheels are the “limiting reagent” it
the language of chemistry, because they limit the number of bicycles. The
component (wheels) which produces the fewer number of bicycles is the limiting
component while the component (frames) left behind is the excess component.
Now consider a chemical reaction between hydrogen and oxygen. Ifwe react
6g of H, with 32g of O, then we will get 36g ol water as:
2H, + 0, —— 2H,0
62 vl 362
When the reaction between hydrogen and oxygen proceeds to completiomf
32g of oxygen consumes completely and the reaction stops and no more products
are formed. In this reaction, formation of water is limited by oxygen (O,) l“ﬂi
hydrogen (H,) is in excess. Out of 6g of hydrogen, 2g remains unreacted. Here Hi
an excess reactantand O,is limiting reactant.

Identification of Limiting Reagent

You can determine the limiting reagent with the help of the following steps:

i) Write the balanced chemical equation,

i1) Convertthe given mass of all the reactants to moles.

iii) Calculate the amount of product (in moles or grams, as required) from
reactant with the help of balanced chemical equation.

iv) Thereactantthat gives the leastamount of product is the limiting reagent
v) Calculate the amount of product formed by limiting reactant. it
vi) Thereactant thatisleft overafier the completion of reaction is €Xcess reages
vii) If you want to find the amount of excess reagent, then subtract the amou?™
from the starting quantity of the reactant.

(22)
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M ” i I it o R A S = s T e P e e e k2 ] il TR 1Y
Natural gas consists primarily of methane (CH,). The complete combustion of |

methane (CH,) gives carbon dioxide ( CO,)and water.

CHyey * 202(g)m CO,,,y 1+ 2H:00)

a) Howmany grams of CO; can be produced when 30g of CH,and 50g o f
0, areallowed to combine? | pad

b) How many grams of excess reagent are left unreacted after the

completion of reaction?

Solution (a):

Mass of methane (CH,) = 30g
Massofoxygen(®,) = 50g

Massof C@,ingrams = 7

Mass of excess reactant left behind ingrams = ?

Step 1: Write balanced chemical equation:

CHyp+ 2039 —Fo2> COpp+ 2H 06
Step2: Convert the given mass ofboth the reactants in to their moles:
givenmassof CHy _ 308 | g75 1]

Moles of CHs = ormass of CHy  16gmol’”

Moles of O, = givenmass ol 95 < 508y 263 mol
oles of O = 'molar mass of O,  32gmol |
| les of h reactant:
Step 3: Calculate the number of moles of product from eac
>,ep Compare the numberof moles of CH, with those of CO,
From the balanced chemical equation wellmolw:
, R

| mole of methane produces COs '
1 of methane produces CO, = 1x1.875 mol
LSiooR ' = 1.875mol of CO,
» Compare the number of moles of O, with those of CO,
: ced chemical equation we know:

From the balan ‘
2 moles of oxygen produces CO, = | mol
Imol

| moles of oxygen produces CO,= S

1.563 moles of oxygen produces CO»= 0.5 x 1.563mol
= (.7815 moles of CO,

(23)
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> From the above calculation, it is clear that the hmiting reactant is
O, because it produces fewer amounts (moles) of product (€Q.)
than CH,, e | |

I.’.\ l

Notice that the limiting reactant is not necessarily the reactant
» which is present in small amount.
Step 4:Now multiply the moles of CO, with its molar mass to get amount
of carbon dioxide produced at the end of the reaction.
Mass of CO, in grams = Moles of CO, x Molar mass of CO,

= 0.7815moles x44gmol”

= 34.39¢
(b)
Step 5:The quantity of limiting reactant can also be used to calculate the
quantity of excess reactant used: ¢
2 moles of O, reacts with moles of CH, = 1 mol

1 mole of O, reacts with moles of CH, =% mol

1.563 moles of O, reacts with moles of CH, = % x1.563mol

= 0.7815 mol
Step 6:The mass of methane (excess reagent) is equal o the starting
quantity minus the amountused during the reaction.
Number of moles of CH, = Starting quantity — Quantity use
= 1.875mol-0.7815mol

1.0935 mol
Mass of CH, (excessreagent) = Moles of CH, x Molar mass
= 1.0935 molx 16g mol '

= 17.5g A

*  Exercise 14: =4
xl;/r:if::g:tEhe following reaction mixtures could produce the greatest amot_m"-"fv
roduct when they combine according to the reaction given below?
g N, + 3H, —— 2NH;
le of N, and 3 moles of H, .
Je of N; and 3 moles of H,

>

g

a) 1mo
b) 2mo

" ."'“;‘*-o-

(24)
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| v ol bonet o il do
c) Imoleoleand.Smoles.an1 '

- , 2 algrage Sl rEIEY
(U2 00le O, a0d 3 moles OfH; AR ET UTROT ISVOSTUNE ¥
¢) Eachproduce the same amou of product : '

v e sdtisbolossrminenl ot

BT o T T G VIR v _
oS St monssiigiaay,

" SRR
Chemistry is a Quantitative Science 3z DR :-'-‘1"!'. n? !
» Stoichiometry is very important i medical sciences and is used to: : ~j!,*:1'..;:?
* Determing the glucose level in the blood of diabetics, = = : _x H .F
Determine the steroid and other stimulants in the ;uinc of athletes. Aﬂﬂe(&cusc

steroids and other stimulants to enhance performance and mcrcaaesmmgth
Determine the cholesterol

level in the blood of patients. Cholesterol is a form of fat |
that's notall bad. But cholestero can have harmful effects. ' 2 &t :

(e
- amount of drugs to give a patient. The medicine has no effect
when given in small amount ;

»

travel before needing to be refueled.

o

N
-5 Percentage Yield

¢ amount of product either calculated from balanced chemical equation or
ctually obtained from a reaction is called yield or chemical yield.

The amaunt of product calculated from balanced chemical equation is ca_llcd
theoretical vield or expected yield while the amount of product actually obtained
From a chemical reaction 1s called actual yield or practical yield. If the actual yield is
pery low, the final cost can be very high.

In most chemical reactions, the amount of product obtained (actual yield) is
Iways less than theoretical yield due to following reasons: :
) In some reactions the products formed may react further among themselves or

ith the reactants (Side reactions take place) that give products (by-products) other
than the main product,

1) Many reactions are reversible. They do not go to completion. In these reactions
he products formed react to produce the original reactants. .

1)) Impurities in the reactants. Suppose you want to prepare chlorine gas f;Tm_:lOf
Pf NaCl that contains some impurities (the substanc_es other thgn sodlutr:\ c (;? e).
B0 you do not know exactly how much pure sodium chloride you a:;.\ e. If you
Falculate the amount of product from equation, it should be greater than the amount

(25)
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of product actually obtained from a reaction, It means that there is not 10g of

NaClin the sample.

1v) Morcover, many reactions simply are not complete; some amount of r

remains unreacted at the end of the reaction.

v) Loss of product during separation, filtration, washing, drying, distillatiy

crystallization etc. |
For these and other reasons, it is useful to point out a difference between &

theoretical and the actual yields of a chemical reaction and to calculate :

percentage yield. Actual yield divided by theoretical yvield and the answer;

multiplied by 100 is called percent yield. |

. ActualYield
Percentage Yield TheoreticalYield % 100

Significance of % age yield:
i) Percentage yield shows efficiency of reaction.
i) Greaterthe % age yield, higher will be the efficiency of reaction and vice vem’l

(" Example 1,15 S
. S .i"'-l‘f:'l_ = = e '7-' S —‘.':°.:‘——="‘¢- N 2 =
Lithium on heating with nitrogen ¢s lithium nitride:

i N, —s 2LiN
When 30g of lithium reacts with an excess of nitrogen then how much Jithivs
nitride is produced? If the actual yield of lithium nitride is 38g, what is b

percent yield of the reaction?

Solution:

Given mass of Lithium = 30g
Actual yieldof Li;N = 38¢g
Mass of lithium nitride produced = ?
Percent yield of the reaction =9

Before going to calculate percent yield we must know about theoretical 'yi'c"f._,
and actual yield. - 1
i) Theoretical yield:

Equation: ‘ |
6 moles Excess 2 moles
or 42g 70g

According to the above balanced chemical equation:
42g of lithium produces lithiumnitride = 70g

(26)
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Theoretical yield of lithium nitride is S0g. i ";‘im",’f
if) Actualyield of lithium nitride B2 o
Actual yield of lithium nitride is 38¢. | --* ,;i,::»
iii) Percent yield of lithium nitride ' e aegmE
P Actual yield of lithium nitride .~
0 = e SV ===
oyieldoflithium pitride = . o otical yield of lithium nitride o

% yicld of lithium nitride = igg %100

= 76%
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Errm—r—————— _ : A _
| » The volume occupied by one mole of an ideal gas
_ volume and this amount 1s equal to 22.41 4dm"; . |
/> The limiting reactant is the reactant that 1 consumed first in a chemicy
~reaction and produces the smallest yield. When this reactant is consume
. completely, the reaction stops and no furt
‘ that is left after the reaction has stopped is known as excess reagent. i
» The amount of product which 1s caleulated using the balanced equation i

called theoretical yield. The amount of product obtained when the reactior

takes place is called actual yield. The ratio of actual yield to theoretical yield
called percent yield. Percent yields may range from a fraction-of 1 percentty

L 100 percent. SR = AR _w..-___-.-_'j

at STP is called mop)

her products are formed. The reacts

Questions and Problems

Q.1: Fouranswers are given foreach questi
i)  The branch of Chemistry which
the amounts of reactants and products in a balanced ch
called: |
(a) Physical chemistry "(E) Biochemistry
(c) Stoichiometry (d) Organic chemistry
ii) Whatare the number of covalentbonds in 68g of HyS gas?

on:Select the correct answer.
describes the relationship betwees
emical equation

(a) 3.01x10° - (b) 6.02¢10”

k) 241x107 (d) 24.1x0”" |
iii) Themassof O, required tobum 0.1 mole of C,H,OH is: j
(a) 32g (b) 3.2g :
(c) 5.6 ~1d) 9.6g |
Equation: CHOH+30, — 2C0,+3H.0 d
iv) The v01§1me occupied b_y 1.4gof N25 at STPis: :
(@) 224dm (b) 22.4dm

- J© 1.12dm’ (d) 112dm’ ‘
v) A beaker gontains 9 g of water. The n_zl:mber of hydrogen atoms IS¢
(a) 6.02x10 (b) 3.01x 10"
(c) 6.02x10 (d) 3.01x 10" ~
vi) One mole of diamond chain and one mole of gold ring bave = ]
number of:
(a) neutrons (b) protony
(c) electrons (d) atoms

28)
>
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vii) The largest numhcrufmoleculesareprcseﬂtiﬂi ‘ '
(a) 4.8g0fC.H.OH ADB): 3:6gof HjOmnidaie. - Al
(©) 2.8gofCO (d) 5.4gof N0y
viit) Limiting reactant is that: GFIADN T 3
(a) Whichremains unreacted

(b) Which gives maximum amount of produet
(¢) Whichgives minimum amount of product . o
(d) Whichhas low-price : S
ix) Theamount of product obtained practically is called: '

(a) Expectedyield (b) Theoretical yield

(c) Actualyield (d) fractional yield N
x)  The reactant which is in larger amount and remains um'enctodgﬁ
called: A=
(a) Limiting reactant (b) Excess reactant :
(¢) Expensive reactant (d) Restricting reactant

Fill in the'blanks with suitable words given in the brackets:

i) A balanced chemical equation has the number of atoms

of each element on both sides of the equation. (same/ different)
ii) There are molecules in two moles of CH,OH.

(6.02x10%/12.04x107) A :
iii) Thenumberofatoms inone mole of neonis (6.02x107 /
12.04x10°)

iv) Themassof molesof N, is 56g. (one/two)

v) The s_!:ace oc.cupied by 0.50 moles of Cl, at STP is

(11207dm /22.414dm’) |
vi) The equal volume of all gases
molecules but they have __
vii) The percentage of nitrog
69.57%)

viii) 1 mole of Cu,O has atoms of copper and

33 23
atoms of oxygen. (6.02x10 /12.04%x107) ‘ -
ix) Limiting reactant gives amount of product. (Minimum /

Maximum)
x) Actualyieldisalways______
(29)

at STP has number of
masses. (equal / different)
en in N,O, is . (30.43% /

than theoretical yield. (less/more)
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Q.3

Q.4
Q.S:

Q.6:
Q.7:

Q.8;

Label the following statementsas True or False.
1)  Stoichiometry tells you that how to calculate the quantilies o
substances involved in a reaction. '
iiy The stoichiometric calculations can be performed only
Avogadro's law is obeyed.

iii) Oneatom of Mg is twice in mass &
iv) The reactantsare on the right side of arrow
v) Avogadro's numberis represented by Na.
vi) The number of hydrogen atoms in 1.5 moles of H.S is equal to
number of hydrogen atoms in 1.5 moles of HI. |
vii) ThemolarmassofPO, ionis95gmol .
viii) Tonic compounds consist of molecules. |
ix) Theamountofproduct calculated from balanced chemical equations
called actual yield. |
x) Greater is the percentagc yield; higher will be the efficiency _
reaction. ‘
What is stoichiometry? Why is stoichiomelry important? Give

s compared to one carbon atom.
in a chemical equation,

examples. )
Give the principles and relationships of stoichiometric calculations:
How can you solve a Stoichiometry Problem?

a) Define and explain mole and Avogadro’s number with examples.d !
b) Define and explain molar mass and molar volume with examplé
How can we calculate the molar mass of a substanc g0 |
¢) What does the mole have in common with the pair. the dozen %

the gross?
Explain the following:

a) What is the mass, in grams, of one mole of sz,? (B
b) Howmany carbon atoms are present ina mole of ,C”? 66
¢) WhatisAvogadro's number, and how is itrelated tothe mole?

d) Avogadro's number of atoms of different elements has dif

masses. 3 T
¢) Whychemistsusemoleasaunit? There Pogbcalk. ase SE08 0 )
f)  Which would have a higher n:fji@* a me gf a a\t‘;‘)‘;ns%ruanr:!%\e 4
atoms? ~ :

g) ich would contain more atoms: a mole of Na atoms or amolé™
atoms? \0my ate S

h) Howmanyatomsarepresent in 1 molar mass of sulphuric acid’

(30)
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0.9,

Q10

Q.11:
Q.12:

Q.13:
Q.14:

Q.15

2.16:

L17:

L1R:

What 1s percentage compostiiton? How can you calculute the percentage
composition of a compound” :
a) What are limiting and excess reagents? How will you determine
them?

b) Cantherebe a limiting reagent if only one reactant is present?
¢) Weuseexpensive reactants in small amounts and inexpensive in large

amounts, why?
Give an everyday example that illustrates the imiting reagent concept.

Define theoretical, actual yield and percentage yield. How do we calculate

the percentage yield of achemical reaction?
Actual yield of a reaction is always smaller than that of theoretical yield,

why?
How much iron is required to produee 162.3g of FeCl, when chlorine is in

excess?

2Fe+3Cl, —> 2FeCl, :

Caleium metal reacts with oxygen to form calcium oxide, Ca0.

a) Write a balanced equation for thereaction. R

b) How many grams ofoxygen are required to react with 35g of Ca?

c) How many grams of Ca0 will be produced?

ared in the laboratory by the combination of

Urea, a fertilizer. can be prep
de according to the following balanced

ammonia and carbon dioxi
equation: v =
(a) Calculate the nu ber of moles of urea formed by the combination of
2.75 moles of ammonia.
(b) Calculate the number of moles of carbon dioxide needed to combine
with2.75 moles of ammonia.
Oxygen gas can be prepared by the thermal decomposition of potassium
chlorate (KCIQ;) in the laboratory:
2KCIOy — 2KCl, 730y,
How many grams of oxygen can be prepared from 5 moles of KCIO,?
Acetylene gas (C,H,) is used for welding and for the artificial ripening of
fruits. Acetylene gas reacts with hydrogen gas to form ethane gas (C )
The balanced chemical equation for the reaction is: 2 4653
CaHlyy*+2Hyy —— CH,,

(3)
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Q19

Q.21:

Q22:

Q.23:

Q.24

Q.25

Q.26:
Q.27

Q.28:

If 10 grams of hydrogen gas reacts with excess acety lene, how many |
of'ethane gas can be produced?

Octane (C H ) is a component of gasoline that burs according 4
equation: |
2C,H,+200, — 16C0O,+8H,0

‘How many moles of O, are needed 1o burn 2. 53molof CgH 7
+ Caleulate how many moles of oxygen are required to make 27

aluminum oxide. The balanced equation is:
What are the Molar Masses of the following Compounds?

1) NH; i) H,0

i) H,SO, iv) CH,OH

v) NH/Br

How many moles are in each of the following samples?
i) 10gofCa ii) 100gofHg

iii) 30gofNaOH iv) 94.5g0fHNO,
v) 402gofHCIO,

How niany grams are inamole of each-oftht_ffdl'l'dm',.ﬁﬁ bstances?
1) _Nz 1) l?
i) CaO iv) Kbr

V) COC13-6H20
How many meles are in 25gof each of the following substances?

iii) CS, iv) CFCL
v) FeSO,

How many particles are present in 2.5 moles of carbonate ion, CC
%10’ moles ofaspirin (C,H,0,)?

What is the volume of 1.25 moles 0f SO, and 0.50 moles ofargon g%
Butane gas is a fuel and used in pocket lighters. Its molecular o7
CH,,. Calculateits percentage composition.

Calculate the percentage of oxygen in each of the following:

1) S0, ii) 810,
iii) (NH,),CO iv) SO
V) CeH 204

(32)
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(0.29: Hydrogen and bromine react to produce hyvdrobromic acid:

H;+ Br.

> 2HBr

How mam grams of HBr are tormed from reaction of 4.50g of H, with
15.75¢ of Br,? Which reactant is limiting?

Q.30
the reaction?
2 H: e O:
Q31:

Si0,

—> 2H.0
When 30g of silica reacts with 12g of carbon. silicon carbide is produced;
this is an important ceramic material.
+3C " —— SiC

+52C0

(Silicon carbide)
Calculate which reactant is limiting and how much silicon carbide is

produced.

Q.32:

NH,NO. —

Q33
Copper.
Fe +CuS0O,

a)

Q.34:
reaction:
C]NH? + ‘-‘N H?

145g of hydrazin

excess of NH,. Calculate the pereen

39
Qinsy- DA 77 ¢

AUR rass ~\ W - \\= ]\
sz mass fﬁ By 2 agmsl

N" °\ W\ﬂ\v” o& \'\

H)drazwc

eis produccd by the combination of 280g of CINH, with an
msrcacmn

N,O+2H,0

> FeSO.+Cu
What i§ the theoretical ymld of the reaction?

b)  Whatis the percentige ; yvicld of the reaction?
Hydrazine is used as fuel in rockets and can be prepared by the following

tage yield of
wh m x L ‘“\'83

J

66 A > \60&% 0\

2y

"4'( ~ 9 S ¢
z "\"‘E

-

How much water can be made from 50g of hydrogen and 50g of oxygen by

When 227g of NH NO,decomposes. how much N,O and H,Oare fermed?

4.64g of iron reacts completely with an excess of CuSO, and gives 5g of

QNC"\ o2

,9._ '1?-5

Q 'L:L{ aqﬂs'h\b\w HBD ’

' 'Pr\o\ta ol ungnen

%' S\“. n N\?

[ o\ & \Cnesam

%—;co el
Q)(g w0 \AM

c . ﬂ‘? 1_\{3{

\ 51 (= W‘ Gy \ n;:.

0
a3 |
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2.1 Discharge Tt

Ve R L
. -
VAN

re !

c;«:.g,u)"' LSS

T
o et AL

"
= . ibe Experiment q
<= Planck's Quantum Theory
2.3 Boht's Atomic Model
24 X-Ravs
&

4

3 Quantum Numbers and Orbitals
6 Electronic Configurations

- Learing out comes
= The students will be able 10

* Summarize Bohr's atomic theory. (Applying)

e Use Bohr's model for calculating radii of orbits. (Understanding)

= Use Bohr's atomic model for ealeulating cnergy of electron in a given orbiti
hydrogen atom.

e Relate energy equation (for electron) to frequency, wave length, and wave num
of radiation emited or absorbed by ¢lectron.

o [xplain production, properties, types and uses of X-rays.(Understanding)

e Define photonasaunitofradiation energy.(Remembering)

e Describe the conceptoforbitals. (Understanding)

e Explainthe significance of quantized energies of electrons. (Applying) '

e Distinguish among principal energy levels, energy sub levels, and afo®
orbitals, (Understanding) '

e Describethe general shapes of's, p. and d-orbitals. (Understanding) i
Relate the discrete line spectrum of hydrogen to encrgy levels of electrons mn2
hydrogen atom. (Applying) ]

e Describe the hydrogen atom using the Quantum theory. (Understanding) o

e Use the Auf bau Prin.ciplc. Pauli Exclusion Principle and Hund's Rule to ¥
electronic conﬁguratlop of'the e!emcnts.(Applying) o a’ﬁ.i

e Describes the orbitals of hydrogen atom in order of io¢f
energy. (Understanding)

L ]

- B
Explain the sequence of filling of electrons in many electron atoms.( ApPl}""si) |
Write electronic configuration of atoms.( Applying)

(34)
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Introduction I
We know that universe is made of matter. All th
means that everything before you is composed ¢
be seen by vou. The water we drink, the food v

breathe, the chair you are sitting on, the lreess
nvers, the high mounta; 5 | |

The History Of Atomic Cheory
The theory of the atom has h ; phe:
Was among the first who descr 1al world as made up oftin
particles which he called atoms, derived from the Greek word atomes
“uncutable” or “indivisible”. This hypothesis was not 'based on sej
observations. The idea of Democritus was not accepled by Plato and Agist

Scientist of the same time. =i

In 1803, John Dalton, an English school teacher,
chemist, meteorologist, and physicist proposed the first
modern theory of the atom which was experimental based.
He is best known for his pioneering work in the
development of modern atomic theory, and his research into
olor blindness. He postulated that all matter is made of
*xtremely small particles, called atoms, and that all atoms of

! given element are identical, but they are different from (Jf;gmﬂf:m
itoms of all other elements. s

On the basis of Dalton's atomic theory, the atom can be deﬁ'_ned.as the bas@c
mit of an element that can enter into chemical reaction. In this regard, he is

ccognized as the father of the atomic theory. However, this theory raised mon.; |
juestions and a series of investigations, in the 1?11e 19th century, b<i|ga(? io ;;%%neisc

hat atoms are made up of even smaller particles which are ;anene:‘:r i
rarticles. These particles include electr..on., proton. neutron, posi 35, e

lhe arrangement of these particles within an atom determines its p

‘hemical propertics as well as its structure.

.1 Discharge Tube Experiment s e

Milliam Crookes, a British physicist, and other scientists designed the discharge

ubes whidh w;re called the Crookes discharges tubes or cathode rays
| (39)
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tubes. This discharge tube was later slightly modificd by J.J.
Thomison: The Crooks tube was used by Crookes i a
aumber of experiments and was later used in experiments
leading to the discovery of protons by Gold Stein (1886). X
rays'by W. C. Roentgen (1895) and of the ¢lectron by J. J.
Thomson (1897),

William Crookes |
(1832 - 1919) |

Construction of Discharge tube

Discharge tube (cathode rays tube) is a thick walled
glass tube from which most
electrodes (negatively charged electrode. cathoc
anbde) I is also connected 10  vacuum pump to reduce pressure inside the tubg.

filled with a gas, air or vapours of a substance under low pr;l:_s,surc‘ (_10 t{or'r).
000- 10000 V).

of the air has becn evacuated. It has 1wa mﬁ
e and positively charged electry

electrodes of this tube are aitached to a high voltage battery (3

Figure 2.1: Discharge whe (cathode rays tube)

2.1.1 Cathodesrays-Discovery of the Electron
The electric current Cannot pass through gases at grdinary pressure. When pre
inside the tube is reduced and high qutagc I8 apphgd. then the gas beg.iqs—’wg,l
cetric current by producing a uniform glow inside the tube. The coloﬂfgf‘ d

Lo

depends on the nature qf gas and also de.pend.s on the matcr.i'al-_bf glassmbf‘r; :1
discharge tube, the helium gas 810}\"5 with pink colour wlulc:.gggon glowf-rj
orange red colour, When pressure 1s fi m’1hcr reduced to O.Ql torr, Aglow-‘-.d g
and somg imvisible rays are produced in tk?e‘ tube, travehng fr,om the 1 _:__} :
charged electrode (the cathc?dc) to l,h.e positively charged electrode (Ih‘:
They produce glow on the zine sulplude (a substance that pr(i‘du?cs-a vns :
whenstruck by a ghurgd particle) coated glass wall of tube apposite to the*
Theserays arc emitted from cathode, henee called cathode rays.

(3B) |

2l
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Scanned with CamScanner



RN ey e - “1

Crookes and many other scientisis conducted numerous experiments with
Jischarge tibes to study the passage of eleetric discharge through gases during
|870s. From experiments, C rookes coneluded that cathode rays were actually somie
sortofparticles W hich pessess momentum and kinetic energy, but other rescarches

helived cathode rays were form ol light.
In 1891, George Stoney, an_Irish_scientist, prapused that clectricity was

made of negatively charged particles called electrons: - e
( Electrons were first disc vered by a British scienfist.

Joseph John Thomson (J.J. Thomson) in 1897, who was — 3

more interested in electricity than atomic structure. He B

modified Crookes twbe and calculated the charge-to-mass

ratio for the electron by studying the degree of deflections of

cathode rays in different strengths of electric and magnetic : _
fields. He concluded that electrons are much smaller and Josc",h ofin Thomson

lighter than atoms. He found that the mass of onc of these (1856-1940)

particles was almost 2.000 times lighter than a hydrogen
atom. Thomsen suggested thatatoms were divisible, and that the electrons were the

basic constituent of matter.
J. J. Thomson got Nobel Prize in 1906 in physics tor discovery of electron

and for his work on the conduction ofeleetricity in gases.
Properties of Cathode Rays

i} In 1869, Hittorf observed that
cathade rays produce shadow. when
anopaque object is placed in their way.
This proves that they travel in straight
line in the absence of electrical and

magnetic fie!d

W) In 1870, William Crookes A
demonstmtad tﬁm cathode rays can :‘“ gg @ ‘-T

folate 3 small lhm mica paddle wheel
Placed in their way, It proves that

Object

de rays consist of particles =1
*‘“me definite mass, velocity and Al
““’me!zmm, Figure 2.3: Cathode ruys rotate a small
' paddle wheel
(37)
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) In 1895, J. Perrin demonstrated
that cathode rays bend towards
positive plate of electric ficld. This
shows that, they are negatively
charged.

iv) In 1895, Wilhelm Roentgen
demonstrated that cathode rays
produce x-rays on striking with heavy

metals anode like tungsten.
v) In 1897, J. J. Thomson

demonstrated that if they arc passed
through magnetic field. the magnet
neither attracts nor repels the particles
but causes them to move in curved
path perpendicular to the line drawn

between the poles of the magnet.
vi) Thomson also determined e/m

ratio of electrons. He found that the
e/m value of electrons remained same,
no matter which gas is used in the

discharge tube.
vii) They increase the temperature of

object (platinum foil) on which they
strike. It proves that they have particle

Fipure 2.4: Deflection of cathod@ rays
i the-presence of electric lield

Figure 2.5; Deflection of cathode rays he
presence of magnetc fyeld

ture.
na _ s .

T Tnteresting Information =
No\;;:iays cathode rays are used as advertisement neon signs. Television pieture o
and monitors of computer are also cathode rays tube. The telcvision and M
pictures result due to fluorescence on the television and monitor screens coated ¥

rtain fluorescent materials. //1
. ce

viii) They produce glow when ZnS is placed in their way.

They can ionize a gas.
y can pass through a very thin sheet of metal.

(38)

ix)
X) The

—
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T
<y They produce fogging effect on photographic plates.
«ii) They can cause a chemical change because Sf their reducing power.

\,i(.;;_\(;{’t‘k)]:";ig ofe/m Ratioo [ Elect Fon

1n 1897, 1. J. Thomson measured e/mratio of electron. A discharge tube used for this
sumpase Is shown here.

Fi!l\').- "_ll‘,\ = indd “Eraw Yy r . r
gure 2,61 Discharge tube used for méasurement of charge/mass ratio of an clectron

In this experiment, 2 beam of cathode rays is passed through slits of anode
Then cathode rays (electrons) are allowed to pass through electric and magnetit;
fields. Tn the absence of any ficld. the beam of electrons gives bright lzlim-inous spot
at P1 When only magnetic ficld is applied, the beam of rays (elk:clrdné) stnkcs a.t
pqmt P,. When only electric field is applied, the electrons strike at po‘int Pg. When
bQIh the fields are applied simultaneously, then electrons again strike at po'iht'P:»
l-Ience by comparing the strengths of both the fields and with the hél‘ c:f
Mathematical calculations, J. J. Thomson determined the e/m ratio ofélectr‘c.mls) it
Galeulated value is equal to 1.7588 x 10" coulomb kg', this means tha't:.l.‘k. ' i‘
electrons have 1 7588 x 10" coulombs charges. =3
_After the charge-to-mass ratio for the electron had been determined
deltlQnal exXperiments were necessary to determine the e
Value ofigg charge so that the mass should be caleulated.

i\‘ ) . ' -
(\I‘L.‘“.Ul ementof Chargeon Electron
I;'i.'"'k"m's Oil Drop Experiments)

909, Robert Millikan working at the University of

-‘Cago, determined the charge on electrons by oil drop
XPeriment

obert Andrew Mii
(18681953

R likan

(35)
|
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~ Theapparatus consists of: |
1) Ametallic chamber having two parts: 1
(@) Theupperpart: [t hasanoil atomizer (sprayer). |
(b) The lower part: It has two - ;
-;a)mmaes Aand B. These electrodes ey e e i
are used to produce electric ficld in |
the space between the electrodes,
i) Thereisatelescope in lower pari
to observe oil droplets,
1if) X-rays are used inthe lower par ™ rewe 2
of chamber for ionization of gas.
iv) Anarc lamp is used to illuminate
the space between the electrodes,
V) Avacuum pump: It is used to

adjust the pressure inside the : Ve |
- O araplet Under Ohsenation .
chamber.,

Figure 2.7: Millikan's oil drop experiment (o

Waorking mieasure the charge of an electron E
A fine spray of oil droplets is i
produced by atomizer in the space above the two plates ( electrodes). A few drog
enter the space between the two electrodes through the small 'hdl'e.'ﬁ"‘*’h' :
closed at once; the arc lamp is tumned on to illuminate the space between
electrodes. Without applymng electrie field. the droplet falls under the foree!
gravity. The velocity of fall of the droplet is measured. The velocity of dropm
directly proportional ta its welght, 3
V66 W o1 T e R 1) |

Now the air present in the chamber is ionized by & beam of X-rays. Tt
process, electrons are produced. The oil droplets take up clectronsénd W
charged. The electrodes A and B are then connected to a battery, | ' this way
clectric field is produced, Now droplet is under two fi e 2l i 1S.
clectric foree), The charged drop] : ™0 Yorces (force of gra\__W &
PIELS MOve up wards against the force of gra¥

1

with velocity V,, when electric foreeis greater than that of gravitational force:
V, = He-me (ii) j
L | S R s i1
By dividing eq, (1) by (ii), we have: |
V mng
v, m “essensieeeane.. (i)
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By re-arranging ¢g. (1), we have:
fo 2 Mt My -
. Vs X mg W et G S (iv)
V. xH

By putting the values of velocities {V, and V), force of gravity (g), mass of
droplet (m)and electric strength (H), the charge (¢) on oil droplet is calculated.

By changing the strength of electric field (H), Millikan and his coworkers
found that the charge on each droplet is different. The smallest charge which they
found was 1.59 % 107" coulomb; This was the charge of one electron. This value is
very close to the recent value of 1.602176 % 10" coulomb. With this value and the
charge-1o-mass ratio determined by Thomson. Millikan was able fo calculate the
mass of the electron as 9.11 x 10" kg

\

{ Keep in Mind:

}

Millikan and his coworker measured hundreds of droplets &nd found that the charge on
them was always a simple multiple of a basic unit, 1.59% 10 coulomb From this they
\ concluded that the charge on an electron was numerically 1.59 x 10" coulomb. =3

Calculation of Mass of Electron
The mass of an electron can be calculated from the values of charge-to-mass ratio
(e/m)and charge on electron (e).

¢/m value of electron = 1.758820% 10" coulombkg"
Charge of electron = 1602176 x 10" coulomb / electron
Mass of an electron = ?c

Mass of an electron = o

By putting the values, we have:
1.602176 x 10™C / electron

Mass‘ofclcctron L~ 1758820 x lO“C‘/kg
= 9.10938 x 10" kg/electron
= 9.10938 » 10 " g/electron

*1.2 Discovery of Proton

n 1886, Eugen Goldstein took a discharge tube in which cathode was perforated.

I¢ observed that another type of rays was also travelling from anode to cathode

long with cathode rays in the discharge tube. He observed a glow behind (he

athode. This was due to striking of rays on the glass wall after passing through the

anals or holes of cathode. Hence these rays were passing through the canals of
()
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cathode; therefore. they were called canal rays. Later on
these Fays were called positiverays.

; These rays do not emit from anode, They are postive
1ons which are formed due to striking of fast moving
cathode rays (electrons) with gas molecules in the discharge
lube. As a result of this, they ¢ject electrons [rom the atoms
of gas molecules,

Eugen Goldstein =
(1850-1930)

| e—@ o [
e—> >
«—o
B

0 \
o>

e—>
«—0 |

v

Figure 2.8: Canal rays

Properties of Canal Rays

Properties of canal rays are:

i) Theymoveinstraight line towards cathode. |
ii) The behaviour of these particles in the magnetic or electrical field is opposite!
that observed for electron or cathode rays.
iii) Chargetomass (e/m) ratio is much smaller than that of electron. Charge tot
ratio depends upon the nature of gas present in the cathode rays tube. Heavier

oas. smaller the ¢/mratio, |
;v) The lightest and simplest positive lons (canal rays) were produced
hydrogen gas and were called protons. The name proton was given by Rutherfo b
v) Themass of canal rays 1s never less than that of proton,

Mass of proton (positive particle)is 1.OO727amu or 1,6727 « 107Ke.

vi) |
Charge of proton is1.6022 x 10 mcoulombs.

vii)

The elements can be @emiﬁed by the number of protong (atomic number) in M
Joms, The atoms which have same number of protons are the atoms of he =
and the atoms which have different number of protons are the alo™

—" (47)
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2.1.3 Discovery of Neutron

In 1920, Rutherford predicted that some neatral particles having mass equal
to proton must present in the nucleus ol an atom. Because he observed that
hydrogen atom has only one proton and that the helium atom has two protons
Therefore the mass of helium must be two times greater than that of hydrogen atom
(electrons are much lighter than protons, their masses can be ignored). In reality, it
was four times the mass of hydrogen atom. The added mass was due to another
subatomic particle found in the nucleus, the neutron. But he failed to discover this

subatomic particle.

In 1932, a British scientist. Sir James Chadwick
discovered neutron by artificial radioactivity and was

awarded noble prize in Physics in 1935,

Chadwick bombarded a thin sheet of Beryllium by
c-particles. He found that some highly penetrating
radiations which have mass slightly greater than that of
protons were produced. These radiations were called
neutrons because the charge detector showed them to be

neutral. Their nuclear reaction is:
SHe + 2Be

b’

Keep in mind:

The neutron has about the same mass #s the proton, but it has no clectric charge.
Any object that has no net electric charge is said to be electrically neutral, and that

is where the neutron got its name. , .
ber of electrons is equal to the number of protons but the

e Inuneutral atom the num . ' i
mimber of neutrons in a nucleus is not directly related to the numbers of protons

>

:i(»

|
U '1

(1891-1974)

/

\__andelectrons.

Properties of Neutrons

Properties of neutrons are:
i) They are neutral particles.
1) They cannot ionize gases.

1i1) Theyare highly penetrating particles.
iv) They can knock protons out from paraffin, water, paper etc,

v) The mass of neutron is nearly equal to proton i.e. 1.00867 amu.
vi) Freeneutrondecays into a proton, electron and neutrino.

(43)
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vil)  When neutrons tavel with encrgy 1-240) MeV. they are called fast ()
When they travel with kinetic energy 1-10 ¢V, then they are called slow neux o
Slow neutrons are more ¢ffective than fast neutrons. e
viil) When they are used as a projectile, they can carry out nuclear reactions, b
example:
' 4
&) g+ N —— 1B ¥ SHe
) .',n + !-Iz;('u ——y ('“Cu + hv

Uses. l\b('u AT (v(tzn . .'3 ‘

They are used in the treatment of cancer, in nuclear fission and to pr
radioactive elements.

(
Kup In mind:

_
Thenmxberofneuuonsmmcnnc!m afammofthemeelcmeutmbe different.
twoatoms have the same number of protons and dlﬂ'emtmmba:s Gf neutmus, '
atoms of the same element. However, they ha\'c d!&‘emat nass j:ecause '
different numbers of neutrons. Such atoms are said to be isotopes of each other. B
1sotope of an element is usually identified by its mass number (A), which is defin
uhc sum of the number of protons and the number of neutrons in the nucleus of ana o

Table 2.1: Prope x qf 'ﬂ\ree Fmdamental Particles

1 m?"dw' 000054 l910938x10:' —}-__._ >

e S

',+1602le0"" 100727 '[67252x1()~* s J

- —

N
. X
: -

o[ e 0
it Example 2.1 R o
How can you calculate the mass of proton relative to electron?
Solution:
Mass of proton = 67262’210‘2“g
Mass of electron =0 10933x10-~88 i3
Mass of proton relative to electron = 9 SE

- (644)
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e ‘ oot Mass of proton
Mo b olECIEON= i Zor AT aloctran

Mass of proton relative 10-CE Mass of electron
167262 %10 g

9.10938%10 “'g

= |836
& J
e e TR = _ : Ty D
.I .-.-:‘ ;._':;'«'_:r_': A bydamsy: t:_ ~< o e = 2 E -— 3 e '::‘,-
How can you calculate the mass of neutron re aiveto electron? =
i e e QYRR T s e s
rd’s Atomic Model

2.2 Discovery of Nucleus and Rutherfi

2.2.1 Discovery of Nucleus

In 1911, the New Zealand physicist Lord Ernest Rutherford
in England performed an experiment. He bombuarded -
thin gold foil of 0.00004cm. The c-particles
m a radioactive metal (polonium or
he obscrved that, most of the
passed through the metal foil
but less than 1% (about | of
different angles. Some of
were detected by

particles on
were emiited fro
radium). During experiment,
(-particles (more than 99%)
directly without any deflection,
every 20.000) was deflected at
these were deflected backward. They

PhO'Ogl'aphi.c.platC'cqatcd?by ZnS. 3
ent were put forward by Rutherford in the fonn of

A
Rutherford
(1871 - 1937)

Results of this experim
Rutherford’s Atomic Model.
mwdms\ BwI of AlpmiReys
P : i ’ -
| & S g 2
'gf '.-* e A 7;
@
i3 =
| @ lind
Alom of Gold Foil 3
Lindeflected Alpha-Riys

Figure 2.9 Few Alpha Rays are deflected which shows
the presence of small positively charged nucleus

(42)
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<.2.2. Rutherford's Atomic Madel

Mai“ points of Rutherford's atomic ntodel are as follows:
1) Most of the volume of an atom is emptly space in which electrons move A
the nucleus, '
H) Nearly all the mass of an atom is present in the central part, called nucleyy,
) The size of nueleus is very small as compared to the size of atom. |
1V)  Nucleus of an atom has positive charge. This is indicated by wide rang

deflection of few-particles,
v J Positive charge on nucleus is equal the number of protons in the nucleus,

v1)  Thenucleus is surrounded by a number of negatively charged particles, cally
electrons.

vii) The number of clectrons (negatively
charged particles) is equal to number of protons
(positively charged particles) in an atom,
Therefore, atom asa whole is neutral.

viil) The electrons are in constant motion around
the nucleus at large distances with very high
velocities like plants around the sun n their
orbits.

ix) Protons and neutrons are present in the

nucleus and they are ealled nucleons. Eigure 2.10.
x) There is electrostatic force of attraction Rutherford’s Atomic Mol

between protons and electrons.

Defects in Rutherford's Model

Rutherford's atomic model was similar to our solar system. It has following defet
i) Rutherford's atomic model was based on the
laws of gravitation and motion which could
applied to the neutral bodies like plants but not o
the charged particles like electrons and protons.

ii) According to Maxwell's theory, charge
particles i.¢. electrons revolving in an orbit must
radiate (emit) energy. Therefore energy of
electron must decrease and it will go into spiral
motion. So finally it should fall into the nucleus.
Thus the atom would collapse.

iif) If revolving electrons release energy
continuously. then lht‘)f should produce a : Fignre 2'”_f,,. 3
commuous specmlm it m_ actual pl‘aclice, line Spical Motion of Ele
gpecuum in produced by anatom.

ot

(46)
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2.3 Planck's Quantum Theory
n 1900, a German physicist Max Planck gave guantum
theory of radiation. He studied the emission and absorption
of radiations which are obtained from hot objects at
different temperatures. Planck said that alor.ns and
'molecules could emit or absorb energy only in discrete
quantities (small bundles). Planck gave the name quantum
(meanmng “lixed amount™) to the smallest quantity ofenergy Max Plinse
that can be emitted or absorbed in the form of (1858-11947)
electromagnetic radiations,

Main points of this theory are:
i) Energyis not emitted or absorbed continuously in radiation form.
i) Energy is emitted or absorbed in packets. Each packet is called quantum. In
case of light, the wave packets are often called photon. |
nt) Energy ofeach quantum is directly proportional to the frequency ofradiation,

Elet Y or
I ) S e I e T (1)
Where. £ is Energy of quantum, ¥ (nu) is Frequency and / 1s Planck’s constant,

Its valueis 6.6262 % 10 '], sec. |
iv) An atom or molecule can emit or absorb either quantum of energy (hy) or any

integral multiple of a quantum (nhy)
! = NNY: R e aaaeiaeralals i (ii)

Where, n = 1,2, 3,4, ... 96 s
The energy can be emitted as hy, 2hy, 3h¥ and so forth but never as 1.5hy, |

2.6hy, 4.3hy or any other fractional value of hy. | st
In 1918 Planck was awarded the Nobel Prize in Physics for his work on the

{uantum theory.

I requency
lhe number of waves passing througha point inone second is called frequency. Itis
shown by . Its units are hertz or cycles/sec. Itis measured by spectrometer.
thré ¢ is velocity of light that 1s 3 X 10'm/sec and A (Lambda) is
vavelength, |
Note that ¥ is directly proportional to ¢ and mnversely proportional (o A
(47)
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- Wavelength
The distance between two adjacent crests or troughs of wave is called wavelen it

1sshown by A (Lambda). Its units are m. nmor A’ |
Tuble 2.2: Units of anetcaglh for Electromagnetic Radiatﬁons

!

.

Flgure7 12 rhedlstdm.c beltween the two

LG H

he number of wavcspmen inone cennmeter fstance 1s call od wave nur
the inverse of wave length. Itis shown by ¥ (nu bar). =

As, >

Y Ee=CYy N
Hence, = :

N =

y 3 '

Itsunitisem . Its ST unitism ', =
Atomic Number - ot

The number of protons in an atom is called atomic number, It is also
number. Itis shown by Z. Atoms are neutral because they have the

(48)
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electrons and protons. The number of electrons in a neutral atom is also equal to the
atomic number. .
Relation between Frequency and Wavelength

The frequency is related to the wavelength of the photon as:
¢
y = —

' 1 4

A
By putting the value of v in equation (i), we get
Nl
E=h. R S R o S (111)

So. energy of photon is directly proportional to velocity of light and
inversely proportional to wavelength.

Relation bet_s_veen Wavelength and Wavenumber
Wave numbt]:r (V) 1s the inverse of wavelength.
Yy =—
X or
L I T (1v)

S0, energy of photon is directly proportional to wave number.

24 Bohr's Atomic Model
[n 1913, the Danish scientist Neil Henrik David Bohr
explained spectrum of hydrogen atom. He received the
Noble Prize in Physics in 1922 for this work. Bohr's theory
was based on Planck’s quantum theory.

The main points of this theory are:
) Electrons revolve around the nucleus in the circular
fpath called orbits or energy levels or shells. Electrons in o o e ol
tachorbithave a definite amount of energy and are at a fixed (1885-1962)

distance from the nucleus.
1) Electron does not radiate (emit or abserb) energy as long as itis revolving in its
orbit,

iii) The electron absorbs energy when it jumps from lower orbit to higher orbit and
itloses energy of one photon when it jumps from higher to lower orbit,
V) When an electron jumps from one orbit to another orbit, there will be a change

in nergy. For example when an electron jumps from first orbit (E,)to second orbit
(E,), then the energy changeis given by Planck's equation,

(49)
;
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El“ E[ = hy or
AE = E'» —E = ] y
Where, = | 1

AE is change in energy, *h’is Planck's constant and *¥'is frequency
The angular momentum (mvr) of an electron revolving around the nuicley
quantized. It is an integral multiple of Planck's constant (nh) divided by2r.

_ nh
Angular momentum (mvr) = =
Where,
n = 1,2.3,4,.. 00 Itrepresents number of orbits.

‘m’is mass ofelectron, ‘v'is velocity of electron and r”is radius of orbit,

By putting the values 1,2, 3, etc. of n, we have:
-ll, _Z_h : }_11. etc.
2z 2r 3In

nh

There is no fractional value for e

An atom has only a limited number of permitted energy levels, and an elec!mnf
bound to remain in one of these energy levels (orbits) and not in between them.TH
is analogous to steps on a staircase. Where you are on a staircase is bound tostand!

anyone of the steps and you cannot stand between two adjacent steps.

2.4.1 Derivation of Radius, Energy, Frequency, Wavelength, #
- Wavenumber: A |
Calculation of Radius of Orbit F oy pepulsive

- Consider an electron of charge e and ik

mass m is revolving around the nucleus
with velocity v at a distance r. Nucleus has
total charge Ze', where Z is the proton
qumber and e is the charge on proton.
There are two forces acting on eleciron:

i) The attractive or centri Petal force

ii) The repulsive or centrifugal force.

The centrifugal force which takes
y from nucleus is:

wa
' e Figure 2.13; Electron ©% 4|
F =~ coorcmeeevinvin (i) the nucleus in the hydr™=

(30)
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The electrostatic force of attraction (centripetal force) between e
nucleus 1s; . 4
F o Ze.e

3

r
-
-

or

F o — or
52
Ze’

F. = x
T R (i1)

Where, 4mne is proportionality constant, €, (Epsilon not) is vacuum permittivity. Its
valueis equal to 8.8545x10 " C*J 'm™".
Inorder to keep the electron in its orbit, the centrifugal force must be equal to

centripetal force.
my’ = Ze'
r dne 1’ |
2 ZC?T i
e e |
4ne rm :
2 Ze? Gib)
v = ST e S iii
4me, rm
According to Behr's atemic model, the angular momentum of an electron is:
L o |
mvr = —
& |
m |
v =
2nmr I
By taking the square, we have: |
242 : |
T o |
4a°m’r i

By putting the value of v’ from eq. (iv) in eq. (iii), we get

Ze? n’h?
= T
4ne,r m 4nim’r
Now, we can calculate the value of r,
ﬁ - n’h . 4x£°2m
3 4n°m’ Ze

(a)
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n he,
-~
mmZe”

Equation (v) can be written as,

9 b
h7e, n-
r —
5 <
nme - Z

This equation tells us that, the radius, r of an atom is directly proportion “

the squarg: of number of orbit (n). So higher orbit has larger radius. In the eq, (V).

h B 0
factor ——%— 15 constant. Its value 1s 0.529A (52.9pmor5.29x1 0"°m)‘ It is deng :

by a, (Bohr’s radius),
Hence, 2
L h £
| M 2
ame
Therefore,
_‘—"""__h
Po= g ) or
s 1
Z

The above relationship shows that,
i) Theradius ofanatom s directly proportional to the square of number of ot

1) The radius (r) of an atom is inversely proportional to the atomic pum
(number of proton) Z.

Calculate the radius of first four orbits of electron of hydrogen atom.
Solution:

The equation to calculate the radius of an orbit is:
2
n

I = ——x% g

Z

The__atomic number (Z) of hydrogen atom= |

Bohrs radius (Valueofa ) = (0.529A° »
By putting the valuesofnas 1,2, 3, 4 in the equation we gt A
| (52 e

i
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Radius of third orbit thydnogen atom (r,) = le_
1

; : 2
Radius of fourth orbit ofhydrogenatom (r,) = (4']) x 0.529A = 8.46A
Itis cleared from the above data that d; f i ine )

stance betw | increasing
from lower to higher orbits. Hence, i My =
. l'z—l'| <l'3—l'2<r‘-l’3<... |
i) Trl:)gt'second orbit is four times away from the nucleus than that of first

orbi s
1) The third orbit is nine times away and fourth orbit is sixteen times away

from the nucleus. %

;dcuhﬁon of Energy of an Electron (in H-atem)
otal energy of an electron revolving around the nucleus is the sum ofits kinetic and

otential energies.

| R € = L Lo S e S et (vi)
KE = 21 PRV = s e e (vii)

Potential energy is the amount of total work done for bringing the electron
am infinity to distance r.
o 2
PE = — Ze
4me,r
In equation (viii) minus sign shows that the energy is released (or decreased)

¢ to attraction between electron and nucleus.
By putting the values of equation (vii)and (viii) in equation (vi), we have

(viii)

ooooooooooooooooooo

1 Ze®
B =" (= mv*) 3=
(2 B 4ne 1 )
P it e
E = —mv® = —— il X
2 4ne r (ix)
: 2 i
By putting the value of v from equation (iii) in equation (ix), we have

(33)
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Ze? ze’

B _ 2 o
2  4dmesrm dne,r
2 2
E - 2 Ze
8xe r 4ne 1
By taking LCM we have,
2 w2
B 2 -2
8re 1
2
| Ik L & Vanimoies colan o o EOAEN (X)
8ne,r

By putting the value of r in equation (x), we have

2
E = - thz o
n“he, '
87t8° Zel |
Ze2 anc2 l
8ne, n hzeo |
|
B Zze‘m
8e2n’h’ =
4 2
em 74 ‘
Roe=l O Rt LA A 1 |
88§h2 T e, (x1) |

In the above equation when constants (8, e, m, g,
constant K, the esquation2 (xi) will become:

Z
E = - Kx —

n2
Energy of electr%x; inthe nth orbit jg:
Bn = - Kx ‘2

n

al i ; '
The valueofKis 2, 18x1 'sl,hencetheequationcanbcwrim“”

E, = — 218x]07%y, Z;:

Scanned with CamScanner



E, = energyofthe electron in the nth orbit.
Z = Atomicnumberofthe element.
n = Pnneipal quantum number It shows number of shells.

[n the above equation:

1) Thenegative sign shows that the electron is bound to the nucleus in the orbit by
the electrostatic force of attraction. .'

11) Asthe value of increases, the value 0

f'£ should decrease but due to presence
ofnegative sign in the formula. the actual va

lue of energy will increase.

[ Example 2.3 s )

Calculate the energies of electron of first fourshells (orbits) of hydrogen atom.
Solution:

The equation to calculate the energy of electronina shczll is:
B, = = 218x10" jx Z
n

Atomic number of Hydrogen = Z = |

2
Energy of electroninthe 1" orbit(m=1) = E, = - 2.18x10°* 7 « L‘Lz
- 2.18x10""%)

- 1)?
Energy of electronin the 2" orbit (n1=2)= E, = -2.18x10"%] x %2_;_2_
— 0.54x10%)

LAy 1 1 2
Ell,ergyof‘t:lt’:cn'oninthe3"'orb|t(n=3) =H; - 2.18x107'%) x (_)_2

— 0.24x1078)

(1)°
(4)*

' ' -18
Energy of electroninthe4” orbit(n=4)= E, = — 2.18x10™] x

= —0.14x10"%)

We can see that energy of the electron increases when number of orbits increases,
E, <E < E < E,

(55) -

S
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Calculation of Energy Difference (AE): |
AE is the amount of energy released or ahsorbed when an ¢lectron

from one orbit to another orbit.
(xiit)

AE = E,-E, i saisanaer i ol
According to Bohr's equation, the energy of electroninan orbitis;
2
Eﬂ e K X Za
n. = . '
The energy of electron inany lower orbit (n,)18:
ZZ
El e K x —2—
The energy of electron in any higher orbit (n,) is:
Z-
Ez - - K X

"2
By putting the values of E, and E, in equation (xiii) we have:

—GKx—)(Kx%) or

2 |
-

2 2
AE—(—Kxg—+KX—Z—) or
n; i
K i K x Z or
— I S AT
el
1 1 .
AE = KZZ['."Z"‘ =] emieuies (xiv)
n; 0

ForHydrogen atomZ 1, hence,

AE = K[-—— = ;'2"]
l ’
We know that the value of K= 2 8x10°"*J, therefore,

AE = 2.18x10° "‘J[r—l-:—— ]
|

cul;ge_ the amount of energy needed when an electron jumps from $¢
((;a.l. z)tofourth orbit(n= '4‘)”%1ydrogen atom. .
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The value of constantK = 2. 18 x107'%)

The equation to calculate the AE is:

AE = 218 x10° “‘J[ =

Z

By putting the values we have,

AE = 2.18x10 %31 _
[(2)’ (4)2]

= 2.18x 10*‘81[-1- 2 _16]

= 2.18x107'%)
[ v 1

= 2.18x107 '8 =
[[6]

= 2.18x107'%1x0.1875
1019
L = 4.087x107") J

Calculation of Frequency
According to Planck’s theory, the energy change (AE) is directly propomonal to the

frequency of radiation.
AE = hy
We know that,
e
= KZ*[— - =]
G
Therefore,
1
hy = KZ? —!i-— = or
n, n;
Kz ol (xv)

h nlz 02
Unit of frequency is cycles per second or Hertz.
“alculation of Wave number
Ve know from Planck's theory that,
| y = ¢y
We also know that,
(37)
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A | 1
3 :_—’[‘?*—-.]

honj
By putting the value of ¥ in the above equation, We get,

ik T O | 1
e b
R | PR
‘Y~=.:K£. ._l;._._l:] or *
he “ny  n :
e R (| ‘
Tl e ] pe e
hc [nl2 n§]

The constants EKcan be replaced by constant R, (Rydberg’s constant)s

ol i

n3

5 = R.Z'[

For hydrogen atom Z=1, therefore,
A, 1 1
| = Rqo[—g- = '_2']
n 0
Unit of wave numberism .

The value of R is 1.09678 x 10'm ',

Usefulness of Bohr's Atomic Model

i) Itis useful to calculate the radius of an orbit.

ii) Itisusefulto calculate the energy of an electron,

iii) Ithelpedtocalculate the AE, frequency and wavenumber. i
iv) It explained the spectra of hydrogen and hydrogen like atoms (ions) 3%
He'".Li* andBe"",

v) Itexplained the stability of atoms and their ionization energy.
vi) It shows the orbits in hydrogen atom.

~ca
-
1

n

2.4.2 Spectrumof Hydrogen Atom wh
Hydrogen Spectrum is an important example of atomic spectrum. Whe?

gasis filled in dlSCh?rge tube at very low pressure and then high voltag® l:d
bjuish light is emitted from discharge tube. If this light is Pas®

1CON



spectrometer, several sharp lines of different wavelengths are produced. They are
called spectral lines. These spectral lines are classified into five groups called
spectral series. These series were named after their discoverers.

i) Lyman Series 11) Balmer Series

ii1) Paschen Series iv) BracketSeries

v) Pfund Series

The first four series were discovered before Bohr's atomic model.
Origin of Hydrogen Spectrum
We know that, there is one electron in hydrogen atom which is present in first orbit
atroom temperature. This is the lowest energy state or ground state of this electron.
When hydrogen gas is heated, its electron jumps from lower energy state i.e. n =1
to higher energy state or excited state i.¢. n,=2 34,5 6,7etc. depending upon the
amount of energy absorbed. Now the electron will become unstable. When it comes
back from higher energy levelsi.e.n,=2,3,4,5,6,7 etc. to lower energy level i.e. n,
= 1. the same amount of energy is released in the form of spectral lines (bright lines).
The series of spectral lines are as follows:
Lyman Series
When an electron jumps from a higher energy level n,(i.e. 2, 3,4, 5, 6 etc.) to lower
energy level n, (i.e. 1), a series of spectral lines are produced. This series of lines

appears in the UV region of the spectrum.
Balmer Series:

When an electron jumps from a higher energy level ny(ie. 3,4, 5, 6 etc.) to a lower
energy level n, (i.e. 2), a series of spectral lines are produced. This series appears in

the visible region.

Paschen Series: |
When an electron jumps from a higher energy level n, (i.e. 4,5, 6, etc.) toa lower
energy level n, (i.e. 3), a series of spectral lines are produced. This series appears in
the infra-red region.

Bracket Series: . |
When an electron jumps from a higher energy level n, (i.e. 5, 6, ctc?.) to a |ow§:r
energy level n, (i.e. 4), a series of spectral lines are produced. This series appears in

infra-red region.

Pfund Series:

When an electron jumps from a higher energy level n, (i.e. 6, 7, etc.) to a lower

(33)
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energy level n, (i.e. 5). a series of spectral lines are produced, canedpﬁmd |

This series appears in infra-red region. Continuum ity
=X §
n—=on
=5
Phind sericy
(IR region)

=

n=4
Brucket series
(IR region)
n=3

Paschen senes
(IR region)

s paiova

|
e
—
- R
e —
Fereresaw

Balmer Senes w
(Visible region) :

el }ggj

Lyman scrics . pigure 2.14: The different produced
yImn 14 spectral series
(UV region) due to electronic transitions

1 45670 | 3 | e
i ,
S

| 5r6>7,8.m T
6789500 [ 25|

2.4.3 Defects of Bohr's Atomic Model

It failed to explain: ,
i) The spectrum ofmore complicated (multi electron) atoms. ‘
ii) The objections raised on Rutherfords atomicmodal. i
iii) Zeeman Effect (splitting of spectral lines into still thinner and cl

(B0) J
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lines in the presence of magnetic field) and Stark effect (spli tting of spectral lines
into still thinner and closgl y spacegi lmcs. in the presence of electric field).

) Motion of electrons in three dimensional spaces. It explains motion of electrons
i circularorbits. -

Reason of Zeeman and Stark Effects

When a strong electric and magnetic field is applied, the spectral line of sodium

atom splits up into further thinner closely spaced lines. The number of closely
spaced lines is corresponding to the number of values of magnetic quantum number,
Henceeach line represents an orbital.
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Firework Displays:

Firework'is a device containing explosives and combustible chemicals that generate
coloured lights, smoke and noise and are used for display and celebrations. There is a
lotof chemistry involved in fireworks. The colours that appear in fireworks are due to
the presence of different metal compounds. The metal compounds emit characteristic
‘colours when heated, When an element is heated, its clectron jumps from lower energy
| state (ground state) to higher energy state (excited staie). Now the electron will
become unstable. When it comes back from higher energy state to lower energy state,
the energy is released as light of specific colours. The colour of light depends on the
dlement (metal) to be heated. For example, lithium compounds (LiCO;) cceate red
lours; sodium compounds (NaCl) create yellow colours, barium compounds (BaCl,)
create green colours, copper compounds (CUCl,) create blue-grecn colours, potassium
Sompounds (KNO,) create violet-pink colours, rubidium compourds (RENO) create
Viltxed colours, and aluminum, beryllium or magnesium powders create bright

White col

\ o

55 X-Rays
i"s'l P]'Odncﬁon, Pmpcrﬁes and Uses

&
Toduction of X-Rays s
i 1895, a German Scientist Wilhelm Conrad Roentgen =
Vered that when fast moving electrons collide with _;7‘- .
\'y'mem anode in the discharge tube, some unknown |,
T}z f;gh energy rays are produced. They were called X-|
isit',;e-"‘ys are electromagnetic radiations. They je N0l yihelm Conrad

and are of higher frequency and shorter Rocnteen (1845-1923)

(61)
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wavelength than visible light. Roentgen was awarded the Nobel Prize ip

High voltage battery =

Vacuum pump

' L, -

=y
Cathod
‘athode
@ E

Fast moving :‘Jﬁd

glectron ‘

X-rays
Figure 2.15; Production of X-rays |

Properties of X-Rays
i) They are electromagnetic radiations and cannot be deflected by el

magnetic fields. Thus, travel in straight lines.
ii) Theyareinvisibleto the eyes but can affect the photographic plate, !
iii) They have very high penetrating power through matter. This is because!
raysare used to study the interior of the objects. -
iv) They can damage genes, chromosomes and other cell componen_ﬂ*i_'
passing through living tissues.

v) Theyare highly energeticrays. Therefore, they ionize gases.

vi) They have high frequency. Their frequency depends upon the m&™=
anode. Due to this reason, different clements produce X-rays of &
wavelengths. ) .
vii) The frequency of X-rays increases with atomic number of the element®
anode in the X-rays tube.

+iif) Frequency of X-rays ranges from 3x10'® 10 3x10'*Hz.
ix) The wavelength of X-rays range from (.01 to 10nm.

(62)
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e Elcctromagnetic radiation is a form of encrgy that travels through space at a
constant speed of 3x10’'ms” and can exhibit wavelike o‘:';h particle-like
properties.

o The wavelength of electromagnetic radiation determines the amount of encrgy
carried by one of its photons. The shorter the wavelength, the greater the energy of |

o  The frequency and energy of electromagnetic radiations are inversely prom
toits wavelength, o Ty peoporsionsl

\

Usesof X-Rays
X-rays diffraction techniques are used in the study of crystal structure because

li) X-ray images are used for the detection of dental cavities, bone fractures and to
ifferentiate between hard tissues (bone) and soft tissues (blood and muscles). X-
ys pass through soft body tissue but are stopped by harder tissue.

) When high energy X-ray photons are passed through gases, they increase the
mperature of atoms and molecules and electrons are ejected. These free electrons
y ionize additional neutral species. Through this process, reactive ions and free
icals are formed, leading to further chemical reactions.

X-rays are used for quick examination to check the luggage of passengers at
rports.

) In industry, X-ray images are used to detect flaws (i.e. cracks) non-
structively in metal castings thatare inyisible.

i) X-ray microscopes are capable of magnifying

resolve features on scales as small asabout 40nm. 2
i) The presence of coatings and varnishes, and the compositions of glasses,

reelain, and enamels are revealed through X-ray analysis. .
X-rays are used to study chemical reactions on surfaces, the electronic

uctures of semiconductors and magnetic materials, and thé structure and function

hoteins and biological macromolecules.
(3)

X-ray absorption images so as
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< ) Types of X-Rays
When an electron in the cathode rays collides with metal anode (target), "Can :
an electron from an inner shell (K-shell) of the atom. The knocked ¢
have to leave the atom because there is no vacancy in the higher energy "’Vds. |
produces a vacancy (hole) in the inner shell. The electron from ¢
energy levels (i.e. L-shell or M-shell) , .
then drops down to fill the vacancy,
emitting a high energy photon of X- %™
rays. L-shell to K-shell jump produces

a K, X-ray. M-shell to K-shell jump

produces a K X-ray. The energy of the : —

b

K transitions is higher than that of the b

\ob \v'." P

T Koo
K, transitions. 2

Figure 2.16:
T f X-ray

2.6 Quantum Numbersand Orbitals e ;

After the failure of Bohr's atomic model, in 1926, an Austrian Physicist En

Schrodinger, an expert on the theory of vibrations and standing waves, setupd

equation for hydrogen atom. This is called Quantum Mechanical Model of anat

Schrodinger was awarded noble prize in Physics in 1933 for setung up

equation. The main problem before Schrodinger was where we would fil
electron if we were to look for it. According to Schrodinger: : '.

Although the position of an électron cannot be found
exactly, the probability of finding the electron at a particular
position in space can be found.

The concept of electron density gives the probability
that an electron will be found in a particular region of an
atom. The most likely place to find an electron is where the
density 1s greatest. An atomic orbital is the wave function of

locations about a nucleus. Keep in mind that the electron density is 148
nucleus for hydrogen atom, mdlcatmg that the electron s most ik ely tobeft
this region. The electron density decreases rapidly as the distance from the
inCcreases.

An atomic orbital, therefore, has a characteristic energy. %

(64)
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acteristic distribution Of. electron density (characteristic shape). The
‘ha rodinger equation works nicely for the simple hydrogen. The Schrodinger
5":8(]'0“ cannot be solved exactly for a multi-electron atom,
The numbers which completely describe the behavior ( energy, size, shape,
«iionand orientation orarrangement) of orbitals are called quantum numbers,
These numbers are derived from the mathematical solution of the
sehrodinger equation for the hydrogen atom. They are called the principal quantum
qumber, the azimuthal quantum number, and the magnetic quantum number, These
quanturn numbers are used to describe the energy level of the orbital and the three
dimensional shape of the region in space occupied by a given electron. A fourth
quantum number—the spin quantum number refers to a magnetic property of
dectrons called spin.

L6.1 Principal Quantum Number
Vumber which determines the distance of electron from the nucleus (size) and its
nergy 18 called principal quantum number. Itis shown by n. Its values are non-zero,
wsitive integers up to infinity.

n=1,2,3,4,5,6,7,... %

The values of 'n' can also be shown by letters K, L, M, N, O, P and Q

espectively. A 4
- Y ~Table 2.4: Total Number of Orbitals and Electrons tn a ell.

. . - : afs s LLUE L) Yo =
_Keep in Mind:
 Total number of orbitals in the given shell can be calculated by taking square of
 Principal quantum number (0°) of that shell. :
' The maximum number of electrons in a shell can be calculated by 2v

Tormyla,
i G’%r the value of m' greater- will be the dlstmoe of electron from the
: Micleus and greater will be the size of an atom and vice versa. |
i flheva!ucbf‘.n"greawr will be the encrey of electron and vice versa,
ln.,?“mse of the hydrogen atom or single-clectron atomic 1ons, such as He " and

U 118 the only qmmtum pumber determining the energy. For other atoms, the

%ﬁ_w&wgsugm extent on the azimuthal quantum number. 7
(65)
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2. ’ va G
o 6.2 Azimuthal Quantum Number )
umbers which determine the shape of an orbital and the energy of an clecnm,. '

1o lesser extent than ‘1" is called azimuthal quantum number. 1t 15 shown by 1y

Values are always positive and insmall whole aumbers. Its values range from(j |4

and 3 ——-—upton - 1 If |
n=1thent=(1-1) =0 Itshows 1s Subshell }

n=2thent=(2-1) = 0, Itshows 2s,2p Subshells
n=3theni=(3-1) = 0,1.2 [tshows 3s,3p,3d Subshells
n=4thenl=@A-1) = 01,23 Itshows 4s,4p.4d.4f Subshells

The co-efficient of subshells 1.2,3.4 show the number of shells to whichi

subshells belong.

Table 2.5: Total Number of Orimls and Electrons m & ubshell
REEs e
EEESEEET

Total number of orbitals ina subshell can be determined by the form
and the total qumber of clectrons in a subshell can be calculated by the fom

2(241).
Each s :
subshells in a shell 18

hell consists of one or more subshells or sub-levels. The nums
equal to the value of n. For example in the first S_h@ﬂt,{
- ank subshell which corresponds to /=0. There are two subshells(=
uwrensonym‘e Lot 5 N ___3)81]“00,;._
. cecond shell (n=2). three (/= 0, 1, 2) in third shell (n
in e - omed an azimuthal quantum number (/). -9
subshell is ass'& i ber than by 18
; pifferent subshells are usua b feprgsentcd by letter rather f‘.
. the order s, Ps d.f and g. (Historically, the letters s, p, d, and tOTET
followi e of the words sharp, principal, diffuse and fundamental whi
ings in spectroscopy.) After £, successive subshells ar also
cally: g, b and so on. The values of azimuthal quantum pumber ap‘v:
a habd.l o of orbitals (s-orbital has spherical shape, p has dumbbell '
ge an’d'f has complicated shape).
qausé petic Quantum Number o
2.6.3 sfi ch explains the orientation (arrangement) of the arbil:ll. l‘
Nu? wt{ctic or orientation quantum number. It also shows magnetl©
e (86
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of electrons. It s s'hm\'n by m. Its values are changing from positive o negative
through Z€10. Withina subshell, the value ofm depenidson the valug of thean gular
monentun? quantum number, 1. For a certain value of I, there are (21 + 1) integral

calues of m, as follows:
G = 1)y 0 (=1 1), <1 or
mo= 02 or

m = *2,+1,0,-1,-2
Forssubshell, 1=0, then m=0
There 18 on! y one orbital in the s-subshell. This orbital has same orientation
alongx.yandz-axis,
= Forpsubshell, 1 =1, thenm=[(2 x1)+1] or three values of m, namely, +1,
I.[ means there are three different orbitals (px. py and pz) in the p subshell.
me'o;bm{lg ﬁave the same shape but different orientations in space. In addition, all
orb;tals_pt-a given subshell have the same cnergy.
7 }:or;j-slubshcll. I =2 thenm = [(2x2) + 1] or five values of m, namely, +2
wwi=t, =2 Itmeans there are five differe als (dxy 7. a2 and dah)
s HETe f_u. different orbitals (dxy. dyz, dxz, dx*-y” and dz)
Subshell. All of these orbitals have same Cnergy.

_2-6-4 Spin quantum number
i*t\::‘i;c;r:jn s?ips a‘tou nd.itfs own axis, much in a similar way as earth spins around
G :I\xfnle zevoiv:ng around th? s.un. Numbex.' which shows the direction of
'calied;-%? t?ctron.around IS OWn axis ls.called SPIn quantum number. It is alsg
o %_f& s‘“égnehc quantum number. It is denoted by m_ where, the Subscript 5
o The B I§ has two values+1/2 and -1/2. The spins are also designated g
3“‘Nthkwl "P}N’a@ arrowy and the value +1/2 show that the electron Spins |
ol direction. The downward arrow and the value —1/2 show that ¢ 2
*Ps in clockwise direction, At the

-

ol Magnetic ficld

.
." \.‘/
5

1 . *s e
Y L
:l ‘ " ‘ “‘ - ; l’ "( A‘. \“
‘ 1
] 4
i ) A S O A A
JoRRe ) 1 < 3 H :
“ ' /4 / % .n > ‘c'
% s - * , /.
. -’ s *s .
»* Yovan=" B Y% ¢
prse 2l
g = e
S 2 2
N
Figure 2.17; Spimning of efectrons
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Shells, Subshells and Orbitals -4
A group of subshells with the same value of principal quantum number (n) iskne
as a shell. [Lis also recognized as orbit or energy level. The shells are designate
the letters K, L. M, N. O, P, and Q, counting from the nucleus outwar
principal quantum numbers (n) arel 2,3.4,5.6,7, ... respectively, The 12
value of 'n' the higher is the energy of the shell and vice versa. The
clectrons in a shell is calculated by 2n” formula, First shell (n= 1) has 2. second
(n=2)has 8 and third shell (n=3) has |8 electrons,

Each principal energy level (shell) is divided into sub-levels. They 82
known as subshells. One or more orbitals which have same values of 1%
quantum number (n) and azimuthal quantum. number (7) are called subsh™™
number of subshells within a given shell is equal to the value of n. Thus: ™
shell (n = 1) consists of only one subshell, the 1s; t'hé»second shel'li(n =2)
two subshells, 2s and 2p; the third shell (n=3) consists of three subshells; 3%
3d: the fourth shell (n=4) consists of four Subshells, N 49, 4d and4f,m‘d
Now it s clear from the above discussion that when a new shell is added ™"
add anew subshell. This is because; each shell to a larger distance from ¢
provides more space for new subshells containing more orbitals. The P
number of electrons in asubshell can be caleulated by 2(21 +1). '[th'
has room for 2 electrons, the p-subshell has room for 6 electrons, the®”

(88) '
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A for 10 clccmm.s.’:m:i 1‘h|x,:' l'.suh._\;h:cll has toom tor 14 electrons and so on.
These may be shown.aS s.p.dLand £ A convenient way to designate such a
configuration is to write the shell and s_uhshcll designation and add a Superscnpt to
denote the pumber of electrons occupying that subshell. For example, the clectronic
configuration of the calcium atom is written as follows:

»C8 = 157, 25", 2p’, 3s°, 3p’, 45’

Each subshell has specific number of orbitals, The number of orbitals per
subshell depends on the type of subshell, but not on the value of n. The number of
orbitals in a subshell is calculated by the formula 2/ + 1. Thus each s-subshell (/= 0)

contains one orbital; each p-subshell (/= 1) contains three orbital: each d-subshell
(£2) contains five orbital, and

—> E7 ECY RO K M U
soon. The orbitals of the same /L:L? EAENEIEIED
subshell in a shell have same A ooy} FERs——C———» MHKINE
energies and are called
degenerate orbitals.

If two electrons in an g
alom have the same principal =
: Quantum number, the same
i ingular momentum quantum
{humber, and the same
magnet \ ber, 10t Stvel) ‘
e s e iy,

' Figure 2, 18: The arrangement of shells,
] the same orbital. subshells and orbitals in an atom

‘ 2.6.5 Shapes of s, p, and d-Orbitals .

The shapes of orbitals have no physical existence. These are the regions in space

i Where probability of finding an ¢lectron is very high. But these regions have no
definite boundaries. Let us look the shapes of the most important orbitals that are
Actually occupied in known elements. Their shapes help us visualize how the

| ¥lectron density is distributed around the nucleus.

Shape of s-orbitals
Recall that the azimuthal quantum number for s-subshells 1s 0; hence. it must have

Magnetic quantum number 0. Thus there is only one s orbital in cach shell, Al s-
tals have spherical shapes and are shown by circles. The probability of finding
(bS)
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the nucleus does not depend on dirgeq

a1l § electron at a given distance from d |
us. The electron density is hi'ghw

dependg only on the distance from the nucle
nucleus for an s orbital. 1t decreases sharply as distance from the nucleus jn Teige
itnever g0es to zero, even ata large distance. 1Fyou ask someone where the "
15, he or she could not show the exact position of electron. This means ‘hm’aix'f"
does not have a definite boundary and definite shape. However, we usually 4 v
line around the outer edge enclosing the volume where an electron spends g
(say, 95%) of its time. The space where the probability of finding the clecimy
maximum is called an orbital. The 1s orbital represented i this manncri.sl
sphere. All s orbitals (2s, 35, 4s, and so forth) are spherical in shape butdi-ffe_rigf
The size and energy of s-orbital increases with increase in the value of pring
quantum number (n), For example the size and energy of 2s orbital is largeﬂhﬂ;
orbital, The probability of finding clectron between two orbitals is zero. This pl
is called nodal plane or nodal surface.

Y
Y Z
Z
|
3s-orbital

1s-orbital 2s-orbital

Figure 2.19: Representation of the three s-orbials of the Jowest enerLy

Shapes of p-orbitals e
As we know that the p-orbitals start with the principal quantum m_l,“‘
Beginning with the n=2 shell, the value of azimuthal quantum ﬂ“"‘l:r
subshell is 1; therefore, the possible values of magnetic quantum !
subshell are +1, 0 and - 1. The three values of magnetic quantum nufnb“ o
the p-orbitals have three orientations in space i.¢. along X, yand z-8%15 7
have three 2p orbitals: 2p,, 2p, and 2p,, which are oriented in space at  ‘ i’
one another along the three coordinate axes x, y, and z. These thre¢ Y
identical in size, shape, and energy; they differ from one another only ™

(70)
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px-orbital Py oriigal pa-ocbital
Figure 2.20: Representation of three p-orbitals

Shapes of d-orbitals

Asyou know that the d orbitals start with the principal quantum number #=3. When
n=3and, /=2, thenm=+2,+1.0,-1,-2. As there are five values of m for d-subshell,
The d-orbitals are, therefore, of five types (dsy. dyz die,dv_'and d2°). Each d-orbital
was clover leaf shape except d- which has dumb-bell shape. The orbital d;* has two
:gg shaped lobes and an extra doughnut shape (ring shape)
i the center, while other four orbitals have four egg shaped lobes. The probability
f electron density is zero on the plane where the lobes touch each other, The d-
irbitals of the same shell (3d orbitals) in an atom have same eneray. The d-orbitals
74" and higher shells have shapes similar to 3d erbital, but differ in energy and

tze. They are shown as:
i

o e
o8 . 6

v

dx’-y -orbital det-othital
Figure 2.21: Represcntation of five d-orbitals
| The fourth shell (n = 4) contains four subshells specified by s, p, d and .
“reare seven Bquivalcht f-orbitals. Each orbital has eight lobes. The shapes of the
Orbitals are eyen more complicated than those of the d-orbitals. Most of the

(1)
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elements (atomic numbers less than 57) don't use f-orbitals in bond t'omaﬁou', ;

donot represent their shapes in this book.

2.7 Electronic Configuration
The distribution of electrons in various subshells in the increasing eneray o
get the most stable arrangement of electrons in the subshells is called ¢
configuration. For many electron atoms, We must know how the elecironsy
distributed among the orbitals of various subshells. If we know a set of thresnj
then we will be able to predict for each element which orbitals are oceupi|
electrons. The rules for distribution of clectrons arc as follows: |

2.7.1 Aufbau Principle
The aufbau principle helps '.‘?\ : |
us to assign the electronic S~ .
configuration to the atoms of ,\?\\\\
different elements. Aufbau 1s a T 8 a=-. 8 e |
German word that means “building O s &‘:
up”. Because of this it is also ha T ‘ool
known as Building up Principle. g{ N‘ “afl
This principle states that, “The B '
electrons are added to subshells v\\‘\ ~
the order of increasing energy s 7‘\\
level™. \\.\N
In other words the electrons S s
are first placed in low energy TR o
subshells when low energy o 5
subshells are filled, then they are \0\\\_,\ |
placed in to higher energy ‘____,/“/nfi
subshells. The order of increasing Figure 2.22: The order of cne'fb')b’df; '
energy level of subshells is:  of electrons into subs A
1s, 2s, 2p, 3s, 3p, 45, 3d, 4p, 5s, 44, 5p, 6s, 4f, 5d, 6p- 7s, 51, 6d, P
on. Y

The n + / rule helps to determine the energy order. According tO* i
the electron will first enter into that subshell which has lower valueof” ﬂ"
values for two or more subshells are same, then electron will entet int0

which has lower value of n.
(72) |
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y72 Pauli Exclusion Principle _

iy 1926, an Austrian scientist Wolfgang Pauli gave the
exclusion principle. According to this principle, no two
Jctrons 1n the same orbital of an atom can have the same
slues of four quantum numbers. It means an orbital can
hold at the most two electrons which have the same value of
hree quanium numbers 1. [ and m, but must have the

different values of spin quantum pumber i.e. Opposite Spins Wollgang Pauli
(). For example, Helium atom has two electrons (1900-1938)
i+ 1s orbital. The spin of these electrons should be in opposite direction (T1). The
mrallel spin (11 or LL) of electrons is not possible. The values of four quantum
mumbers for both electrons of helium are given in the table.

Table 2.8: Values of four Quantum Nurmbers for two Electrons o

f same orbital

13 Hund's Rule
- ]9[2:7v the German physicist Friedrich Hund found a rule
,b:g:“!ef?m’inélion of the lowest encrgy arrangement of
e 'é&m"ai'subshcll. Hund's rule states that, “When twoor
,\‘mbt%eﬂerage orbitals (same cnergy orbitals) are
%igéls'c'f.meﬂ the electrons should be placed in separate
Orhita) W.h same spin rather than to put them in same
“With opposite spin”.
As we know p-subshell has three, d-subshell has five

g fue i
.suh‘h‘n has seven orbitals. The pairmg of electrons

ofg. aﬁa‘f}fh‘!’”‘bimso“ly when the fourth electron enters Into p-orbitals. In case
ot 'OIbItals the pairing of electrons begins with the entry of sixth and eighth
fespectively, Hund's rule results from the fact that electrons repel one

{3 (73)

Fricdrnch Hund
(1896-1997)
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another and therefore remain as far apart as possible. T hey can be lower in Cllem
they are in different orbitals. The electronic configuration in the orbitalg gp@
element is given in table 2.9.

Applications of Rules

1) Thess rules are used to write electronic configuration of elements,
11) These rules are used to predict valency.

1ii) These rules show number and type of half-filled orbitals.

iv) These rules show orbitals involved in bond formation.

2.7.4 Writing the Electronic Configuration of Elements
Before we assign the electronic

. Number of bty
configurations to atoms of the the orbital or subiie
different elements, we have to know 2 /
the methods of representing these Is
configurations. There are two different / . :
ways (methods) for writing the qm:::::ﬁ:nh Troeofehm oon

electronic configuration of an atom. - _
g ; . Now we can say that this is s-subshell |
1) In this method, we write the which has two electrons in s-orbital and - |
symbol for the occupied subshell and this s-subshell belongs to first shell 28
add a superscript to indicate the Figure 2.23: Method of writing the electnis
: configuration §
number of electrons n that subshell 9
and then we write the principal quantum number before the particular subshel
The electronic configuration of Helium atom is shown in figure 2,23, The electio®

configuration of nitrogen atom can be written as 15> 2522 o

p

ii)  Inthis method, each orbital of the sub-shel] js represented by a box andi
electron is shown by an arrow (1). The arrow points up when electron
anticlo.ckwise and dgwn when electron spins clockwise. If an orbital con’tail!?.
one electron, anarrow pointingupward (1) s placed in the box. [fan orbita! oo
tw.o electrons, the se_cond zfrrow pointing downward (L) is placed in the ";
wo electrons in 01.‘blml “f‘_"Ch have opposite spins are said to be paired. TW.
lectron in an orbital Which has no partner of oppasite spin s said to be W]
Jectron. The priority 18 given to this method over the first because it repres=
clf ur quAntum numbers.
the fo n

Scanned with CamScanner



table 2.9: Electromie Configurations and Orbital Diagrams for First IS Elemenfs ..

=
-
-

s
s

S A

A
==,
’

n
4 l, 5
A

3|
.

“Instead of writing out the wholc electroni .
: the condensed electronic configuration by writing the electronic
| | (35)
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configuration of the previous noblc gas. The electronic conliguraty
gas 15 represented by its chemical symbol in brackets. For exampw
figuration of silicon is writtenas [Ne]3s 3])
‘Where. [Ne] denotes the “neon core.” Similarly We can y 1§
‘_"__-auon of calcium as [Ar]4s
Tab!e _10: The Condensed form of Electronic Configurations from po'
10 K.rypton (Z= 36)
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the electron, the proton, and the neutron,
The number of protons n the nucleus of an atom of an element is called
atomic number (Z). Atomic number is the identity of an atom of an element.

All atoms of a given element have the same atomic number, which differs

from the atomic numbers of other elements. The number of electrons is
always equal to the number of protons in an atom.

The mass number (A) is the sum of the number of protons and the number of

neutrons in the nucleus of an atom. Isotopes are atoms of the same element

that have the same number of protons but different mass numbers because

they have different numbers of neutrons. An isotope is identified by the

symbol of the element, with the mass number as a superseript to the left.
[sotopes have chemical behavior identical to that of any other isotope of the

same element.
Max Planck. in 1900, gave quantum theory of radiations.

Neil Bohr, in 1913, successfully explained spectrum of hydrogen and |
hydrogen like atoms. He proposed that the electron revolves around the
nucleus in the circular path with a definite amount of encrgy. He called these

paths orbits or shells.
Spectrum is the bands of different colours which are produced by passing
light through prism. Rainbow is the best example of spectrum.

X-rays are produced when fast moving electrons collide with heavy metals

anode in the discharge tube. These rays were discovered by a German

scientist W.C. Roentgenin 1895,

After the failure of Bohr's atomic model. Erwin Schrodinger, in 1926,
propdsed an equation called Schrodinger equation to describe the electron
distributions in space and the allowed energy levelsmatoms.

In a hydrogen atom and hydrogen like atoms, which contains only one

¢le the eneray of an orbital depends only on 7. Inamulti-electron atom,
?ﬁiﬁﬁ?‘gy ofan ogr)i;jtal depends on both n and /. The lower the value of (n-+/)
for an orbital, the lower is its energy. If two orbitals have the same (n+l)
values. the orbital with lower value of n has the lower energy. In addition; the -
-'s’pin-.“qi),éntum number determines the electron spin as either clock wise or

anti-clock wise. g 2
According to Aufbau principle, the electrons are added to energy subshells in
the order of increasing energy level. | : o

Pauli Exclusion Principle states that no two electrons in the same orbital ofan

atom can have the same values of four quantum numbers.

Hund's rule states that the pairing of clectrons in the degenerate orbitals

(same energy orbitals) does not take place until each degenerate orbital has
gotone eleetron each.
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~ Questions and Problems

Q1.

Four answers are given for cach question. Select the correct one,

1) The fundamental particles of an atom arc:

(a) Electron, positron, neutron  (b) Electron, proton, neutron
(¢) Electron. neutrino.proton  (d) Electron, positron, meson

11) Protonwas discovered by:

(a) GoldStein (b) Chadwick

(¢) Thomson (d) W.Crooks

iii) The colour ofthe glow inside the discharge tube depends upon:
(a) Nature of discharge tube (b) Nature of the gas

(¢) Nature of cathode (d) Nature of anode

iv) The massofelectron is almost equal to:

(a) Hydrogen atom (b) Proton

(c) Neutron (d) Positron

v) How many times the second orbit of hydrogen atom is away fromi
nucleus:

(a) Four (b) Six
(¢) Nine (d) Sixteen
vi) Which one of the following elements is NOT radioactive:
(a) Uranium (b) Polonium
(¢) Radium (d) Germanium
vii) The properties of elements are determines by:
(a) Atomicmass (b) Massnumber
(¢) Atomicnumber (d) Allofthese
viii) When 6s orbitalis complete, the entering electron goes into:
(a) 7s (b) 6p
(c) 5d (d) 4f
ix) Ifnisequalto4.then/isequal to:
(a) 0 (b) 0,1
(c) 0,12 (d) 0,1,2.3
x) Howmany electrons an orbital can accommodate:
(a) 14 (b) 10
(c) 6 (d) 2
(78)
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Q2

Q3.

Q4.
Q..

Fill in the blanks with suitable words given in the brackets:

) Cathode rays produce  on striking with heavy metals
anode. (canal rays/X-rays )
i) Massofprotoninamuis (1.00727/1.00867)

i) Pfund series of lines appear in region of spectrum.
(UV/IR)

iv‘? Mathimatical value for Bohr's radius constant (a_) is (829
A/0529A))

v) Cathode rays bent toward of electric field. (positive
plate/negative plate)

vi) Energyis when electron jumps from lower to a higher orbit.
(absorbed/released)

vii) Greater the value of principle quantum number, will be the
size of an atom. (lesser/greater)

viii) The subshell p has shape. (spherical/dumbbell)

ix) The wavelength of X-rays is than microwaves.
(greater/lesser)

x) Wavelength of large sized particlesisvery . (small/large).

L abel the following statements as True or False:

i)  Neutrino is the fundamental particle of an atom.
if)  The electric current cannot pass through gases in the discharge tube at

760 tort, :
iii) The mass of electroninkgis 9.11x10 .
iv) The charge to mass ratio of canal rays depends upon the nature of gas

in the tube. -
v) Planck'sequationis E=mc". :

vi) Theelectronic configuration of His ls".

vii) Ifn=4,then/isequalto0,1,2. .

viii) Orbit gives the idea of plane motion of electrons.

ixX) Monitorofcomputeris anode rays tube.

X) The space where probability of finding the electron between two

orbitals is zero is called nodal plane. :
What is discharge tube? Describe the experiment which led to the

discovery of electron.

Give the characteristic properties of cathode rays.
(79)
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0Q.6.

Q.7.
Q.8.
Q9.

Q.10.
Q.11
Q.12.

Q.13.
Q.14.

Q.15.
Q.16.

Q.17.
Q.18.

Q.19.

Answer the questions given below

1) Thecathoderaysare pr(.nlucu.i when pressure inside the dischacl
is reduced and high voltage is applied. SO
it) The charge-to-mass ratio of cathode rays remains Same, ¢
which gas is used in the discharge tube. R
i) Thecharge-to-mass ratio of cathode rays is equal to that of e
Iv) The evidence that cathode rays consist of ﬂegaﬁye\lyn;'
particles. T
v) Electrons are the elementary particles of all the matter, 3
Whatare canal rays? Give reason for the production of canal rays, _i :
What are the properties of canal rays? ;
Explam the following with reasons;

1) Thepositive rays are also called canal rays.

i) Thecanalrays depend upon the nature of gas.

i) Thee/m values of canal rays for different gas"cslare different,
1v)  The e/m value of cathode rays is 1836 fimes greater than positives
thatare obtained from hydrogen gas, 3
Howwere neutrons discovered? Desecribe the propaﬁescfhemmﬁi»‘; ;‘
Slow neutronsare more effective than fast neutrons, how? A

Explain J. J. Thomson experiment for determining the o/m
electron. :

Compare the properties of fundamental particles of atom. |
Which two types of subatomic particle e e S ST
ek particles | in equal mut
foran atom to be neutra]? E patbiar i
What is the atomic number of

18 neutrons? Also caleulate | o that has 17 protons, 17 ¢!

s mass number.

An atom with mass number 036 contains four more neutrons thatFS
Whatis the atomic number and name of this atom? o

Discuss Rutherford’s experiment for the discovery of nuclets:

Write main points of Rutherford’s atonic model, What are te
this model. ' " '

What are the most important poi Dl L )
. points of Planck's quantum thed? =
what a quantum is? o _ks quaniy

(80)
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20 Whatis the relationship between?

Q2

(.22. What are the postulates of Bohr's atomic model? What are the merits and

.23 Derive an expression for the radius of nth orbit of hydrogen atom with the

a) Frequency and wavelength
b) wavelength and wavenumber

 Define the terms given below:

(a) Frequency (b) Wavelength
(¢) Wavenumber (d) Atomicnumber
(e) Amplitude

demerits of this concept?

helpolBohr's model.

0.24. Derive an expression for calculating the energy of an clectron in the n"

30'.25. Derive the formulas for caleulating the energy difference (AE), frequency

026,

B

027,

Y .
%‘.;

—

V.29,

orbit of hydrogen atom with the help of Bohr's model.

of photon and wavenumber of photon.

Answer the following questions:

a) The distance between different orbits goes on increasing when we
move from lower to higher orbits.

b) Energy of electron is inversely proportional to the square of number
oforbits (n°).

¢) Theencrgy ofhigherorbits is greater than lower orbits.

d)  Theenerey ofelectron at an infinite distance from the nucleus is zero.
)  The radius of cation is smaller than its parent atomic radius.

f)  Veloeitics of electrons in higher orbits are less than those inthe lower
orbits of hydrogen atom.

g)  Why the size of helium ion (He') is smaller than hydrogen atom as
both have same number of electrons in the first shell?

What do you know about Zeeman Effect and Stark Effect?

Whatis spectrum? Explain the spectrum of hydrogen atom.
produced? Describe the properties and

Whatare x.rays? How ar¢ they

%‘Ofxemys.‘ : -
Explain the role of Mosley's law in determining the atomic numbers of

different elements.
(81)
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Shapes of Molecules
Resonance
heories of Covalent Bonding
ondmg Characteristics
fiects of Bonding on Physical and Chemical Properties

The students will be able to. 5
e

3
L

Use VSEPR and VBT theories to deseribe the shapes of simple covalent mol
(Applving) g
Describe the features of sigma and pi bonds. (Understanding)
Describe the shapes of sumple molecules using orbital hybridization. (Applying
Determine the shapes of some molecules from the number of bonded pairs andia
pairs of elections around the central atom. (Analvzine) R
® Define bond encrgies and explain how they can be used to.compare bond streas
of different chemical bonds. (Anralyzing) S
Predict the molecular polarity from the shapes of molecules. (Apphving)
Describe how knowledge of molecular polarity can be used to e 1 5
physical and chemical properties of molecules. (Analvzmg) £
@ Describe the change in bond lengths of hetero-nuclear moleeules
in electroneganvity values ofbonded atoms. (Understanding)
® Describe the difference among molecular network and metal
Understanding) ' e
@ FExplain what is meant by the term jonic character of @ COVAK
(Understanding)

10

A
.
» oo

Iptroduction 3
Why do two oxygen atoms combine and give an O, molecule while twﬂs': ,"-
suwi apart from cacl'\.othcr and do not give a Ne, molecule? Why do fdn“";
co;nbiﬂc while certain others do not? Certainly there must be s.om; " r
holds two oxygen atoms together. forces of attraction which -

(84)
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r
s (atoms O 10N8) ogethes in different chemiral (onmmasssde oo - oo | o
eniy (ATIOTHS , = '
clem

|l hOlldfM‘

= e

Ayl s
i If s the 1jlatt|r;il endency of an ¢lement to he sl-ilhjllrl'/z.‘(l."l‘;[hcl‘c z;:g!\.\-‘n or
|t clectrons 1n the outermost shell of an atom then this is called « stable one,
's'wblc elements do not form chemical bonds e.g. Noble gases are the most stable
elements and have a little tendency to form chemical bonds I'he elements with
meomplete outermost shells are tried 1o 2ain, lose or share their electrons with other
elements to complete their valence (outermost) shells. In this way chemical
eactionsare oceurred and chemical bonds arc formed. .
“hemical t?on(ls between atoms are usnally classified as either ionic or cot alent
fonic bonds are formed between oppositely charged ions (cations and
mions) by the transfer of electrons from one clement to ;ufu:llcr'c.u. the bonds in
';(.‘I, KBr.and CaO are ionic. They generally result when a metal rc:;cls with anon-
netal. It 1s non-directional. The clectronegativity (E.N)

(than1.7.

Covalent bonds are formed by the mutu

—_— =

difference should be more

al sharing of electrons berween two
djﬁ’erem or similar atoms. The bonds in N H,O, and CO, are covalent. The E.N
difierence for covalent bond should be less than 1.7, They gfcncrall\_- occur between
non-metal atoms. They are directional and are shown by signs (—, =.-*—‘)

_IFyou know the type-qf bonds in a compound, you can predict many of its
Physical properties. ;
Inthis chapter we will discuss the geometries of molecules and we will also explore
Mo theories of chemical bonding: valence bond theory and molecular orbital

SHHety, Techr ‘and Science
o raight and Curly Hair
gt am!y made up of protein, called keratin. Keratin is also present in nails and
dialn RIS Composed of long i
?;Ms"rsmphur containing amino
o 4 i::@j°¥5§eine. The cysteine of
ia'm Mmolecule forms a
hw::mm (a covalent bond
t“"’ﬁnol s thc sulphur atoms of
,@ﬂﬁmws’!w'm] the cysteine of
Theg%"rmgkerann molccule. 7
e humber of disulphide S0 | Vevy Hai

(€3)

|
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e —
onds, the curlier the hair. The fewer the number o Fdisulphide bonds, the straighter iy

:an’ }t'_dQDEIIdS upen the number OIOLiiSLllP'de honds between cystemne moleculeé
eralm whether your hair is curly, wavy or st ght. A disulphide bonds imba P
ca“ses the hair te appear straight in certain areas and curly in other areas, People
S‘Talghthw can change their hair to force it into curly state by using chemicals, ,_'-rw
are chemically forcing the making of strong disu)phide bonds The waves do ﬂ

: _ N s e : ) ) )
Lfo" all time, because the new hair grows in, which 15 straight, and only the ends curly:

|

3.1 Shapes of Molecules

Why do molecules possess definite shapes
the shape of water angular? The answers ©
found in the VSEPR theory. Chemists are interested inth
bond angle and molecular shape are very important concepts in chemistry. The
phy:si‘éd and chemical properties of substances such as melting point, boiling po'ili'
bond energy and density ctc. are strongly influeneed by the geomelry (3j
arrangement of aloms in space). The shapes of molecules canbe best explained wil
the help of “ball-and-stick”™ models. The ball represents the atom and the stil

represents the bond pair.
e Shell Electron Pair Repulsion (VSEPR) Theory

ick and Powel pointed out that the
he explained by the

these and many mMore questions cdn "
¢ shapes of molecules. Tie

|

3.1.1 Valenc

In 1940. the Sidgw
£ molecules can

shapes © 33
arrangemem of electron pairs in the valence shell
shell) of central atom. The atom in the —
L mOSft i ¢ present at the terminal m the The shared pair o <C50 g
center which is not pPres in the  |called: bond pair WSS
olyatOﬂ'“C molecule1s called central atom. unshared pair of ele
3 In 1957, Gillespie and Nylholm proposed C"«‘lllcd "{onelpa:;ms i
R R : that the electt
VSEPR (p.ronounced as “vesper”) theory. It explains  finvolved in making D0
hapéS and pond angles of molecules and ions in  [called hond pzuf-zw:
shap®> . - P ai electrons thatare i
tatic repulsion betwee c :
tcrms-of-ibe e]ec?roﬁﬂ P t«\u,n electron iy aking ponds &=
e 'c:;tgPU'ISlOIl between the negative charges of  [lone pairs. '
palﬁ_ 03 i'r.s=-’aI°m‘d the central atom determines the

elﬁ?_ el 'o'f.thc molecule but we name the shape of
g_eome by the position ofthe atoms.

lesD
molectl®® (BE)
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Bl (Postulates

Mpe’tg;eoi‘(fl;%ﬂl lhcory) arc as follows:

fhefiin ¥ npun’ geometry ol molecules depends upon the number of electron
15 %‘ggndpmand lone pairs) present in the outermost shell oficentral atom.
?‘“ﬁé;i’ ' w‘f(ﬁhape) of molecules depends upon the number of bond pairs
i fﬁ’;ﬁéoutemost shell of central atom.

e p'ziirs in the valence shell repel one another because they are

catively charged. . | |
\‘f mﬁ’&‘m pairs around central atom are located al maximuin distances where
epulsion is the mimmum. |

| Alone pair(/p) occupies more space thana bond pair (bp).w="

i Repulsion between clectron pairs in valence shell decreases in the following

. Ip—Ip >> fp-bp > bp-bp
The repulsion between electron pairs in the valence shell may be called Van
aals repulsion or exchange repulsion.

A multiple bond (double or triple bond) occupies more space than a singley_—
: HBMertbQSCbchaveas a single electron pair bond for the purpose of

i) Theshape of molecule will beregular, if amolecule has only bond pairs.
shape of molecule will be irregular, if'a molecule has some lone pairs of

nd an atom is described by the general formula:
central atom, B isabonded atom, E isa lone pair, mis the number
e central atom A and 1 is the number of lone pairs around _~

___Table 3.1: Shapes of Molecules according to VSEPR
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\H,

ABE

AB.E,

AR,

- Number  Eleciron
of Lane  Pair
Palrs | Geometry |
3 2 I [rigunal |
L_% p%un;u f
~. = O 7 ‘
0 = a Tetsabadnl |
> 3 ; | Tetratedral
| |
2 2 i 2 Tetrahedral |
‘ .
i =T e e
!
|2 ‘
ki :
Trgonul
Rl fo%s )
2 3 i bipyramidal
6 6 0 | Ocuahedral
/

Applications of VSEPR Theory

The shapes of regularand irregular molecules are discussed below:
1) Shape of Molecules having one Electron Pair (AB type)

diatomic molecule has only one bond pair and no bond
A use the geometric shape determined by twe

angle. Becd

W. 18 8
Examples are: HCLCO, Fy and N,

shape.

(88)

X Maoleenlar Examuie
Formula CGreensetry | Ame
Hent '\'f,)l.
|
[ Tetrahedral CHy
l |
I Triadmd
p_rt-ml-dnl NH,
Bent H,0
Tnigonal Al ‘
| bipyraroidal PCl, | o
! :
| Octahedral | SE,
|

QIS

straight line, all diatomic molecules are I; in
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Shape of Molecules having two

Jectron Pairs (AB, type)
:lo! scules having two bond pairs and no lone

’r gl-\'t-,
wouldbCOf 180°. Examples are: BeCl,. CdCl,,

(0, CS;. HeCl,.

MgCl, has two bond pairs and minimize it's
repulsion by arranging bond pairs at an angle of
180°and thus assume linear geometry.

3) Shape of Molecules having Three

Electron Pairs
Such molecules are further divided into two

types:

1) Melecules having three bond pairs and no

lonc pair (AB, type) give planar triangular

gometry. Theirbond angles are of 1207
Examples are: BCl,, AICL;, SO, hydrides

ofgroup TIA.

The molecular shape of BF, is triangular

planar because the triangle of boron atom and

the fluorine atoms all lie in the same plane.

) Molecules having two bond pairs and one

h"e pair (AB,E type) give distorted triangular

ts. Their bond angles are less than 120°,

l:*"ampvlcas are: SnCl,, PbCl,. SO,.

As we know that the lone pair occupies

mmsl’m than a bond pair, hence it pushes the
Pair closer 1o each other and cause

pression of angle between two bond pairs.

lincar geometry, Their bond angle

%10
Figure 3.2: Lincar Geometry

”T\
0\/9

Figure 3.3: Planar Triangular Shape

N
' <120 g

Figure 3.4: Distorted Triangular Shape
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stometry with an angle of 109.5". Examples .\lj)
are: Sitl,, CCl,, CH, .
The methane molecule has four bond @ |
pairs. which are directed from the center
‘ G\
towards the corners of a regular tetrahedron. 109.5
These four bond pairs should be placed @

:,) Shape of Molecules han ing Four Electron Pairs:
l,l'Lh molccules are further divided into three

lypes:

1) Molecules having four bond pairs and

no lone paifAB, type) wive tetrahedral

109.5° apart to give them a tetrahedral
geometry. At an angle of 109.5" the distance
between bond pairs is the maximum and
repulsion is mmimum. "
ii) Molecules in which central atom has three bond pairs and one lone ’_—";?
type) give trigonal pyramidal shapes instead of tetrahedral shapes. é
angles are less than 109.5". Examples are: NH, and NF;. 3

In ammonia. the lone pair occupies more space than bond pairs. Therst
three N—H bond pairs arc pushed closer and the bond angle decreases from 1093

107"

Figure 3.5: Tetrahedral Shipe =

In NE,. fluorine is the most electronegative element. So N-F b
more polar than N-H. Therefore, lone pair exerts more repulsion off 258
pairs in NF;. Hence, bond angle further reduces to 102°.

@m@@‘@ o . O

Amimonia Nitrogen Trfluords

Figure 3.6: Pyramidal Shape

(30)
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ovher examples are: PCl

,\5"(- ; ‘
Pl les in which central :

2 The volecu
4078 pave WO

¢ pairs (AB.E. type) give angular @ \/

_seatshape. Their bond angles are . 104 5"

|

TER Smstead of 109, 55 Examples are: Figure 3.7: Anguiar Shape

1.0 HSs 8Cl,, SeCl..

In water molecule. the two lone pairs occupy more space than two bond

bond pairs and two

;m AcJone pair - lone pair repulsion is greater than lone pair —bond pair which in
art s greater than bond pair - bond pair. Hence, this forces the bond pairs closer
amther and reduces the bond angles to 104.5°. Therefore, the shape of water
slecule 15 bent or angular or V-shaped.

e et . . A A A —] Nt ) W

onceptual Check Point:

9 Shape of Molecules having Five Electron Pairs (AB; type)
dleculeg ha\qng five bond pairs and no lonc« pair give tniangular bipyramidal

¥metry, The equatorial bond angles are 120° and axial bonds are at right angles

Y the plane, Examplcsare PF,, PCL, SbCls, ScCls.

'ﬂwlwms lie atthecomer q
an equilateral friangle are
called equatorial atoms while
u;eaxon;s m below the

ane o are called
gxxal atoms. The bonds of
equatorial atoms' arc called
equatorial bonds while the
bonds of axial atoms are called

Fizure 3.8: ’l’nangular
bi-pyramidal Geometry il bacds:

()
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6)  Shapeof Moleculest

Molecules having six bond pairs give octahedral geome

90" Examples are: SF,., TeF,.

# D

~
~m“( . 0
9 "o

1aving Six Electron Pairs (AB¢Type) 8
try with bond angleea.

In octahedral malacud &
can not use the termg
‘cquatorial’ a8 i
bipyramidal molécale b
all the six bands’
equivalent. £,

A
M
Il

7,

Figure 3.9: Octahedral Geomelry

Limitations of VSEPR Theory
This theory was failed to explan:

1)  Thesharing ofelectrons inthe valence shell,
il) The paramagnetic nature of O, molecule.
ii1) The shapes of molecules having delocalized t-electrons.

3.2 Resonance

The process in which two or more structures are written for a compound ¥

|

\ 4
L Keep inming §

differs only in the arrangement of electrons is called resonance. The difts
structures obtained are called resonance structures. Resonance sn'uctlllﬁ‘
actual structures, They are hypothetical and exist only on paper. They are, ,
cannot be prepared or isolated in the laboratory. The real or actual structue®®
hybrid of all the resonance structures. The resonance is represented by &

headed arrow (¢«——>).There are some molecules and polyatomic jons for'®

no single Lewis structure can be written. Let us take the example of oxyge™ :

in two allotropic forms; the dioxygen, O, (oxygen molecule) and the O
(0zone). Ozone 'q pcsent in larger amounts in the upper atmospher® 3
shields life on earth from harmful UV radiation from the sun. It is Al P
trace amounts In the lower atmosphere where it may damages olaats
tissues. Thereare two possible Lewis structures “A™ and “B” for Ozone ¥

Se¥ra et N, &
HeH e 0% 0/ 0 ‘;
(C) Y

(A)
Figure 3.10: Lewis

(8)

structures for Ozone

(32)
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The O — O single bond m O; should be longer than the O=0 double bond
quse the double bonds should be shorter than single bonds. But experimental
evidence shows that the oxygen-to-oxygen bonds are equal in length (128 pm). This
&)nd jength is shorter than the O — O single bond length of 148 pm in hydrogen
side, H-0 -0 - H, but it is longer than the double bond length of 121 pm in
diatomic OXyEen. 0 = O. Hence neither of the above structures can be correct. The
hond identity cannot be satisfactorily represented by any single structure and it
becomes necessary 1o write more than one Lewis structures. To describe such
situations a concept called resonance is used. The bonds in ozone are equivalent and
ntermediate in strength and length between a double bond and a single bond. The
sopance structures of ozone are:

£ I3
e, W O 5
1)) ()

Figurc 3.11: Resonance Structures of Ozone

- They both are identical. They have same number of electrons (18 electron.s)
nd both have octets around all three oxygen atoms. Which resonance structure 1s
i;b;rect?Néither structure accurately represents the structure of ozone. The actual
dnicture is the average (hybrid) of these ™o Lewis structures. They both have
qual contributions to the real structure '(hyl?rid structure) of ozone (structure “C”
ﬁWDiﬁbove). A comrﬁén analogy mighthélp to clarify this concept. A horse and a
hkey niay be.m"oésbred to produce a hybrid, the mule. The mule doesn't look ?r
er‘:cggct]y like either parent, yet it has attributes of both. The resonance hybrid

Tamoleeule has properties of each resonance form but is not identical to any one

0rm,

2 Resonance structures arenotreal.
¥ Mhereal syugture is the hybrid of resonance forms.

o sonance forms are not in equilibrium with each other.

“SS0nance forms are not isomers. Resonance forms have different
ment of electrons while isomers have different arrangeinent of
Ctrons and atoms. In Witling resonance structures we are allowed to

rons and not the atoms.

153) g

-
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3.3 Theories of Covalent Bonding
YSEPR theory explains the shapes of simple molecules but it does no EXplagy
formation of chemical bond. There are two important quantum mechanical g
Which explain the concept of bond formation, bond enthalpies, bond Teng
shapes of molecules. These are valence bond theory (VBT) and ’11t)1ecular0 :
theory (MOT). Neither theory completely explains all aspects ul'chem:ca[w
They both help us to understand the observed propertics of molecules, |

%3.1 Valence Bond Theory and Hybridization
alence Bond Theory (VBT) |
This theory was first proposed by W. Heitler and Fritz London in 1927 an:dlmd
developed by Linus Pauling and J.C. Slater in 1931 This theory e
bond formation (sharing of electrons), bond strength, and geometry ofmoleeuly
Main Points |
1) Covalent bonds are formed by overlapping of half- ‘
filled atomic orbitals.

1)  Asingle covalent bond 1s formed by the overlap of two
half-filled atomic orbitals.

i) A multiple bond (double or triple covalent bond) is
formed by the overlap of more than two half-filled atomic
orbitals. Overlapping means a common region of two
orbitals with high electron density.

iv) As a result of overlapping, the electrons with opposite
spins paired up and become stable by releasing energy.

v)  When they form a bond, the atomic orbitals maintain their idcnliucs;@J
outermost shell electrons lose their identities, !
vi) Greater the overlapping, the stronger is the bond.
vii) The direction of bond is determined by the direction of the two ovarly
orbitals when other than s-orbital are inyolved,

Types of Overlapping and Nature of Covalent Bonds; ‘
On the basis of overlapping of orbitals, covalent bonds can be divided into™
i ¢, Sigma bond and pi-bond:

i) Sigma bond (0 - bond)

A covalent bond formed by head to he

] ad or lisear averlap of two atomic ot
which electron density is the m

AR around the boid axis) is called $15%
(34)

e ——
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(Sigma 18 the English word for the Greek letter, which corresponds 1o the English
etter ). Qverlapping of s —sand s— porbitals always (form @ — bonds but p- p may
form sigma bonds. [t may also be formed by overlapping of atomic-hybrid and
h).-hnd-h}-'hrid orbitals. All single covalent bonds are sigma bonds.

Types of Overlapping

s—s Overlapping (Formationof H,)

This type of overlapping takes place between half-filled s-orbitals of two atoms
along the bond axis. For example. consider the formation of H. molecule from two
hydrogen atoms. Each atom has the electronic configuration 1s'.The hall-filled
atomic orbitals (15') of both H-atoms averlap to form a sigma bond. The electron
density 1s maximum between the two nucle.

{50 1R
ST,l 3
&:

H+H—— H,
Figure 3.12: s overlapping

p-p Overlapping (Formation of F,)

Tlus type of overlap takes place between half-filled p-orbitals of the two atoms

..iwhen they approach each other. The formation of fluorine. chlorine and bromine are

he common examples of this type of averlapping. Consider the bonding between
two fluorine atoms. The electronic configuration of each fluorine atom is 1s°, 25,
2p,1,2p,2, 2p,=- The F ~ F sigma bond is formed by overlap of half-filled p-p orbitals
oftwo fluorine atoms. The e¢lectron density is maximum between two nuclei.

e e - O®e
; F+F——>F
, Figure 3.13; p-p over lapping '
5-p Overlapping (Formation of HF)
This type of overlap takes place between half-filled s-orbital of one atom and half-
filled p-'or'b_i_,tal_f anotheratom,

H+§F ——HF
Figure 3. 14 s-p overlapping

(35)
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Consider the bonding between & ll'}'dl'qgcn‘ut()m and g ﬂ“o:i'n"' -

o conBenration of fluorine atom is 15, 267, 2p ¢ 2p1 Iy e Mo

electronic configuration ¢ it Sl o 2 The

orbital (2Px) of fluorine atom overiap w l_ 5 orbial of one hy i Tty
‘t)‘onn o 5-bond. The other filled 25 and 2p orbitals of fluorine do oy e 20

LT,
bonding to the hydrogen. :

Conceptual Check Poin;:

 How can you explain the bonding in Cl and HC1 with respec ¢

i) Pi Bond (7-bond) -
The bond formed by sidewise or parallel overlap of two p-orbital sibeal
Examples are: O=O.N=N, CH.=CH, :
This bond is named after the Greek letter 7. The overlap,
in pi bonds is not as good as in sigma bonds, and they are corre:
P1bonds are often found in molecules with double or triple he

two p-orbitals are in one plane. In n-bond, molecular orbital
region of electron density i.e. above and below the bond axi
single bonds are sigma bonds. A double bond consists of one
bond, and a triple bond consists of one sigma bond and twopi bonds.

Formation of O, Molecule

The electronic configuration of cach
oxygen atom is 1s’, 2%, 2p.i, 2p...
2p,:. There are two half-filled p-
orbitals on each oxygen atom. Oxygen
has one sigma bond which is formed
by head to head overla

pof2p, orbitals,
lt- has one n-bond which is formed by
side to side overla

| P of 2p. orbitals. 1
Theelectron densi

Yy ismaximum aboye and below thebond axis.
Formation of N, Molecule |
The electronic co | PR L
2 ni . i ““.2._3 el 08
are three halEfijted o . xs achnitrogen atom is L5, 280y SEL

bond and twe n-bonds.-tt-bond 15
n-bonds are formed by pa

Y
0

formed by linear overlapof 2™
rallel overtap of 2p, and 2p, orbitals:
(96)
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Figure 3.16: Otbital diagram of N, (N=N).

Table 3 2: Diffcrence between Sigma and Pi Bonds

p—

, \i:o'{B'-'and'teU'avalency of C.
@n
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¥

1
iig Thc angle between the bonds.
) The paramagnetism of 0, molecule.

;ttomic Qrbiml Hyb(idlzation L et ,
1931 Linus Pauling introduced the concept of YD 220N 10 Cxplgy
Characteristic geometrical shapes of polyatomic molecules like CH,, NH, g
AIC and H,0 ete. He also explained the formation of multiple bonds in e
such as Czﬂ; and C,H,. According to him the atomic orbitals of different g
energy combine to form a new set of equivalent orbitals called hybrid orbyy
the phenomenon is known as hybridization.

Keep in Mind \"

—

The number of hybrid orbitals formed is always equal to the number of i
- orbitals that are combined. "
® Thehybridized orbitals are always equivalent in energy and shape,
Hybridization is the mixing of at least two nonequivalent atomic orbitas |
~example, sand p orbitals. Therefore, a hybrid orbital is not a pure atomicorbital,
. Trl'lbeitik:ape of any hybrid orbital is different from the shapes of the original atm|
oronais.
» Thegeometries are exactly as predicted by VS EPR theory.
‘s Hybridization takes place in an atom (usually the central atom) before bl
~ formation. The concept ofhybridization is not applied to iselated atoms,
\# Thehybrid orbitals form stable bonds than the pure atomic orbitals.

Types of Hybridization
There are three main types of orbital hybridization i.e. sp’, sp’, sp dependingd
the numbet and nature of orbitals. They are as follows:

.‘(i)}.sp’-ﬁybtidization (ii) sp-Hybridization (iii) sp-Hybridization
{7

sp’-Hybridization :

?‘iféheprocéss of mix}ng of one s and three p-orbitals to give four identical W"ﬂ

~,.a,';bitél's"iscalled sp -hybridization.

. Each sp’-hybridizcd orbital has 25% s -character and 75% p-Chﬂfa““'
Examples are methane, water and ammonia.

Formation of Methane | |
emmdﬁf the example of methane. In methane the ground stat€ o
e gumnon ofcarbon (ls % 23". szl, 2') 1 2p ‘,) show that th 2s OYbId
BB Fihe p-orbitals arc half filled. BUt how can carbon form four!
two of the p-0 ¢ hal-filled. But how can carbon form four
15 valence electrons are already paired and only two unpaired elest’
ailable for sharing? To account for the four C—H bonds in methané %,
cl’ag(rans is promoted from the lower-encrgy 25 orbital to the empty. 1!
oS (38)
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al. piving an excited-state configurati 2 ich has
al, giving ¢ ate configuration (157, 25', 2py., 2p,1. 2P, which has
y could overlap
OWS,

aporbit
four unpaired electrons. Now we have four orbitals, cach of whicl

s orbital of hydrogen ¢ b v : :
ls ort { hydrogen atom to form a sigma bond. Experiment sh

with the
d-state carbon

powever, that the four C-H bonds in methane are identical. If excite
yses two Kinds of orbitals for bonding, 2s and 2p, how can’it ﬂﬁ'lﬁ four equivalent
ponds? The }:—orbitals are at right angles to each other, so three of the bond angles
would be 90, and the position of the sigma bond fo;mcd by overlap with the 2s
orbital is unclear. This is where hybnidization comes in. I or this reason. (he four
valence orbitals of the carbon atom combine during the bonding process 10 form
four new, but equivalent, hybrid orbitals. In this casc. one s-orbital and three P
orbitals are mixed to form four identical sp’ (pronounced as “g.p-three”) hybrid
orhitals. Each hybrid orbital has one large lobe pointing in one direction and one
small lobe pointing in the opposite direction.

g g ok

T ) )

S SR
o e v T

s-orbital

-orbital ’
ry-orbita py-orbital 2

;\"-M
Combine to form f&r' sp’ hybeid orbitals

Figure 3.17
Tetrahedral geometry

In methane molecule, these
four sp -hybrid orbitals of carbon
overlap with 1s half-filled orbifals of
four H-atoms to give four identical
Ct““ bonds. The four C-H bonds arg
sigma bonds and formed due to 5-SP
overlap.

Ball and Sijcy Model

Figure 3.18: Methane Molecule

(89)
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Covalent bonds made with sp‘ hybrid orbitals arc often strong ones. In
the Cnergy released on forming the four strong C-H bonds in CH, is Brcate
amount than the energy required to produce the excited state of carbon, Methang,
tetrahedral shape with an angle of 109.5". The shape of methane is the sa:f-
predicted by VSEPR theory,

FM‘MMW&« _ _
The shapes of NH, and H,0 molecules can be best explained with the hcip

Sps*hybridization. In ammonia, the ground state electronic configuratigy
nitrogen is 1s°, 2¢”. 2px', 2py’, 2pz' having one filled 2s-orbital and three half.f :\
2p- orbitals. Here one 25 and three 2p orbitals of nitrogen atom are combipg
together and give four sp’ hybrid orbitals. One hybrid orbital is completely fillg
while other three are partially filled. These three partially filled sp’ hybrid orbi
of nitrogen overlap with 1s orbitals of three hydrogen atoms to form three N4
sigma bonds. The fourth sp® hybrid orbital that was already filled contains lone;
of electrons and does not overlap with s-orbital of hydrogen atom. Recall thatti
repulsion between bond pair-lone pair electrons is greater than bond pair-bondpat
electrons. Thus, repulsion between the lone-pair electrons and electrons in I
bonding orbitals decreases the HNH bond angles from 109.5" to 107 and &
molecule of NH,thus gets the trigonal pyramidal shape.

Similarly the oxygen atom in water has four sp® hybrid orbitals which
formed by the overlapping of one 25 and three 2p orbitals. Two hybrid orbitals#
completely filled and two are half-filled. These two half-filled sp’ hybrid orbi#

overlap with 1s orbitals of two hydrogen atoms and form two O-H sigma b
The actual angle between O-H bonds

in H,O has been experimentally
determined to be 104.5°. This decrease
in bond angle from the normal value
(109,5") is due to repulsion between
two lone pairs and two bond pairs of
clectrons. The water molecule, | :
angular or V-shape. Figure 3.19: Ammonia and Water Mole®

(100)
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i) sp’-Hybridization
"k' pﬂ‘\""‘* nr'ml\m;.' 0l ONnesa
\u‘blml\ scalled SP -h)‘hl ldl/.‘:lmn

Each sp*-hybrid orbital has 33% s-character and 67% -character. Examples
areboron tri-fluoride and ethene. P amp

Formation of Boron Tri-fluoride-

In BF,molecule, the ground state electron;

s, 25°, 2py, 2pys, 2P;,°: First we promote one of the lower energy 2s electrons to an
empty higher energy 2p-orbital giving an excited state electronic configuration |s”,
25.2p,0, 2py1, 2p, in which boron has three unpaired electrons. These three orbitals
(one 25 and two 2p) having unpaired electrons are mixed together to produce three
sp* hybrid orbitals of same shape and energy. Note that one of the 2p orbitals of
‘boron remains un-hybridized and is unoccupied by the electrons. This un-
hybridized orbital will be important when we will discuss double bonds in the next
examples,

¢ configuration of central boron atom is

v s
/. &

R pxebatal s <l 3 ” ll'&hd
Combine ko foym three sp? hybrid orbisals Uiy b 2 g cit)
. 124
Figure 3.20;
T\Wl Planar

. These three sp” hybrid orbitals of
Yo Oerlap with p-orbitals of three

b, Moms and form three sigma
&Bb% The BF, molecule is planar

:’%'.ﬁﬁ the FfiF angles equal to

" Beometry of BF, is trigonal ‘v" + .

Figure 3.21: BF, m lecule

(100)
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Formatiomof Ethylene
Consider the example of ethylene molecule, C,H, which has a C=C double bong
this case, three sp’ hybrid orbitals are required, because each carbon atom ighy,
to three other atoms (one carbon and two hydrogen atoms) and there is no [op,
of electrons. As we know, the excited state electronic configuration of carbopy g
28 2p,i, 2p,1,2p,1. In ethylene, one 28 and two 2p orbitals of carbon atom are my,
together to give three sp” hybrid orbitals of same shape and encrgy. The remajy
2p, orbital does not take part in the hybridization. In ethylene, each C-H
bond is formed by overlap of sp” hybrid orbitals on carbon with the s orbitak
each hydrogen atom, There is one sigma bond between two carbon atoms whick
formed by the overlap of two sp: hybrid orbitals, one on each carbon atom
one m-bond which is formed due to
overlap of un-hybridized p-orbital of
one carbon atom with the similar
orbital of the other carbon atom. All
six atoms in C,H, lie in the same plane.
Ethylene has trigonal planar shape
with HEH and HCC bond angles of
approximatcly 120°. The carbon-

18 134
o sl e all.d Figure 3.22: G H, molecalo
carbon-hydrogen bond length is ridy’
108pm.

iii) gp-Hybridlzation
The process of mixing of one s and one p-orbital to give two ide
orbitals1s called sp-hybridization.
Each sp orbital has 50%s-character and 50% p-character.
Examples are beryllium chloride and acetylene.

Formation of Beryllium Chloride VR
The ground state electronic configuration of Beis 157, 257, 2pse: 2Py P2 v

thatinits ground state Be does not form covalent bonds with Cl becaus® ‘ﬁw .
1 dto Ve
aire

atical 575

d in the 2s orbital. Hence one of the 25 electrons is promotee =
al. Therefore the excited state electronic configuration of B¢ 143

orbi
(102)
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N there are two Be orbitals available for bonding, the 25 and 2p.The
kw(z,nnd 2p,) orbitals of Be are mixed together to give two sp hybrid
iﬁﬁ:wnw new orbitals are identical in shape,
e y y %

¥ ! "x

/

R Figure 3.23: Lincar Geometry
naining vacant 2p, and 2p, orbitals do not take part in hybridization,

¥ ﬁMdmbnals of Be overlap with half-filled p orbitals of two chlorine

m-.

'WO Be-Cl sigma bonds. The bond angle between Cl-Be-Cl is

(103)
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other sp hybrid orbital of one carbon atom overlaps with sp hybrid orbity) "
other carbon atom to form C-C sigma bond. The remaining 2p, and 2p, orb;
not take part in hybridization, They form two pi bonds between two carboy
through sidewise overlapping. Acetylene has linear shape and bond angle il
Acetylene (ethyne) molecule has three sigma bonds and two pi
case of sigma bond the electron density is maximuim around the bond axis gy
case of pi bond the electron density is maximum above and below the bond agg

Table 3.3 Nature of Bonds and Shapes of Hybrid Orbitals

: q

sp’ 109.5" | Tetrahedral 4 4 o | fet
sp’ 120° | Trigonal Planar 3 5 1 , Emi
R 5 ) I b WL R Eifyoe

- 3.3.2 Molecular Orbital Theory (MOT)
Valence bond theory provides an explanation of bonding in molecules and st
of the covalent bond in terms of overlapping atomic orbitals. With the hef
hybridization we can explain molecular geometries predicted by the VSEPR
It also helps to explain bivalency ofberyllium, trivalency of boron and tetravék
of carbon. Valence bond theory, however, fails to explain why 0, is paramé®
and N, is diamagnetic. It also fails to explain excited states of molecules !
molecules absorb light and give colours. This theory does not givean explamﬁ‘!
the electronic spectra of molecules. It is not successful in determining the
of unpaired electrons in odd electron molecules like NO.

For this reason, in about 1932, a German physicist Friedrich Hund
1996), and American chemist Robert Sanderson Mulliken,

gave the conceptof molecularorbital theory. The molecular
orbital model is more complex than the valence hond model
particularly for larger molecules, but magnetie and othc;'
properties of molecules are some times better explained by
molecular orbital (MO) theory. Molecular orbita theory

concentrates on molecule as a whole rather than
concentrating on individual atoms, A waye
square gives the probability of finding ap o

(104)

functon whose
lectron within a

e —
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. Vo enaoe :
gion of space 1 an atom s called atomic orbital while a wave functi
N chion

gjven fe
whose square Zves the probability of finding an electron within a given region of
- e - 0

in o molecule is known as moleculas orbital. Like atomic orbitals, molecular
orbitals have specific energy levels and specific shapes, and they can be occupied
by @ maximum of two electrons with opposite spins. The difference between a
molecular orbital and an atomic orbital 1s that an atomic orbital is associated with
only one atom while molecular orbitals spread over all the atoms in the molecule.
We may say thatin an atomic orbital the electron is influenced by one nucleus while
in a molecular orbital it is influenced by two or more nuclei depending upon the

pumber of atoms in the molecule,

Main Points of MOT
i) The number of molecular orbitals formed is equ

atomic orbitals. For example, two atomic orbitals overlap and give t

' orbitals. One is bonding molecular orbital and the other is anti-bonding molecular

' orbital.
ii) The overlappedatomicorbitals donotm

i) The molecular orbital which has less ene

honding molecular orbital e.g. O, n-orbitals.
iv) The molecular orbital which has greater encrgy than parent atomic orbitals is

' called anti-bonding molecular orbitals €.2. o . -orbitals. The asterisk, which you
 readas “star,” tells us that the molecular orbital is an}i-bpnding. |

V) The electron density in bonding molecular orbital is the maximum between the
nuclei of the bonded atoms while in case of anti-bonding molecular orbital the

¢lectron density is the minimum between the nuclei ofthe bonded atoms.

Vi) The bonding molecular orbital has greater stability than the corresponding anti-
bonding molecular orbital because ponding molecular orbital is lower in energy

han its corresponding .anti—bonding mo

‘gmﬁon of Molecular Orbitals
Two types of molecular orbitals are formed as atoms approach each other and their

v

#omic orbitals overlap.

i) The low energy molecular orbita
i) The high energy molccularorbitals (anti-bonding molecular orbitals).

These two types of molecular orbitals are formed due to s-s and p-p overlap,
(105)

_\‘pm't‘

al to the number of combining
wo molecular

aintain their identity.
rggy than parent atomic orbital is called

lecular orbital.

Is (bonding molecular orbitals).
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NOverlap
TWO pes of molecular orbitals are formed due to s-s overlap, one is a bopge
molecular orbital at a lower energy than the original atomic orbitals. The othey o
anti-bonding molecular orbital ata higher energy than the original atomic orbitah%

Consider the formation of H, molecule. Each hydrogen atom hyg one
electron in 1s orbital. Hence, two 1s' orbitals of two hydrogen atoms Overlay tn*
pl‘Oducc two molecular orbitals designated as o, and 0"y, The subscrip Is
indicate that the molecular orbital is formed from two 1s orbitals. The &,/ orbital
called bonding molecular orbital whereas o, (read “sigma-star-one-s”) orbi|
called anti-bonding molecular orbital. The electron density in a bonding molecyly
orbital is located between the nuclei of the bonded atoms because of which the
repulsion between the nuclei is very less while in case of an anti-bonding molecyly
orbital, most of the electron density is located away from the space between the
nuclei. This means that in this molecular orbital, the electrons spend lmk:ﬁ
between the nuclei. Note that the energy of a bonding molecular orbital is less
that of the separate atomic orbitals, whereas the energy of an anti-bonding orbiul&*:
higher. The total energy of two molecular orbitals remains the same as that of m
original atomic orbitals.

N
Node

% Anti-bonding molecular orbital () |
g +
Y

14 orbital of I8 orbital of

Hydrogen Hydrogen - |

Bonding molecular orbitalie,,)

Figure 3.26: Linear overlap of s-s orbitals ‘

It is important to note that 1s orbital of one atom can combine with 15 0’@
of another atom butniot with 2s orbital because of the higher energy of 28 orb! J
compared to 15 orbital. }.{cnce,‘ the ov.eﬂappi"g atomic orbitals must have ¢4 d#;
approximately equal energy. Itis possible when atoms are different from each "

Overlap - ¥
P 1 ation is more complex when the bonding involyes p-orbitals. Two p""b'j

esl ; :
Lhn form either a sigma bond ora pibond. There are two different ways in Wi
(106) J
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yhitals can combine (overlap).

n( %
it ii) Parallel overlap

i) Linear overlap
One setof 2p orbitals (2px atomic orbitals) can overlap along the same axis
(r-axisto give one bonding and one anti-bonding o-orbital (G, and @ ;) These

1shave cylindrical symmetry around the molecular axis.

mﬂm
Anti-bonding molecular orbitl (d,,)
D +E>D '
Honding molecular orbital 035,

Figure 3.27: Linear overlap of 2p,-2p, orbitals

Hatomie arbitaly do not have the same symmetry then they will not combine. For
eample, 2p, orbital of one atom can combine with 2, orbital ofthe other atom but not
With the 2py or 2p, orbital due to their different symmetries. 5

The other two sets of 2p orbitals (2p, and 2p,) are perpéndicular to the x-axis,
and they wil| overlap sidewise to give two bonding and two anti-bonding n-

“bMSvThE‘ % molecular orbitals that result from degenerate 2p, and 2p, atomic
rhitals areidentical and have same energy and are said to be degenerate.

ap
«

Tyl 20 o)

Envrgy

Hoading molecular orbutal gt 3s)
Figure 3.28: Parallel overlap of P, =Py orbitals

 The
qb"‘ﬂlhan ;::eﬂap of the two p-orbitals 1S normally greater in g O-
M=molecular orbital, Hence sigma bonds 4re stronger (h

. (I07)
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Molecular Orbital Electronic Configuration

The distribution of electrons among various molecular orbitals is Calleg
molecular orbital configuration. The method for determining the ejegy,
configuration of a molecule is similar to that of the electronic configuragiy,
atoms. To write the molecular orbital electronic configuration, we have to kng,
rules given below: '
i) Each molecular orbital can accommodate a maximum of two electrons yy
their spins in opposite direction (Pauli's Exclusion Principle).

ii) The electrons are added to molecular orbitals in the order of increasing eneny
level (Aufbau Principle). We are concerned only with the ground-state electry
configurations but not with the excited state.

iii) If two or more same energy molecular orbitals are available then electm
prefer to occupy each molecular orbital singly before pairing begins (Hund's rule)
iv) The number of electrons in the molecular orbitals is equal to the sum ofall
electrons on the bonding atoms.

The molecules are said to be diamagnetic if they have paired electrons mé
molecular orbitals (bonding and antibonding molecular orbitals) and they ares
to be paramagnetic if they have unpaired electrons in the molecular orbitd
Paramagnetic substances are atiracied by a magnetic field whercas diamﬂb"gi
substances are slightly repelled by a magnetic field. Paramagnetic characte!
directly proportional to number of unpaired electrons in the molecular orbitals
increases as number of unpaired electrons increases.

Relative Energies of Molecular Orbitals

The relative energies of molecular orbitals are determined by speC“““ l

methods. The energy order for molecular orbitals is of two types:

i) Energy order for O,, F, and their positive and negative jons is:
Oy < o 15 <020 2= Ozp < (1'!2W= nlpz) B (n.zpy= n.2pz) = 6.3Pt

ii) Encrgy Ordcr for Li:s Be"a BZ’ Cz and N iS

d' < O 15 < Gw.; 6 25 (1['2,), nzp?) < osz T ("t 2py —- ﬂozpz)‘<,o 29,‘
Energy level diagrams are shown as;

(108)
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Enerpy Jeved diagraen for Q,, F. and their jons Encryy level diagram for Liy, Bey, By, Cy, Ny 30d thewr sany
sf;;ﬂ: Energy level diagrams for first and second period homo-nuclear diatomic molecules
- The overlap of the two 2px atomic orbitals is greater than two 2py or 2pz
Yials, Because of this the bonding G,,, molecular orbital has lower energy than
*egenerate m,, and ;, , molecular orbitals, While in case of Li,, Be,, B,, C; and
*‘“bondin'g% molecular orbital has higher energy thanthe degenemte Ty, and
k"'oleculamrbita]s. This U-turn is due to the overlap of a 2s orbital on one of the

S with o 2p orbital on the other. Due to overlapping, the energy difference

Meen, »ad 0, molecular orbitals increases, where the energy of 0, decreases

{1hay of S Moirases. The encie) e is raised to such an extent that it
iu
‘!dng;g:;r 0fbonds formed betw
'dl'a .decr.

hm'cf'“Oleculcs, it can be defined as:

nb%f" halr‘)r‘hc difference between the
andingclccirons (n,)1s called bond order.

sl

ular orbitals.

cen two atoms by the overlap of atomic orbitals is

number of banding electrons (n,) and

h
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Applications of MO Theory :

olecular orbital theory 18 l\cll;l'Lxl 1o the exact clectronic configuration of
molecules. In this class, we study the ground-state clectronic configy
homonuclear diatomic molecules (molecules having two a10Ms of they
elements). The electronic configuration helps us 10 know the propery
molecules,

Formation of H, Molecule:
The electronic configuration of hydrogen atoim is 1s'. Two 1s' orbitals i
hydrogen atoms overlap to produce two molecular orbitals (0, and @’ ). Hyy
molecule has a total of two valence clectrons that are present in o, moly
orbital. The o 1, orbital is empty. The molecular orbital electronic configuraty
H, moleculeis o, 2 The relative energies of two 1§ atomic orbitals and the moke
orbitals formed from them are shown by an

energy-level diagram (also termed as

molecular orbital diagram). Such diagrams ?
show the interacting atomic orbitals on the
left and right and the MOs in the middle. The

bond order of H, molecule can be calculated %‘:

as: 2
- 2-0

Bond Order of Hy= = 2—"1= ; =1

Hence one single covalent bond is

in H.. We, therefore, say that 3 Sl 4
formed lD.'Hz o i y the H, Figare 3.30: Molecult®
moleeule is stable and can exist. diagram for

 Formation of He; (Hypothetical)
The electronic configuration of helium is 1s*. 4
Two 18 orbitals of two Helium atoms
combine to give one bonding (5, and one
anti bonding (6",,) molecular orbital. A
hypmhetical molecule has four electrons, two
and two in 0", as shown in the figure

Energy

in O . ;
3.31. The molecular orbital electronic
configuration ofheliumis 020" .. O
fH _hy—-n, 2-2 Figure 3.31: Molecular "0
gond Order © Sty -T-'-'O for Hypothetical Hé2
{I10)
——— —— -
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Zero Value shows that this molecule is unstable and no bond would be
formed between two helum atoms, Hence, it is mono-atomic molecule.

Formation of N, Molecule

The electronic con figuration of nitrogen atom is 1s°, 287, 2px’, 2py', 2pz' When two
pitrogen aloms approach one another to form N, molecule, only like orbitals on the
wo atoms combine. The Is orbital of one atom combines with I's orbital of the other
stom and the 25 orbital of one atom combines with 2s orbital of the other atom. The
1s orbital of one atom does not combine with the 2s orbital of the other atom,
because their energies are quite different. The two 2px orbitals that lie on the same
plane (internuclear axis) overlap head on and form o, and G 5, molecular orbitals.
The other two pairs of 2py and 2pz orbitals which are perpendicular to the x-axis
overlap sidewise and form two degenerate bonding molecular or&zitals (m,,, and
.. and two de g‘::ner'a te anti-bonding molecularorbitals ( n'lm andm ,..).

q -

The molecular orbital
diagram of N, molecule is shown ?
in figure 3.32. Because of the
absence of unpaired electrons in
the molecular orbitals, the
nitrogen is diamagnetic and IS
very stable molecule. The
molecular orbital electronic
configuration of N, is:
0"1<0'l"2<0232 <0'257 <ﬂ2pj = g
anl)(oszz<n.zpyo=’._ﬂ 2m°<° 2px°

Since the inner shell
‘lectrons (K-shell) have no
?@ﬁcmt effect on bonding,
Mherefore, the O)p < O g i8
i “ently condensed as KK. Now
'mﬁl"ﬁsumtion of nitrogen
K. “canbe written as:
anz 02::((0 2‘2{%:%”2<

20 orbitals

SRl x Figure 3.32: Molecular orbi
zl’f_nzpz"((’ 2’"0 'Or N: I]\Ult‘culc

L (1)
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N molecule has eight bonding clectrons and two anti-bonding clccui
thercfore the bond order of nitrogen is:

Bond Orderof N, = E”;n“ )

A -

The bond order of nitrogen molecule is three which shows that it formsm
bond (N=N), one is si gmaand two are pi-bonds,

Formation of O, Molecule

The electronic conﬁwmhon of
oxygen atom 15 ls1 25", 2P,y 2 Zp.,
2p,». As 1s” and 28 orbitals haxeno
significant effect on bonding,
therefore we will not discuss the
interactions of these orbitals. Each
oxygen atom has three p orbital.
One pair of p orbitals can combine
in head-to-head fashion to form one
bonding (Ozp0) and one anti-
bonding (o ,N) molecular orbital.
The other two pairs of p orbitals
combine in a sidewise manner {o
produce two bonding (7, and
T,,,) and two anti- bondmg
molecular orbitals (7 2py ANd 70 2pz)
The molecular orbital diagram of
0, molecule is shown in figure
3.33. Oxygen molecule has 16
electrons, the e¢lectronic
configuration of O, molecule is,
therefore:
KK<02§<°252<°2W‘<“2W"
n2pf<n 2y - 2pz

Energy

lectr Figure 3.33: -
From the e onig Molecular orbial diagram for Oy proles® i
configuration it is clear that oxygen
molecule has two unpanred |

electrons in its two degenerate T 20y

(12)
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o ﬂ'worbimls and is, theretore, paramagnetic. In the molecular orbital diagram

| aightielectrons occupy bonding orbitals and four electrons anti-bonding molecular

| ,;m‘nk sothe bond order of O, molecule is;
: s n b~ "a
gond Order of Oy= ;
s N

2

A bond order of two indicates that there is double covalent bond in O,
molecule. One bond is sigma and other one is -bond.

14 Bond characteristics

4.1 Bond Energy
average amount of energy needed to break all bonds in one mole of a gaseous
stance 1s called bond energy.
It is also called bond enthalpy as it is a measure of enthalpy change (AH) at

%K. For example, the bond enthalpy for the bond in H, is the enthalpy change
¥hen one mole of gaseous H, dissociates into hydrogen atoms.

| H-R—— 5 2H AH=+436kJ/mol

'i This equation tells us that breaking the covalent bonds in | mole of gaseous
molecules requires 436kJ of energy.

Thcbond'energy'(:an also be defined as:

The amount of energy released when one mole of bonds are formed from
‘entatoms is called bond cnergy.

Forexample, the bond energy for the formation of H, molecules is:

B s H'H AH =—436kJ/mol

m cakir is an endothermic process.

| ‘Wmumexothmnicnm' e o

the et energy value is positive, thereaction is S
u“““‘%ﬂlw is negative, the reaction is exothermic. X
the The uniy of bond energy is kJ/mol or keal/mol. The bond energy is a measyre

Mu(y of molecule. The stability of a molecule is related to the strengths of
Mubybmd" The strength of a covalent bond between two atomg is

¥ the energy required to break the bond. The greater the bong Cnergy

(13)
‘
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the stronger the chemical bond and the stable is the “.“"L'Cl‘lcj FO{’ ¢
hydrazine (N.H,) is highly reactive (unstable) whereas nitrogen (N,) is g ¢
molecule. Because nitrogen has a very strong nitrogen-nitrogen triple bond
While hydrazine has a weak nitrogen-nitrogen single bond (N - N)

Bond energies play an important role in thermochemistry, It hClpg.-

explain the heat of chemical reactions. For a chemical reaction, the enthalpy .,
can be written as:
AH = IBE (reactants) + ZBE ( Products)

Where, £ shows the sum of terms and BE shows the bond energy.
The enthalpy of the reaction,(AH), is the sum of energies needed to break oldi,

in the reactants plus the sum of the energies released in the fomati?n of new
in the products. Consider the reaction between hydrogen and chlorine to fom}
When one mole of hydrogen gas reacts with one mole of chlorine gas then?

of HCl gas is formed.

This reaction involves breaking one H-H and one C1-CI bond and fon
two H-C] bonds. The enthalpy change for this reaction is estimated as:

The amount of energy required tobreak H-Hbond =436 kJ/mol
The amount of energy required to break Cl-Clbond =242 kJ/mol
The sum of bond energies of H-H and C1-C1 =436k J/mol + 242k)/mol =678
The amount of energy released when H-Cl bonds are formed = —432 kJ/mol
The energy released when 2 moles of H-Cl bonds are formed =864 kJ/imol

AH for HC1 = ZBE (reactants) + ZBE (products)

= (+678kJ/mol) +(-864k]/mol)

= —186kJ/mol

This is an example of an exothermic reaction. [n an exothermic™ |

energy required to break the bonds is less than the energy released to maké
bonds. The excess ener?y is released as heat. Conversely, in an €
reaction, the encrgy required to break the bongy is more than the energy
make the new bonds. Energy is drawn in from the surroundings to ¢
reaction.

(I14)
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factors Affecting Bond Energy
Hectronegativity (E.N) Difference
“feater the electronegativity difference of the bonded atoms, greater would be the
“™energy, For example, the bond energies for HF, HCL, HBr, and Hl are 565, 432,
& ;ndmk.!/mo] respectively. The bond energies of hydrogen halides decrease in
“ollowing order:
. HF > HCl > HBr > HI
m;}d“ ﬂ:isbem value of bond energy of HF is due the greatest EN difference
| lowest value of bond energy of Hl is due to the smallest EN difference

— -

. Xamp]
"8y of nitrogen-nitrogen single bond (N-N), double bong (N=N) :n:

(15)
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triple bond (N=N) is 160, 418, and 941 ki/mol, respectively. 1t shows that they
bond is stronger than the double bond, which in turn is stronger than the single
Bond Length |
Shorter th N i e Table35: [he Relation betwegy
¢ ¢ bond ?ength. greater will be th L ength and Bond Energy

nd energy and vice versa. e |

As the number of bonds between the

carbon atoms increases, the bond length 154
decreases and the bond enthalpy increase. 133
That is, the carbon atoms are held more 77 =

A 120 Nohe
closely and more tightly together. —
Atomic Size l

Greater the size of bonded atoms, greater would be the bond length, hence
will be the bond energy and vice versa. For example, the bond energy
L(151kJmol™) is smaller than that of C1,(243kJmol ). This is because the ||
length is larger than Cl - Cl bond length. :

3.4.2 Bond Length
The distance between the nuclei of two covalently bonded atoms is called ba
length. It is also known as bond distance. Bond lengths can experimentill
determined by using the physical techniques such as, electron diffraction, *
diffraction, and spectral studies. In many cases, bond lengths for single ¢¢ ;
bonds in compounds can be roughly predicted from covalent radii. Hence,
length can be estimated as the sum of the covalent radii of the two atoms*
example, becausc the covalentracius of hydrogen is 37pm (one half the bosd

of H-H ie -2-X74 =37 ) and that of chlorine is 99pm which is one-"

the bond length (198pm), therefore the H-Cl bond length in hydrochlorib .
approximately 136pm (37pm +99pm = 136pm). The actual value of bond jead?
HClis 127pm. The bond 'le"slh olf triple bond is shorter than double bond ¥**
turn is shorter than single covalent bond. As the | 4
qumber of bonds (bond order) between two atoms T‘E‘.ﬁ?éﬂﬁ%&"’m"’ﬁﬁf -

increases, the bonds length decreases. For example,

(he average bond lengths for carbon-carbon single, | = €-C *
double and triple bonds are given hereinthe [ e=g | !
(able3.6. . (s

(118)
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rhe values of average bond lengths help us:

To provide the clue to the type of bqnding present,
4 To understand resonance structures in molecules like ozone.
Table 3.7:  Average Bond Lengths (pm)

asing atomic size and vice versa. For example,
an Br- Br(228 pm).
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So order of bond length will be:
HF <HCl<HBr<HI

Type of Hybridization : |
Greater the s-orbital character in the hybrid orbital, shorter will be bond lengdh
example, the carbon-carbon bond distances in cthane, ethene and cthype an iy
133 and 120 pm respectively. because ethane, ethene and ethyne have sp', sp* andy
hybridization respectively. The bond length also reduces dueto the presencef
bonds in ethene and ethyne,

3.43 Electronegativity (E.N)
The measure of the ability of an atom in a molecule to attract the bonding eleciry
(shared electrons) to itself is called electronegativity.

The electronegativity of elements decreases from top to bottom in a grog
periodic table due to increase in atomic size. Itincreases from left to right inapen
of periodic table due to decrease in atomic size.

Sl Table 3.8: The Pauling Electronegativity Vitlues T
230 -
u B=
098 | 157
Na | Mg
0.93 | 131 TE A
K s | % | M v Cr Mn | fe | Co N | Cu b e
082 | 100 136 150 163 160 155 183 | 188 151 190
w | sr | v |z [ m w0l = | Rl oAn | pd | ag
082 | 095 122 133 160 236 130 220 228 2120 1.93
cs [ Ba |t | W Bm W R0 | o
079 | 098 127 130 150 236 190 220 | 220 | 238 254

g | aa | Ar | A [ D | 5g | Bh | Ha | W | o Rg
o oz — | = | — | | | | |7

| §If!§s[ 1

electroncgativity values,

3.4.4 lonic Character

Unequal dis(ribuléon af bonding electrons be
character OF polarity of molecule, The measyyr

tween two atoms is Caued V
¢ of extent of sharing of ¢
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o quw”:‘: o1 uncqlm“}' the electron s are shared) in & covalent bond 1s known as

pondpolartty: . :

A covalent bond mvo!vcs tl1§ shar!ng of at least one pair of electrons between two

stoms. 1n 8 molecule like H,, n which the atoms are identical, the bonding clectrons
That is. the electrons spend the same amount of time in the

ore shared equally.
ch atom. We can say that the electron pair is situated exactly between

vicinity of ca
(he tWO identical nuclei. The bond so formed is called non-polar covalent bond or
simply non-polar bond. But when the two atoms are of different elements, the
sonding electrons are not shared equally. That is, the bonding electrons spend more
{me near one atom than the other. For example, in the case of the HCl molecule, the
sonding electrons spend more time near the chlorine atom than the hydrogen atom.
(his “unequal sharing” of the bonding electron pair results in a relatively greater
hlorine atom and a correspondingly lower electron

Jectron density near the ¢
lensity near hydrogen, The resultant covalent bond is a polar covalent bond (or

solar bond).
m. ‘ becat .thclmeqllaldecm sharing creates two

poles across the b ~boMlu8twopolcs.1usthkcmbmery.on=posmveand
| mqwdmompmalmxgc.msymbolsa'md
m’medtoshowdlcdisuibnﬁgnofpaﬁalchm'gesina
dcltaplus,andddpminns.mp:uemapuﬁal

. | 73

valent bond as intermediate between a
f electrons is exactly equal), as in H,, and
(s) is nearly complete), as in NaCl.
me example of a polar
timate whether a

You can consider the polar €0
polar covalent borid (where sharing 0
1ionic bond (where transfer of the electron
fom this point of View, an ionic bond is simply an extre
walent bond. We use a quantity called electronegativity to es
venbond is nonpolar covalent, polar covalent, or 10RIC.

.. Blectroncgativity is used 10 prggdict nature of bond. But predictions may not
ways be correct because there is nO clear-cut division between ionic bond and
’?‘WValenthond, m}ewcmcgativity difference of two bonded atoms predicts
?*Mmre gfw or bond polarity. The greater the difference between the
oncgativity values of the bonding atoms, the greater would be the bond

Onegativity
atity and the stronger will be the bond. The electronegativity difference between

(113)
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tWo bonding atoms is often represented by the symbol AEN, where EN jgq o
for electronegativity and A is the Greek letter delta which means “difference s
electronegativity difference (AEN) is determined by subtracting the
electronegativity value from the larger. When AEN is Zero, the bond will b,
covalent bond (100 % covalent). When the electronegativity difference ing
1.8 or greater, the bond will be ionic. Ifthe AEN is from 0.5 10 1.6, the bond will
polar covalent bond. When the AEN is below 0.5, the bond is normally clagsifig
a covalent bond, with little or no polarity. If AEN 18 equal to 1.7 the bond willjy
50% covalent character and 50% ionic character.

3.4.5 Dipole Moment

Dipole moment is the measure of polarity of the bond in a covalently bosj
molecule. We can say that the polarity of a molecule can be 3
experimentally by measuring its permanent dipole moment. The greater m
moment, the greater is the polarity of molecule. The molecule is considered s
polar when its dipole moment is zero. We know that polar covalent bonds 1
between atoms of different electronegativity. In the HCI molecule, the chika
atom is more clectronegative than hydrogen, and the chlorine atom thus attracd
electrons towards itself. As a consequence, the electrons are displaced towar
more electronegative chlorine atom and it gets partial negative charge (&). 0l
other hand, the less electronegative hydrogen atom attains partial positive dq

(6. The molecule such as HCI which has a |

partial negative charge at one end and partial Q+ ¢
positive charge at the other end is said to be p=Q+r 4‘«
polar. V 1 — Ny

Dipole moment is defined as:

The product of electric charge on either end of a polar ‘
bond and the distance between the charges is called dipole
moment. Itis shown by p(mu).
Mathematically,

Dipole moment = Charge X distance
M e e

Where Q is charge and r is distance. Q refers only to

the magnitude of the chargc and not to its sign, so is always
sitive. Dipole momentis usually measured in debye units

(D), (pmnouncgd as duh-l?)'ft)- named for the Dutch-
American chemist and physicist Peter Debye. In SI units,
dipole moments are measured in coulomb-meters (C.m).
(120)
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ki ID=3.34x10C
% The dipole moment of water is 1,851 and that of ammonia is | 47D, The
N Jarger value for the dipole moment of water means that water is more polar than
‘Y ammonia. The dipole moment is a vector quantity which has both magnitude and
bq direction. The direction of dipole moment is from positive toward negative. We
f"f often represent the dipole using an arrow with a cross at one end (~+—>) to indicate
% the direction of electron displacement, The point of the arrow represents the
Il pegative end of the dipole (8 ) and the crossed end (which looks like a plus sign)
represents the positive end (8°). The length of arrow shows magnitude and its head

shows direction.

L Diatomic molecules containing atoms of different elements (for example,
& HF, HCl, HBr, HI, CO, and NO) have dipole moments and are called polar
d', molecules. Diatomic molecules containing atoms of the same element (for
5’ example, H,, O,, N, F, and Cl,) do not have dipole moments and are called
. nonpolar molecules. For a molecule made up of three or more atoms, both the
, polarity of the bonds and the molecular geometry determine whether there is a
¢ dipole moment. Even if polar bonds are present, the molecule will not necessarily
\ have a dipole moment. It is noted that if a molecule is polyatomic and has two or
} more dipoles, then net dipole moment is the vector sum of individual bond
moments. An example is the CO, molecule, which is a linear molecule. In this case
 the opposing bond polarities cancel out, and the carbon dioxide molecule does not
' have a dipole moment, There are many cases besides that of carbon dioxide where
the bond polarities oppose and exactly cancel each other. Some common types of
molecules with polar bonds but no dipole moment are CS,, SO,, CH,, SiH, and

CCl,,

~ Example 3.1
in Debye unit, of a hypothetical 100 % ionic

| Calculate the dipole moment, X 3
are at a distance of 1A .

‘molecule where unit positive and unit negative charges

‘Th“harg harge on the either ends of the moleculeis 1.60x 10"°C. :
; \o‘\‘\c_ voo/ -
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H=Qxr
Therefore,
Dipole moment of the hypothetical molecule = 1.60X 1077 Cx 107"y
= 1.60x107Cm
Since, ID =3.34x10Cm |
1.60x1072Cm _ o
_Hence, 4 =334 x10°C.m/D L |

Applications of Dipole Moment
Dipole moment can be used to determing:

i) Percentage ionic character i) Geometries of molecules.
i) Percentage lonic Character:
It is defined as:

The observed dipole moment divided by ionic dipole moment

answer is multiplied by 100 is called Yoage ionic character.
Observed dipole moment _ . o

oLage ionic character = e
ofE Tonic dipole moment

%4age ionic character of some molecules is:
HF = 43%, HCl= 17%, HBr= 12%, Hi = 5%

[t decreases by decreasing dipole moment. If dipole mome
bond 1S 100% covalent.

nt 18 Zere®

The observed dipole moment of HCL is 103D and the distance D%
(bond length) 18 127pm. Find the percentage ionic charactet of 0¥

Oﬁ served dipolemoment of HCl=p,,=1.03D
Distance petween Hand Clatoms =r=127x 10 120 =1.27%
Wbcn HClis 100 ionic, then the charge on each atom (Q) is the€

nditisequal ©01:60% 10°C. :

The ionic dipole moment can be calculated as: e

jonic dipole moment=(1.60x10"°C)x(1.27 x 10"°'m)=2.03% 10
2.03x102Cm__ ¢ 08D

. dipole
Joni€ aipP 3.34x10°°C.m/D

) ‘
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moment in Debye unit =




mmentagc ionic character of HCI can be calculated by dividing the
ith ionic dipole moment and the answer is multiplied

od dipole moment w
witl g 1.03D
percentage 1omcgha;actcr of HCI 608D

x 100% =16.9%

e
Geometries of Molecules

Thedipole moment helps to determine the geometries of molecu les.

of Diatomic Melecules:

The geometry of diatomic molecules is always linear whether they are polar or non-

¢s of Some Diatomic Melecules

lar.
3 Table 3.9: Dipole Moments and Geometri

S o
(0| row L e
| T
e — T~ polar ||  lLinear
7 o g | T N R e L

| =60 || Nonpolar || Linear

= e | Non-polar ||  Linear
Iy | [ N ] T = ol TN
ent because the electronegativity of

“The HF molecule has dipole ™ . . . w
e - en (2.1). Thus fluorine attains partia
f““me (3.98) is greater than that of hydrog and HF molecule becomes

. . o ocria] positive Charge
mgcn ::d lgdrohiiz m ;af:::;u]cisnommlarand has no dipole moment.
Wit On the other g

This i b the two hydrogen atoms share electrons equally and no bond
ecause e .

F“lu:i;oﬂ\.-mto:ni:l :ih:s linear or angular geometry, it can be decided with
w"'=!l\er. 1@ triatomic molecu mic linear molecules have no dipole moment,

the : . Triato
. "lp of dipole moment. - ar bonds are equal and opposite. They

i the bond moments of the :‘:; :;: l
: ! Forc 5
) the effect of each other. with polar covalent bonds. The shape of CO

* Carbon digxide is a molecule
Molecule ; e 5 : . They are equal and have opposite directions
¢ of ecach other. Therefore, the dipole momen 01;

(123)
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CO, is zero. Although carbon dioxide has Bond dipeles
ol i
relatively Strong polar covalent bonds, CO, is a 3 .', ,f"q
I
nonpolar molecule, On the other hand, if the 1

CO, molecule were bent, the two bond m

moments would partially reinforce each other, .
Figure 334

S0 that the molecule would have a dipole Geometry of €O,
moment. / Molecule

fMﬁ
You can think of two groups (say one group belongs to first year and the
other belongs to second year) of students in a tug-of-war. The first year|
students are at one end of the rope and the second year students areatthe|
other end. Each group pulls the rope towards itself, There is no|
movement, because each group pulls on the rope with ﬂlcsamcﬁmcbnt i
\mlhcopposucduecuon.ﬂencc,d\enetfmulszam gy

i1) Consider the water molecule which has i!
two polar O—H bonds. The bond dipoles point |
from the hydrogen atoms toward the more Bond dipoles |
electronegative oxygen. They are equal but do ol dw*,ﬂ
not have opposite  directions. So they do not /\ of ok

cancel the effect of each other. This is due to
non-linear geometry of H;O. The shape of H,0
i‘s bent or angular. Because of its bent shape, the

water molecule as a whole has a negative pole Figure 3.35:
itive pole. If the H,O molecule wer, Geometry of Watef
e 8 : : Molecule

linear, the dipole moment would be zerg,
gimilarly, geometries of H.S and SO, are also

angulal’.

Geometries of Symmetrical Molecules

The s ymmctrw&l triangular planar moleculeg (BE,, AICI, and SO,) and tcﬂj

molecules (CH,, SiH, and CCL)have zero dipole moments, 1n these m0*
b oments cancel effectofone another
bon

(124)
y
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=0 p=0

Boron Trifluoride Carbon
{Non-polar) Tetrachloride
(Non-polar)

Figure 3.36: Geometries of symmetrical polyatomic molecules

Table 3.10: Dipole Moments and Geometries of Some Polyatomic Molecules

Q‘P

S " as melting pomt boxlmg point, density, colour,

PSl ’ va ressure and chemical properties such as reactmty
il umdm&ﬂgrdoﬂd‘"““"°°ﬂ“”“”"‘“““""hmm

(12

£
e e ——— T i e A M —
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3.5.1 Solubility of lonic and Covalent Compounds
' Solubili(y IS a measure of the amount of a solute that WI.” dlS?OlVF Ina S0lven
sPecific {emperature, For example, 36g of sodium chloride W'_" dissolve i l%

Water at 20°C, We say then that the solubility of NaCl in water is 36g/100g otk

20°C, Why some compounds such as sodium chloride and Sugar are readily g

M water while others, such as marble, sand and gold are insoluble i
Solubility is 4 complex matter, and it is not always possible to make oo
Predictions. Solubility involves many factors but we will discuss only one fyp -
this topic. The saying “like dissolves like” helps in predicting the solubiliw
Substance in g solvent. What this expression means is that two Substances v
intermolecular forces of similar type and magnitude are likely to be soluble in e
other. For €xample, both carbon tetrachloride (CCl,) and benzene (C.H,) are i,
polar liquids. The only’ intermolecular forces present in these substances
London dispersion forces. When these two liquids are mixed, they readily dissyy
in cach other, because the altraction between CCl, and C¢Hy molecules
comparable in magnitude to that between CCly molecules and between Cf
molecules. On the other hand, water molecules are very polar and are attractsd
other polar molecules or ions. When NaCl is placed in water, polar water molec

become attracted to the sodium and chloride ions on the crystal surfaces and el
the attraction between Na* and CT ; e |

-

compounds are insojubje iy
as ethyl alcohol and acetic acid.) dissolve

in Water due g hl;ow“d- (i

3.5.2 Reactions of lonic ang Coy

The reactions of coyalem cOmpoungs :::“mt‘fhoglpounds : IW‘:
breaking and formation of bonds whereqs the react.ioow, b.°°a}lsc they invol'®
fast, because theirions are already separated g e ns of;o;., ic compounds 5
bonds. ehergy is needed to bred®

{125)
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353 Directional and Non-directional Nature of lonic and
Covalent Bonds

lonic bonds are non-directional and they do not show the phenomenon of isomerism
while covalent bonds are directional and they show the process of isomerism.

same molecular formula but different structures are
menon is called isomerism. The covalent
_e. n-butane and iso-butane.
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This theory is particularly useful for explain
ofoxygen molecule and other substances.

#  The bond order is the half of the difference between the number of eleg; »
in bonding MOs and the number of electrons in antibonding MOs. A p
orderofone corresponds to a single bond: two corresponds to a double gy
and so forth. Bond orders can be fractional numbers. B

> Thedistribution of electrons into molecular orbitals takes place accoPdml
Aufbau principle, Pauli's exclusion principle, and Hund's rule.

»  Acovalent bond in which the electron pair is not shared equally by the g
bonded atoms is called polar covalent bond whereas a covalent bong di
which the electron pair is shared equally by the two atoms is called 100
polar covalentbond.,

» The bond energy (bond enthalpy) is defined as the average amount of !
needed to make or break all bonds in one mole of a substance. Energy
released when a bond is formed, and energy is absorbed when a ;
broken. 5

» The distance between the nuclei of two covalently bonded atoms is ca
bond distance or bond length. Bond length depends on bond order; a@'
‘bond order increases, the bond length decreases. by

» Electronegativity isameasure of the ability of an atom to attract bond peirdl
electrons towards itself in a molecule. Fluorine is the most clectror
element whereas the cesium is the least electronegative clcment

 periodic table. Electronegativity values range from 0.7 for Gs to 4
~ The difference in the electronegativity of bonded atoms exn b
datcrmmethepohmyofabond mmmel.
| dnﬁaenc%betwemmommachem(; it ‘
1_ andtbemoremacltschm'acten g
-,,—-': ' Iledd > n either mﬂsofapo[a; o
betWemthem is called dipole moment. -Itis a vector quantity and has®
 magnitude md dimenon D]po[e me men is rquanntyap&.

— e "
ing the paramagnetic Ch
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Four answers are given foreach question. Sclect the correct one.

e i) Which bond is formed first between two atoms?
(a) Sigmabond (b) Pi-bond
(¢) Double bond (d) Triple bond
n) Molecules having four bond pairs and no lone pair give
geometry:
(a) Trigonal (b) Tetrahedral
(¢) Octahedral (d) Triangular

i) Which ofthe following compounds has linear shape?

(a) CO, (b) CS. (c) BeCl, (d) Allofthem

1v) Whichofthe following molecules show sp” hybridization?
(a) NH, (by AICl, (c) MgCl, (d) BeH,

v) Which one of the following compounds is polar?

(a) H, (b) CH,

(¢) CCl, (d) CHCI,

vi) The s-character in each sp -hybrid orbital 1s:

(a) 25% (b) 33% (c) 50% (d) Noneofthese
vii) How many lone pairs of electrons are there in NH, ?

(@) 4 (b) 3 (©) 2 (d) 1
vitii) Which one of the following atoms is the second most

~ clectronegative atom? '
- (a) Nitrogen (b) Fluorine
~ (e) Chlorine (d) Oxygen

ix) Bond lengthof C=Cis:
(a) 120pm (b) 133pm (c) 154pm (d) Noneofthese
x) Acetylene molecule has:
(a) Onesigmaand one pi-bond
- (b) Ongsigmaand two p‘i-bonds
() Twosigma and two pi-bonds
(d) Three sigma and two pi-bonds
f?illm the blanks with suitable words given in the brackets:
) Resonance structuresare __ structures, (Real’hypothetical )
i) The carbon-carbon " bond length is shorter than carbon-
Catbon  pond.( Single/double)

(129)
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cules

of BF, and A (], have planar (riangular geometries while
ol and PO have trinngular pyramidal geometries, as

- wolecules. the central atom is bonded with three other

TR

it & Nl
oy J.
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Q.38.

Y T T TR N e ?. R T TRy F— G T T Sy
-
! .

(.39
Q.40.

Q.41

Q.24

/ 025,

\ Q.20,
Q.27.

Il Q.28.

Q.29.
Q.30.
Q31
Q.32.

Q.33.

Q.34
0.35.

Q.36.
Q.37.

How molecularorbital thcory 14 supenor to VSEPR and VB
How would you. distunguis h between bonding apd ﬂng
moleculararbitals?

What is bond order? Explain the signifivance of bondnnlcr (J

bond erderof H,. Oy N; and N,
Do all the: sigma mulu.ll[ ir urb:ml\ result from the OVcrlagqg

orbitals? 3
Explain the follow g W jth reasons:
(i) The molecule of hydrogen (H,) is stable and that of b&}

is unstable.
(ii) N,isdiamagnetic whereas O, molecule 1s paramagmg,

(iii) Thebond energy of N, 15 greater than O,
(iv) Thebondorderof O, is less than O3,
(v) AceordingtoMOT the Be, molecule does not exist.

What is the difference between atomic and molecularorbltal"
Distinguish between dhamagnetic and paramagneuc substar 'f,,, N
Draw the molecularorbital diagrams of He,. €, F, and Ne,m 0lectl
Define bond energy. Deseribe in general how the hond ent ;‘_if}':,',.
elements changes across a period and down the group.
Explain why bond breaking is always endothermic andbond i
alwaysexothermic? i
Explain how we canuse bond energies to estimate the heato et
Estimate theenthalpy change for the combustion of hydrogen
2H7l¢) + 02(8) = ZH‘.’O(g) ¢ :
Define bond length. Describe the various factors that affect 'f--?{
What is the relationship between bond order and bandkﬂ@l‘h 5 1
withan example. 3
What 1s electronegativity? Discuss general trends ofei anegt
the periodic table, a8
Explam polarand non-polar covalent bonds with smt&biﬁ?* i
Polar covalent bonds are stronger than nen-polafcawleni |

Cldﬁhlfy the fO"DWIng bgnds as covalent, pols Wﬂjw
justify your answer: Pt

(a) ThebondinH,  (b) Thebondin HCl
{¢) ThebondinNaCl

141

(132)
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Q3.

Q4.

)43

).50.

- Howdipole moment he
- Although the bond in beryllium hydride (BeH,) mo

< L0, and H,0 are triatomic maolecules; the shape of CO, is

!;,5*1 ’
[

The electroneitivin e

nee of two bondéd atoms helps us w predict
the matare ol bond, how

With the help of periodic tale. predict which atom in each pair has the
smaller values of eleet ronegativity:

@NO  ®K.C (s (d) Na,K

Define dipole moment, What
moment? Explain the ol
geomelry,

are the units and symbol for dipole
ationship between dipole moment and molecular

How can we Calculate

1¢ Ysage ionie character with the kelp of dipole
moment?

Ips us to find the grometry of molecyles?

lecule is polar but the
dipole moment ofthe moleculeis zero. Explain.

linear while
thatof H,0 is angular, How are their shapes different?

+ Arange the molecules in order of increasing dipole moment: HE, H,0,

HI.NHS,COQ and H,S.

The dipole moment of HF 15 1.82 D and the bond length is g2 pm,
Caleulate the percent ionic character of the H — F bond. The unit positive
Uf negative charge is 1.60x10°"C. Is HE more ionic or less ionic thap
HCI?

Caleulate the dipole moment, in Debye. of HCI molecule. The bogg
length in the HCY molecule is 127pm and the ¢harge on each atom s
1.60x10 "C.

< CIF ga5 is inter-halogen compound (the vompound which has bonds

between different halogen atoms), The bond length of the molecule is

163pm and (he dipole moment of the mol?cu‘e is.0.8~8D.'. Calculate the
Unitcharge onthe atom thathas partial positive charge.

+ Separaie those molecules, friom the molecules given below, which have

Yipole moment equal to zer i SR

M HBr @) ¢, @il) SO,  (v) CH, (v) 32.0
ODCS,  (viiye,H,  (viii)CHCI, GONH, ()SH,
What s the meaning of the expression “like dissolves like™ Explain with
Builable-.examplcs.

(133)
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4.9

Boyle's L
Charles's Law

Avogadro's Law

Ideal Gas Equation

Deviation from Ideal Gas Behavior

Van der Waal's Equation

Dalton's Law of Partial Pressure
Graham's Law of Diffusion and Effusion

4.10 Liguefaction of Gases
4.11 Fourth State of Matter: Plasma
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Gtite and use Graham's Law of diffusion, (Understanding)

Juse Dalton's Law ofPartin] Pressures. (1

ing)

stibe some of the lmplicalimmvol?.-tho{j}(—;iijgﬂf"; Q eeular Theory, such as the
ofmolec ules and Graham's Law. (. Applyin, )l,’ b bl Ty G

-

ind me&hod [orthe liquefactidh’ofs?dfé}?}' Ung
essurc and give itsdifferent units, (Rememberin

and explain plasma formation. ( Undcrsiandmg} RIS

What is matter? Matter is anything which has mass and occupies space. Matter is
classified by its physical state as solids, liquids, gases and plasma. Under normal
conditions, most matter on earth exists in one of three physical states, namely, solid,
liguid, or gas. Solids have both definite volume and definite shape. Their particles
are close together and fixed into place due to the greatest interaction forces. [iquids
have definite volume but have no definite shape. They adopt the shape of container
in which they are placed. Their particles are still close together but move freely.
Their molecules have greater attractive forces than gases but less than solids. Gases
neither have definite volume nor definite shape. They occupy all
the available space of the
container. Their molecules are
neither close together nor fixed in
place due to weak attractive
forces. The gases occupy about
0% (99.9% empty space)
‘icreas liquids and solids occupy

ut 70% (30% empty space) of
¢ lotal volume at room
“iperature and one atmosphere

Mlasmn

—lonizationd /|

€ D ronization=

o
Fasure, Our body contains M
halter in 3 ' ical statés: &« Freeing — g
) (boau three physical states: e

R ne, han-, muscles elc.), Figure 4. 1: Ringram showing posstble changes

! (b]O()d and body ﬂuids), of states of nutier

0835 (the pases we inhale and exhale and the gases that are produced in the
ne), The particular state of a substance is determined by temperature and
n Te under which they exist. For example wates changes to solid (ice or snow)
A 0°C and changes to gas (steam) above 100"C. The physical state of a
ance ljSllally means its state at room temperature (about 20°C to 25°C) and at

(135)
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e atmosphere pressure. At room ""”'MJI“W b i illfn()spherc PresSing
pPhysical state of water, milk and vinegar is liquid; salt (NaCl), SURar (syg g
gold is solid: and that of oxygen, carbon dio.\id‘c and methane i 845. The S
form of matter is the gaseous state, The most of the I'Tlill‘lCl' arourjd US 1810 fhas
state. The liquid state of any substance exists only with ina relatively
of temperature and pressure. A fourth state of matter, called P]§5"‘3~ iS less f il
Plasma is ionized gas mixture. Stars are made of plasma. Fire is an eyx }
Plasma. Most of the universe is composed of plasma. Plasma, like gages o
indefipite shape and an indefinite volume |
Out of 118 elements onl y Il elements are gases under normal conditige
they “are hydrogen, helium. nitrogen, oxygen, fluorine. neon, chloring, 15
krypton, xenon and radon.}‘ '

Table 4.1: Some Com

pounds Found as Gases at Room Temperature (25°Cy and One Atmosk
Pressure '

> —

Hydrogen bromide

Theory of Gases (KMTG

KMTG was proposed by Swisg Mathematician Bernoulli. In 1738, he sugges
that gaseous molecules are in 4 continuous state of motion

In 185 7, RUdOIf ClaUSiuS ( | 822-1 888) posmlatcd Kinetic mo]ccu!a]'
for better understandmg the behavioyy of gases, This theory was further de
by Ja‘me§ Maxwell (1831-1879), Ludwig Boltzmann (] 844-I906) and Vo
Waal. This theory sometimes called Bj s

Billiard baj| ;e
4.1.1 Postulates of Kinetie Mol model.

The main postulates of this theory are:
iy .
:1)1 olecAl::eia > consist of very large numper of tiny particles called #
i) The molecules of EASCS are wi
the volume of the gas is e
compressed and mixes comp
ji1) Theactual volume of

dely Separated from each other. Henee %

:)ty SPace (nearly 99.96%). That is why ¢55%°
Clely with cach other,

45 Molecyeg i negligible (very small) as 0™
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olimeofthe 2as or volume of its container.
FI?.\GaS mO]CCUICS are m constint l:mdnm motion in
'.:,nghl lines. Their direction of motion changes only
:bct;thc.\' callide with one another or with the walls of
nainer. That is w!my gases quickly and completely fill
mf}‘t‘nmaincr in which they are pPlaced. Pressure ex erted !

by gas 18 due (0 collision of molecyles with one another

arwith the walls of container, : G\} /‘ & =&

v The collisions of gas molecules yre completely
edastic. This means that total energy ofmolecules before

qand after the collision remaims same. In other words. ) .
energy can be transferred from one molecule to another Gas Molecule:  coneainer
werestultofa collision. However, the total energy of all Figure 4,2

Random motion

femolecules ina system remains the same. Therefore, of gas molecules

te average kinetic energy of gas molecules is hot
#fiected by these collisions and TeMains constant as
*mg 5 there is no ¢hange in temperature.
i_ﬁfl) Due to large intermolecular distance. no attractive or repulsive forces are
Mlamong gasmolecules. Therefore. they are independent in their behaviour
j'-.“'} Gﬂs'mnlecules have kinetic energy. This is due to constant motii .

%ing- emperature, the average Kinetic energy of gas molecules increases. A ny
¥ at the same temperature will have the same average kinetie energy. Gas
‘._cles Move faster as the lemperature increases, hitting the walls of the Container
i "Ote force ang producing higher pressures.

~_ng Information: |

ays, 0xygen gas molecules move faster than a jet ai

on. By

| rplane at an average
=200 Km per hour, But those oxygen gas molectles are unable to cross
fast because cach molecule of gas has abaut 5 to 6 billion collisions with
&l —5Sinone second, 5
M2

Q*of':,f:“"m and its Units o ‘

Mtor%moﬂ 'Mportant properties of any gas is its pressure. Gas pressure 15 a

~0ree exerted by the collision of particles with the walls of the container
& ~ (137)
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t:ht‘ '()'(\'L‘L‘\L'l'il.‘d |‘\ gas molec ios e it are pst second t...-u.l‘Cd gﬂsp
SImply pressure ( 3
i

Vacuum €1 '
|

!

Pressure(P) = J}{O}Z—b:_((}l\—)z |
‘ i

The pressure exerted by Earth's !
atmosphere can be measured with a baromeler.
A simple barometer is one meter long glass tube - Atperens
which is closed at one end and open at the other '
end. The barometer is probably the mosi
familiar instrument for measuring atmospheric
pressure (The force exerted by atmosphere on
unit area is called atmospheric pressure), How

R iy -

atmOspheric pressure is measured? Metcary (Hg)

Barometer is constructed by Alling 8 gioure 4.3 The height of mes
glass tube with liquid mercury (Hg). and then column in the baromeis
inverting it into a mereury containing dish. The 4
mercury in the tube on inverting, flow outinto the container, creating 4 vact

¥,
o

the top (closed end) of the tube due to the force of gravity. This fall becomeseqs
{he force exerted by the atmosphere which balances the gravitationa]-foméfg‘_
‘atmospheric pressure. | _

The length of tube (column) measures atmospherie pressure, AUnes
pressurc Varics from place to place and with changing weather “,:,‘i‘
Therefore some standard pressure must be taken. The standard annosphﬁﬁﬁ,
pressure is the force exerted by 760 mm of mercury on an area of Lo 010G
the average atmospheric pressurc at sea level, '
Units :
A number of different units are used to measure pressure, The Commm}"-
pressure is millimeters of mercury, symbolized mmHg. The P ~.’;
millimeter of mercury (mmHg) 1s also called the torr in the honor of
Torricelli (1608-1647), the Italian mathematician and physicist who W=
harometerin | 643. Thus we have the following relation:

1 atm =760 mmHg =760 torr |

The SI unit of pressure is the Paseql (Pa), named in hon o

(138)
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— 1(11325P
i b) \\L know that, 4 1pSt = “,:”; S p :
11325 Pa
/ Hence, 14.7 s} ;
HH_?Z_:»Pu
L pst = 77[4_?;)9
101325Pa AR
RN WML bttty S K v
35 psi 14, Tpsi P
= 241250Pa
| <) We know that, 147 psi = lamm= 101.325kPa
Hence, 14.7 psi 101.325kPa
. 101.325kPa
= 14.7ps1
101.325kPa :
5 psi = % 35psi
3! 1 4. 7psi i
= 241.250kPa
d) Weknowthat, 14.7psi = 1atm = 1.01325 bar
Hence, 47psi = 1.01325 bar
: 1.01325bar
Ipsi = .
4. 7psi
P : 0132 :
38 heli~— 1.01325 l.)ar % 350si
b 14.7psi '
= 241250 bar
e)  Weknow that, 147psi = 1atm = 760 torr
ety 14.7psi = 760 torr
 psi = 760torr
14.7psi
S G
35 psi= L2 mrrx35psi
14.7ps1
\ = 1809.52torr
Practice Exets_'dse i: :
The pressure of atmosphere on the 1o
P ol ML, Everest is 270 torr. Re
v pressure in (a) atm, (b) mbar, vand (¢) ps;. 2
(140)
L—_

TOPTIINY  —————
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42 Boyle's Law(Pressure-Volume Relationship)
it 1662, the proncering English scientist Robert Boyle and
his assistant Robert Hooke (1635 - 1703) used a J-shaped
glass tube closed at one end to measure (he volume of gas at
diferent pressures. They kept iemperature constant. They
aserved an inverse relationship bhetween volume and
prOSSUIe-AN INCrease in one resulis in g decrease in the other.
This law can be stated in two ways:

i The volume of a fixed amoun of gas is inversely

: e " Robert Boyle
propartional to pressure at constanttemperature. (1627-1691)

Ifthe gas pressure is doubled. the volume is halved: if the
pressure is halved, the gas volume doubles,

o | ;
K P (8t Constant Temperature)

V = T Where K is proportionality Constant
ir

PV =K

With the help of this equation, the Boyle's

!;;Vc:nbedeﬁncdtas:

1 Al Constant temperature, the product of
Pessure and volume is constant for the
EVeN masg of gas;

Mathematica]y,

WERY, < py, =k
i lm:i':? :hﬁl' P is the inflial pressure and iy
QP) VO:Z V0|ul.ne.n [fwe increase Pfe.ssm'e Verification of Boyle's Law
B Me will reduce to V, and if we

~¢ pressure 1o Py, the volume will
1indso on,
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&4 When a student of your ¢lass fills helium gas inside the balloon, it inflateg
Pressure of gas mside the balloon becomes equal to external pressure, Bccaus;
OEsame volume of helium is less than the mass of same volume of air (i.c. hﬁ.liﬁm"’
dense than air) at constant temperature and pressure. Because oF this; it rigey yn
ballom) Carry on travelling until the pressure inside and outside becomes equa) 7
Stopstising and remains in one placeinthe atmosphere.

Graphical Representation of Boyle's Law I
1) 1fa graph is plotted between pressure on 9
the x-axis (abscissa) and volume on the y-axis l &
: " i . =7\ —
(ordinate). then a curve is obtained, which = [l
* = R
shows that, pressure is inversely proportional ;§ =
i 3 12 .".w
to volume. This curve is called isotherm or ' s
8 —
hyperbola. (Iso means same; therm means - ~
4 — s g
heat). JE
% ! - =
ii) The process in which the temperature ol o & A H-oom wuE
the system remains constant is called P
Y 2 Figure 4.5:
isothermal process. Graphical representation of Boyles

A b

xample 4.2

A green colour balloon occupies a volume of 25dm’ when the gas press

1 25atm. What will be its volume if the pressure is increased to 2.308

constant temperature?

Solution:
Initial volume =V, =25 dm’
Initial pressure = P, = 1.20atm
Finalvolume =V, =7
Finalpressure =P, = 2.50atm
According to Boyle's law: P,V,

P‘vl = P2Vz or V1= Pz

-

By putting the values we get,
i (1.25 atm)(25 dm)
V=7 350atm
i (142)
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e |25dm .
¥ et pressure yolume ol gas decreases, henee final volume is less than
B

rahyome:

Exercise 2:

hare gas found in Sui Gas (Natural gas) contains a volume of 70dm’ at &
csare of 75atm. What volume would the gas oceupy if the pressure is
. y four times? The temperature of gas remained unchanged.

3 Charles’s Law (Temperature-Volume Relationship)
11787, a French physicist Jacques Charles, who was the
st person to fill a balloon with hvdrogen gas and who
ae the first solo balloon flight, found a relationship
steenvolume and temperature of a gas (volume increases
\Eemperature increases and decreases as temperature
feases). This relation is called Charles law. In 1848, a
wsh physicist William Thomson (1824-1907), whose |}
kWi Lord Kelvin, proposed an absolute-temperature ac;um ( n.;sr.ic».
%, now known as the Kelvin scale. He identified (1746-1823)
?3:15"(? a8 absolute zero, theoretically the lowest attainable temperaturce. In
M’f the Kelyin scale, Charles's law states: Volume of a fixed amount of gas is
L p?e';‘l’monal oabsolute temperature at constant pressure.

Vo ' e .
| Vt T ~ (Atconstant pressure) S i

: KT '
| ‘v'kﬂckis Proportionality constant )

?= K et > b .

— \:

“&m | Conl ‘ v
g Volt?::m]:: Is changed fromT, ?a
. Changes from VitoV,, l—:-’
! v V=41 B e
o T T = 298K R

: ad -2 = g
T

Figure 4.6: Verification of Charles’s Law
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The law can also be stated as:

ratio of volume and temperature pes

For the given mass of a gas, the
constantat constant pressurc,
Keep in Mind | .
The we the symbol for degrees (%) are not] used w:‘t)lt :l:: cl scale,]
LKelvin (absolute) scale must be used in all gas law problems m 8 ‘emperature
__——-___—w,
! Conceptual Check Point:

Graphical Explanation of Absolute Zero:
When a graph is plotted between
temperature on x-axis and volume on y-axis &
for the sample of a gas, a straight line 18
obtained which intersects the temperature
axis at —273.13C. This shows that if the

sample of gas is cooled to -273.15°C, the
volume of the gas will become zero. Any
volume less than zero are not possible. The
temperature at zero volumeis -273.15°C \
(0K), no matter what kind of gas is used. J 200 w0 0

' ¢ S -273,157C
This hypothetical temperature (-273.15'C) rompenae (T
ot which volume of & gas is considered as  Figure 4.7: The graph betsﬁ'ﬁf b
zero 18 called absolute zero or zero of temperature for three l‘? “".-
Kcl vin or absolute scale. This lowest possible temperature couldbe achie?’ 4

. a<a ’ : - : . l /
the substance remains in gaseous state. Since all real gases are con erte® "y

jate before this temperature, therefore, this is not possible for real 857
2 Law of Conservation of Mass,

(144)

— Volume (1) —>

 h
"
I

Ehe
B

agains( the
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o Kelvin and a degree (‘ ’Q'h“h have the same magnitude. Thus, while we add 273.15
o the femperature m "L to get the temperature in Kelvin, a change in temperature in
Celsius 1s equal to the change in lemperature in Kelvin, A temperature of 25°C s the
ame as 298.15K. A change in tem

. perature of 25°C, however, is the same as a
change intemperature of 25 K.

« Inmostcaleulations we will use 273 instead 0f 273,15 as the term relating K and °C.
By convention, we use T o denote absolute (Kelvin) temperature and t to denote
{Celsius temperature,

Absolute zero can also be defined as: the temperature at which the molecular
motion ¢eases (stops) and a substance would have zero kinetic energy. At this
emperature, none of the particles would be moving at all. Their speed and their
kinetic energy would both be zero. The absolute zero is difficult to attain. Anyhow,
recently the temperature as below as! 0.000001K) has been attained which is
greater than absolute zero {Charles law'is not obeyed when temperature is in degree
Celsius (°C). The temperature on Celsius scale has negative values (below 273.15
Relvin). If we put negative values of temperature in to the equation, we get negative
viumes, The negative volume for matter (gas) is not possible. In order to ensure
utonly values of V= 0 oceur, we have to use an absolute temperature scale where
=0. Thestandard absolute scale is the Kelvin (K) scale, ‘

 Greater the mass (no. of moles) of a gas taken, greater would be the slope of
sestraight line. This is because, greater the number of mole of a gas. greater would

the yolume of a gas.

B S—

&

3

L

"eep in Mind )

ke Scientists prfer the Kelvin scale to the Celsius, and certainly to the Fahrenhe
e the Kelvin temperature of a gas is doubled, its volume has doubled as well.

-~ M
L

HESme cannot be said if the temperature were doubled from, say. 25°C to 50°C, or

W'O 122°F, since neither the Celsius nor the Fahrenheit scale can be used to
e the volume of gas.
O}

Dample 4.3
oon i inflated 1o a yolume of 1.5 dm” at room temperature (25°C). What
e h¢ new volume of the balloon when it is placed in a hot water
ol T 607C)? The pressure stays constant.

——

J
b
9 )

ohme =y~ | s’

(145)
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Initialtemperature = T, = 25'C+273 = 298K
Final volume =N, =1
Finaltemperature =T, = 60°C+273 =333K
Pressure = P = (Constant
According to Charles' law,
Vi _ V; N,
P or V, =T,
T1 Tz TI
By putting the values we have,

1.5dm*
V, = — x 333K

208K

3

V: = 1.68dm .

The final volume is greater than initial volume. because, according|

\_Charles' law, volume increases by increasing Kelvin temperature.
Practice Exercise 3: -
A child blows a bubble that has a volume of 25 cm” at 10°C. Ass the bubble

it comes across the hot air where the temperature is 30°C. What is thé;.’;‘
the bubble, if the pressure does not change?

-----

4.4 Avogadro's Law

(Amount-Volume Relationship)
The Italian scientist Amedeo Avogadro (1776-1856), a
professor of higher physics at the University of Turin for
many years, observed a relationship between the volume
and number of moles of a gas at constant temperature and
pressure. This relation 1s known as Avogadro's law. This law e Avodset
was proposed in 1811 but it was not generally accepled '.\m(th;?Qs-l.Sf:’”
until after 1858, when an Italian chemist, Stanisiao Cannizzaro, set vp a I
system of chemistry based on it. The law is approximately valid for real
sufficiently low pressures and high temperatures.
Avogadro's law canbe stated in three ways:

i) Equal volumes of different gases contain equal numbers of molc‘-’“w'dt
spme temperature and pressure.

One dm’ of hydrogen gas contain the same number of moles (or m0|¢cu|".

3 <13 :
one dm’ of helium, nitrogen, oxygen or any other gas at fixed tempe
pressure.

{145)
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5| numbers of molecules ol dilferent gases occupy equal volumes al the
i ) prafuife mdﬂlt'\\llu
! (h 02x10™" molecules) of hydrogen gas occupies the same volume
mole of oxygen, argon orany olhcr gasatSTP.

602 %107

! s [ Usiozxn® |
L T
3200 2394 | Go2x !9
70.91 2063 | 602x 10”
e 2094 | 602x 10"
[ 440 256 | sozxie” |
i _ 2414 v 6.02 % 107 |

'v 1 @dsm of gas molecules do not affect volume of the gas.

A slnwcanalsobe stated as!

% Yoline of 5 gas is directly proportional to number of moles at constant
W pregsyre

A%d‘“g to Avogadros law, the volume of an ideal gas at a constant

tc""!"Bl‘atnre depends on its molar amount. If the amount of the gas is
h., B8 volyme 5 doubled; when the amount of the gas is tripled, the
“ W ifthe amount i halved. the volume is halved; when the amount of

'llc Yolume s zero.

l(ilgm"
!M Hemperature and pressure)
1§ the number of moles and K is the proportionality constant.

i: % (47
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V= Kn or

Have you ever inflated a balloon? 1f yes. then you experience Ayyy.
law, With each exhaled breath, you add morc £as particles i the inside ot
balloon, increasing its volume. The more air you .wmlld put “flO the baut"-
greater its volume would be, because the volume of the balloon is the volumeqy

trapped gas. If a hole 1s poked in the balioon, the gas €SCAPEs, decreasing i

amountof gasand the volume,
ne temperature and pressure, the kg,

For two samples of gas at the sat
an be represented as:

between volumes and numbers of moles ¢

i et

Where, V and n, are the initial yolume and nu mber of moles of the gesm

and n.are the final volume and number of moles.
In calculations, we us¢ Avogadro's law in @ manner similar to the olhis

laws.

Conceptual Check Point:

N

" Example 4.4 '
Nitrogen peroxide gas contains 0.1 moles n 2.24 dm' balloon ! STRIE
moles of this gas are present when the volume of gas becomes 1.20055

temperature and pressure?

Solution: 5
n, = 0.1 mol, V, =224 dm’
n, =72 Vo= “2de

-

According to Avogadro'slaw,
\ Y | ’

1

Vi
(148)
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By puting the values,

G.1mol. . 1124y
D2 3 24dm’

- (0.5mol
— J
Wﬁxercisc 4: '
gt constant temperature and pressure 10 moles of ammonia gas oceupies a
204000mL yolume in a closed container with a moveable piston. What will be
&mwume ofthe gas when 2.5 moles of gas is removied from the container?

|5 Ideal Gas Equation

Ideal gas equation 18 a relationship between pressure. volume, temperature
mmber of moles (amount) of a gas without assuming that any of the parameters
wonstant.
&l Derivation of Ideal Gas Equation

Ideal gas equation is derived by combining Boyle's law, Charles law and
Wgadro's law:

According to Boyle's law:

Vo % (atconstantnand7) ... (1)
According to Charles law:

Yo P (atconstantnand P) ... (11)
| According to Avogadro's law,

; ol | (atconstant Tand P) ...... (111)
“Ytombining the above three equations, we have
Vg T

AP
MMW“"B indicates that the volume of a gas is directly proportional to the

e of but is inversely
hﬂsw € of gas and to the temperature of the gas, but is in 2
-’Nh,,-g:) 'he pressure of the gas. We can replace the proportionality sign Wi

, bylnCOrpo'rating R.

Ve L
ST

"mnslng the above equation we get,

(1481)
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PV = nRT et (M) oy

Where P is pressure. V is volume, nis number of moles, R is EChery)
constant and T is temperdture. , |

Equation (iv) is called ideal gas equation and R is called generg) OF Wik
gas constant. This equation is also called general gas equation or Perfect g
The Ideal gas equation can be used to calculate the value of any ope of the
variables P, V, T. anc n. when the values of the other three variables are given

General gas equation can be used to predict what happens when they
volume, and temperature of a gas sample are all changed at once. We ﬁnd(h;{
value of pressure times volume divided by the Kelvin temperature is lhesam"
the gas sample before and after the change. Hence, for one mole of gas, equatioq j
can be written as,

PV = RT or
If P. V and T are changed for a gas from P, V, and T t0 P,, V, and'l’,;!
equation will become: 1

PVi R

T, .
A

T
Therefore,

A RS )

T L

This is another form of an ideal gas equation. This equation can b‘es. i
any one of the six variables if the other five are known and is useful in 6=
the pressure-volume-temperature relationships of gases. 3

However, each of the quantities in the ideal gas equation must be &
in the units within R. .

Pressure (P) must be expressed in atmospheres, volume (V) 11 °%
decimeters cube, amount of gas (n) in moles and temperature (T) 10 Kel

{ conceptual Check Point:

" W) )
1 5 " n : : $i8
dAN AU SO e
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s
Applications of Ideal Gas Equation
iy Ideal gas equation is used to calculate the mass of the gas, if P, V. T and
molecularmass of the gas s known.
gince. Mass of gas(m)
~ Molecular mass of gasf( M)
By putting the value of # in PV = nRT. we have

PV = %RT o

_ PVM
RT
ii) Ideal gas equation is used to calculate the molecular mass of the gas.
By re-arranging the equation (v1), we have
M = DRT
P
Since, !
Therefore,

M= dg- .............................. (vii)

P
i) Ideal gas equation can be used to calculate density of the gas.
Byre-arranging the equation (vii), we have,

M
RT

o \’eme‘.lrhe density of a gas is directly proportional to pressure and molar mass but
2 Proportional to temperature. The higher the molar mass and pressure, the
Wmmle 8as. The higher the temperature, the less dense the gas. When we have
e 9'armasses of two gases at the same pressure but different temperatures, the

__TRasis less dense than the cooler one,

“Oncepty;) CheckvPOint:

Ueq] o C?"%tﬂllts and its Units
@ﬂs;qﬁqahon is used to determine the value of R. Thé value of R for one mole of

(131)
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P =latm
V =22.414dm’

n = lmol
T =273.15K
Ri= 9
Formula used:
PV
PV= nRT or R=—1+
nl

By putting the values in the equation, We have
latm x 22.414dn’

R =
Imole x 273.15K

= 0.08206atmdm’mol 'K’ :
If pressure is expressed in Newton per meter square (Nm”) and volumey

cubic meter (m’). then we find that.
P = 101325Nm”

V = 0.0224m’
n = Imol
T = 27315K
R =7
Formula used: PV
PV= nRT or

T

By putting the values, we have

_ 101325Nm” x 0.022414m’
Imolex273.15K

_ Since, = 8.31Nm mol 'K

INm = 1]

Therefore,
R = 831Imol'K"

Since,

lcal = 4.184]
Thercfor;, _ 83l

4.184

[.986¢cal mol 'K

l

(152)
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A S%Wnplc of H,S gas hns avolumeof 1. 7dm’ ata temperature of 37 a ,
has 3 moles, what will be the pressure of the gas?

Exlmpleas PEN T f...; jede o ~
What is the molar mass of 134 grams of a gas at —73 C? The Presxm
15 10 atm and its volume is 5 dm’.

Solution:

Molar mass = M = 7 5
Massof gas = m = 134g )
Temperature =T = -73°C +273 =200K

Pressure = P = l0atm
Volume -V = Sdm’
Formulaused: M = Ik
PV
By putting the values,
0 _ (134g)(0.08206atm dm’mol 'K ‘)(20010

(10atm)(5dm’) -

Solution:
| Densityof HSgas = d =7
Temperature =T = I°C +273=273K .
e = P = 960mmHg / 760mmHg atm ' = 1267
| Molar mass of H,S gas = M = 34g mol’’ 1
PM
Formulaused: d = o

(194)
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By putting the valucs,

(1.26atm)(34gmol )

(0.08206 atm dnr’mol 'K )2
g d = 1.91g morl |
Practice Exercise 7: = S
Whatisthe density in g/dm’of butane (C,H, ) gasat

i K, R

4.6 Deviation of Real Gases from Ideal Gas Behaviour
The gases which obey gas laws strictly at all conditions of temperatures and
pressures are called ideal or perfect gases while those which do not obey gas laws

strictly are kIIOWI! 4s non-ideal or real or actual gases. The behavior of a real gas is
often somewhat different from that of an ideal gas. In actual practice no gas is ideal.

All known gases are non-ideal. The gases at sufficiently high temperature and low
pressure behave ideally.

4.6.1 Graphical Explanation

Auseful measure of how much a gas deviates from ideal gas behavior is found in its
compressibility factor. The compressibility factor (Z) of a gas is the ratio PV/RT,
From the ideal gas equation (for one mole of a gas) we see that for an ideal gas, the
ratio PV/RT=Z = | .The compressibility factor values can be less than or more than
one for a real gas. When the pressure is increased for real gas, the volume of one
mole of the gas is decreased because of strong intermolecular forces. As a result of
this, the value of compressibility factor (Z) becomes less than one (Z<1). When the
ressure is further increased (i.e. at very high pressure). the gas molecules are
‘owded closely together and the intermolecular repulsions become operative, and
% doubling the pressure cannot halve the total volume. As a resull, the actual
®lume of a real gas is larger than expected for an ideal gas, and the valye of
“Ompressibility factor (Z) becomes greater than one (Z > 1). The ratio PV/RT
‘PProaches | only at very low pressures (< 10 atm.) for real gases,

The extent of deviation depends on the nature of the gas, temperature and

fessure under which the behaviour of a real gas is studied. The deviation

‘ ) from ideal behaviour is most significant at high pressures and [ow
?"?peramres, that is, near the conditions under which the gas liquefies,

) Devi
‘Viation at high pressure
Border to check the ideg'i:ypof a gas we plot a graph between pressure on X-axis

°°mpressibility factor (Z) on y-axis for four real gases and an idea] gas at a
(153)
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SIVen temperature. In case of ideal gas
4 straight line parallel o x-axis i

obtained. But all veul gases (H,, He, N,

and: NH.) has been found w show
marked deviation from ideal
behaviour,

At one atmospheric pressure
(and room temperature), most gases

behave nearly like an ideal gas, because @ |
1) The molecules are moving so Figure 4.8: It is clear from the gy
rapidly and are so far apart that the deviation of gases from the iy

¢ | behaviour is greater at high pressre]
attractions between them are very weak ts due to more attractive forces wp

ornegligible. temperature.
11) The space between the molecules
15 s0 large that the volume occupied by
the molecules themselves is

insignificant (negligible). MJ
At high pressure, the gas volume decreases and the empty spaces amobs
‘molecules decrease. As a result of this, the volume of actual gas molecules
significant (does not remain very small as compared to the volume of
total volume of the gas) and hence cannot be neglected. :
Different gases deviate differently from ideal behaviour. The devid
real gases from ideal behaviour is higher for polar gases and lower for 17
gases. For gases such as hydrogen. helium, nitrogen, neon, or oXygeh o
from the ideal gas behaviour are less than 0.1 percent at room tempel'am ;M
atmosphere pressure. Other gases, such as CO,, SO,, NH.. or H.0, “"f‘ !

5]

intermolecular forces and hence show greater deviation from ideal behaY

ii) Deviationat Low Temperature
As the temperature of gas molecules decreases, the kinetic energy and V"
gas molecules decreases. As a result of this, the .numbel' of collistons des s
the gas molecules come close to each other, thus forces of attraction’
molecules become effective, Hence at very low temperature, near

under which the gas liquefies, the gases deviate from ideal behaviour

(158)
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The deviation s due 1 two |

aulty assumptions: TRy

i) Thcuctuulmlumcm'thcgasiﬁ very small as comparedtot .

orthe volume ofthe container R

) Thereisno force of auy |
The postulate

postulate (ii) is re

action among gas molecules, =0
(1) 1s responsible for the deviation at very high pres ]
Sponsible for the deviation at very low temperature.. R e TR

4.7 Vander Waal's Equation

The Dutch physicist Johannes Van der Waals; in 1873. at the
University of Amsterdam modified the general gas equation
in order to caleulate the volume and pressure of a real gas.
He recognized that the ideal-gas equation could be
corrected by performing the volume correction and pressure
correction. He gota Nobel Prize in 1910 for his work.

Johannes Van der Waals
)  Volume Correction Lh&3/-1923)
‘When an actual gas 1s compressed. the molecules come close Ve o
10 each other and a stage comes when it is not possible 1o &
compress it any more. At this stage, they produce force of
repulsion, because gas molecules have definite volume, The [* *****++
actual volume of gas molectiles is very small but it cannot be : : : : : : : :
neglected. If the effective volume of the molecules permole o vy vy .
0f a gas is b, then the available (free) volume to gas [+« s « o 77
molecules is the volume of the container minus the volume \et = * ‘)"' .
Ofgas molecules. Eﬁmive Volume ‘b’
vflu' % mem«‘ Vlmlccluc's s
B Vom0 B P will be proportional (o the number
e S il : of molecules per unit volume
This equation can be written as: _ |colliding with the walls of container
Vi ™ Vep —nb S e s () :2;! :;:??v?l 3:1‘: ;l?:iggiglzllgzﬁscxllcb

. Where, 'n' is the number of moles and . ‘
Yiseffective or excluded volume of gas. The volume occupied by one mole of'a gas
Mhighjy compressed state is called effective volume, IUis four times of the actual
Olume of the gas molecules.

b=4Vm ‘

Where, Vi is the actual volume of one mole ofa gas.

(157)
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i)  Pressure Correction

Consider a molecule in the interior of a gas is attracted by other molecylagp
sides and there is no net attraction on the molecule. When such Moleeyla
With the walls of container, it cannot exert full pressure due to backwarg pn
molecules, So these molecules do not collide with a force with which jy . |
collide. Hence less pressure is exerted on the wall than actual pr%“- .
pressure),

Pﬂbl = Pl = P‘
LS T S e e (i1)
Where,

P, 15 observed pressure, P, is ideal gas pressure and P is decrease
pressure

The P will decrease as the volume will increase due to decrease in fum
attractions. Mathematically, ’

d n.,n
LSy
or
Pl
E
or
2
n
P =a—
V? |
Where, “a™ s proportionality constant. t
By putting the value of P! in equation (i1), we have 1
Pi = P()bs - % ......................... (lll)

By putting the value of equation (i) and equation (iii) in e g
equation (PV=RT), we have

an’®
(Pops + v V-nb)=nRT
This is Vander Waal's ¢quation where ‘q' and 'b" €
determined constants called Vander Waal's constan(s, When 'a'and o
(158)
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the van der Waal's equation reduces to the ideal gas equation, | piiad
T, and n represent the measured values of pressure, volume, tempe: “';sﬁr
numberof moles, respectively,

Thevalues of constants 'a' and ' forreal gases mcgwenmthetaﬁfb’#‘ = 4

LS ' lﬂ"ﬁ.“_ Vi ﬂc_; Waal's Constants for Some Real Gases: "
> me | Formula [ aatm dtmel
E% n }12- B 0.244 -.._ . .

g chiB - T ok i

s SR e
05 S g :
o
. BN SRR “
EHy | 2353, ool s
CNHy | 4170, FE T g
e R e s
002 e akees = e 7=

S R T 00408

Itis clear from the above table that polar gases have greater values of ‘¢’ than
0n-polar gases. This is due to the presence of strong intermolecular forees in polar
@5¢s as compared to non-polar gases. .

'3 Dalton's Law of Partial Pressure
Fhe English scientist John Dalton (1766-1844), in 1803, made an important
ontribution to the study of gaseous mixtures, Dalton's law of partial pressures
%ies that the total pressure exerted by a mixture of non-reacting gases is equal to
o amofthe partial pressures of all the gases present in the mixture,
—-_."ii')‘,a:sy,?tgm three gases A, B, and C are present, The partial pressures of
v Easesare: '
| ng-é Partial pressure of gas A
By = Partial pressure of gas B
P = Partial pregsure of gasC
" Dalton's Jaw may be mathematically writtenas:
T B

m"‘eyp, 18 the tota) pressure of mixture of gases. |

ArWebreathe i amixture of about 78.084% nitrogen, 20.948% oxygen,

(159)
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0.9349, argon and, 0.033% carbon dioxide and other h"";m”"“inc '
ARER . ol \Informag
S45¢s (Hydrogen, helium, methane, krypton, carbon ——— ,."}w }
The composition of air
not change ap .

monoxide, xenon, ozone, ammonia, nitrogen dioxide, of iy
Suphur dioxide and water vapours) in trace amounts. altitudé. b&fec‘i;bb
Due to the force of gravity, molecules making up the pressure dccreasc: 4
dtmosphere are most coneentrated near Farth's surface. | The partial pressy 4
In dry air, total pressure is the sum of partial pressure of {oxygen in air

- X decreases with inceme.
N,, O,,Ar. CO, and other gases. altitude, and it s this g
Mathematically. it can be expressed as, that leads to difficuly i

Pﬂ"n = P\k ¥ Pu_.* P, +Pey + Puﬂu:lg..tu\ breathing at highel 7' 1 3

Suppose the partial pressure of nitrogen, oxygen, argon, carbon dioxide. i
other gases in the air is 593 torr, 159.5 tor, 7.14 torr, 0.23 torr, and 0.13 ti
respectively. So the total pressure of the gases in the air will be:

P = 593+159.5+7.14+0.23+0.13

P.. = 760torr

atm '
A partial pressure is the pressure of an individual gas in the mixture ofg
This law says that the pressure of a gas remains same whether gasis alom |
with other gases at constant temperature and pressure, g
Putanother way, pressure of a gas is due to collision of malecules. It 4z
upon number of molecules or moles of a gas present in the mixture. Grea
number of moles (molecules) ina mixture, greater would be the pressure. [tmei
P axn
So, pressure of a gas is directly proportional to the number of molesofi$
For instance, if' we have 1000 gaseous molecules ai 50°C in a container 402

exert a pressure of 0.latm, then adding another 1000 gaseous molecules ©°

substance at the same temperature 1o the container would increase the prs
0.2atm. |

———

Conceptual Cek ont:

Expressions for Calculation of Partia) Pressure tﬂ' a (Gas
i)  From general gas equatioy

In a mixture of gases, the partia) Pressures of pases can be Ca]cumted g

general gas equation when numiber of mejes and total pressure of each &
At constant temperature and volume, RUESSE

(160)
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Suppose WO gases A and B are present in the gas cylinder havingparﬁal
wssures P, and Py respectively. The number of moles of gases A and B are n, and
ny. THE gcneral gus equation is f’V =nRT. Since R, T and V are same forgas@&l!!ﬂé
B hence the partial pressures of these gases are:

e N

RT .
A R E R e (1)
Similarly,
T Lt i, (ii)
: By

For a mixture of two gases A and B, the total pressure is given by the
gxpression:

Proa = B+ B = (ny+ ny)—

-----------------------

vith nitrogen gas (N,) at 450 mmHg and
s are transferred to a single

d be the total pressure of
D,

By dividing equation (i) by (ii1) we get,
RT
Bty
Py RT
n —
T

Ly

....... e 0V)

0000000 .

Pyis partia] pressure of gas A, n, 1S number of moles of gas A, n.is total
%Of moles of gases and P; is total pressure of gases

(161)
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i) From Mole Fraction of Gases
The number of moles of a particular gas divided by total number of moleg-or’
present in the mixture is called mole fraction and is represented by X therefy,

n

—A = A (an-‘nA*‘nn)

Ny

By putting the value ofn, /n, in equation (iv) we have,
P, = X,.P;

Where, X, is mole fraction of gas A. This equation tells us that the preg
of a gas in a mixture of gases is the product of its mole fraction and the total pregy
of the mixture. You can determine the partial pressure of gas A (P,,) by multiniys
its mole fraction with the total pressure (Py). N
Similarly

Py = Xa.Pr

Where, X, is mole fraction of gas B.
For example, the mole fraction of oxygen in air is 0.21; hence its pif
pressureis0.21atmor 159.5 torrat standard temperature and pressure.

Applications of Dalton’s Law

i) Determining the pressure of pure and dry gases -
Some gases like H,, N, and O, are collected by downward displacement ¢ Y
Due to evaporation, some water molecules are mixed with gas and gas
moist. The partial pressure of such gases can easily be determined by
equation of Dalton's law of partial pressure:

ngﬁ = PT Y mermpmm

PHZ — PT" Pm'm Yapours : . M |
The partial pressure of water vapours in gases I8 caltee =

gion Or vapour pressure of water.

>

ten

Table 4.4: Vapour Pressure of Water at Various Temperatuies,

. , 7
O e Y 9.9

T, e 17:5 ‘
. = =908 31.8
o | 553

- s /& 925 ‘]
5 (162)
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2

sof Respiration

o\

fl _jion s due 10 difference in pa tial pressure of O, in air (159 torr) and lungs
gaf""ﬂ). Oxygen flows [rom a region of higher partial pressure to a region of

LR jal pressure. The partial pressure of CO, inside the body is greater than in

w86 CO, comes out from the lungs.

™ \thigher Altitude

u"m'gh“ Juitude, pilot feels llflCt\meﬂahlc where pressure is around 150 torr

;ﬂ Ailes than 159 t-orr (at which \}/e feel comfortable). So pilot uses pressurized
s Ontop of the highest mountain, Mt. Everest, the total atmospheric pressure

d—— > - 2 22
) o, so the partial pressure of oxygen is only 57 torr, or about one-third of

;;17 hat 1s why @ human cannot survive for long at such a low pressure of
sen At thataltitude, the mountaineers use an oxygen tank and mask. which give
sncreased partial pressure of oxygen to the lungs,

i DeepSea Divers
ke partial pressure of air (O, ) increases at the depth below the surface of water,
wial pressure of oxygen increases five times at the depth of 40 meters. Ordinary
remnot be used there, So, deep sea divers use a mixture of helium (96%) and
10 (4%) called heliox that contains a lower percentage of O, than air. Helium
Sibes not dissolve well in blood, and thus it is safer for a diver to inhale this
fhelium mixture. At the same time, the oxygen exerts the same pressure that
normally atone atmosphere pressure.

‘nceptual check oint:

artial pressure of each gas in a mixture when the volume is

owering the temperature or (b) increasing the total pressure?

BlaLLl | # ‘» N
‘M. 8.8

|

e

;\
$

“Which has  yolume of 500 mL contains 10 grams of argon and 0.5
"t room temperature (25°C). Calculate the total pressure of the
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3 e e 4 '1( ”
Temperature = T = 25'C+273 298K
- I) —» '.)

Total pressure ,
Before going to calculate total pressure,
We should know about moles of gases.

02— 0.250mol
39.948gmol

o030 __0,025mol
20.179gmol

According to Dalton's law,

Molesof argon = n,, =

Molesof neon = iy,

PT = (nAr+ nNe)—\}—

By putting the valuges, -
_ (0.08206atm dm” mol "K " )298K)
Py = (0.250 mol = 0.025mol) (0.50K)

Py = 13.45atm
The total pressure of gases in mmHg can be calculated as,

P, = 13.45 atm x 760 mmHgatm ™' = 10222 mmHg

.

Practice Exercise8: ; S e
‘What s the total pressure of 3.50 grams of oxygen and 9.25 grams ¢

gases at9’C ?Both of the gases are present in 100mL perfi

,

49 Graham's Law of Diffusion and Effusion
Diffusion is the spontaneous mixing of gas
molecules By random motion where molecular
collision OCCUTs. When a perfume bottle is opened at
the front of a classroom, it takes some time before
everyoné in.the room can smell it, because time is
required for the perfume molecules to mix with the
air. Lighter molecules diffuse more quickly than
heavier ones, SO the first molecules you would smell
froma perfume mixture are the lighter ones. The rate
of diffusion is the rate ‘of the mixing of gases.
Effusion is the escape of gas molecules through a |

(164) |

Scanned with CamScanner




1) hole mto a vacuum without molecular

oy (SN

sollision. | ighter molecules efluse more quickly Y

(han heavier Ones. I'he rate of effusion is mversely ‘ Viscuum . :0‘!‘.-
;wpmtinnul 1o mn.!;lr mass of the gas. If we have .‘,’-f 4
wa balloons in which ong has helium and the other | oo % :‘ "
has carbon dioxide gasi A helium filled balloon | < ,",'-: v
deflates rapidly as compared to carbon dioxide | Pinhole .'“.' :0'_
filled balloon because the rate of effusion through s '.‘::
the tiny holes of the balloon is faster for the lighter . : 2 _ e -

Figure 4. 10(b): EMasion

helium atoms than the heavier carbon dioxide
molecules. p

The rates at which both of these processes occur depend on the speeds of gas
molecules; the faster the molecules move, the more rapidly diffusion and effusion
occur. In 1846, Thomas Graham, a Scottish chemist, studied the rates of diffusion
and effusion of gases. He recognized that the rate of diffusion and
effusion of a gas is related to their molar masses or densities.

This relation is known as Graham's Law of diffusion and effusion, which is
Stated as,

"The rate of diffusion or effusion of two gases is
nversely proportional to the square roots of their densities
ormolar masses at constant temperature and pressure”.

Graham's law is usually used to compare the rates of
fiffusion and effusion of different gases, so the
“Uponionality constant can be eliminated and an equation
anbe formed by writing the ratio of diffusion and effusion
algg:

Thomas Graham
(1 805-1869)

i _ M,
I M,
or
3. |4,
I
2 d,

e

IS tate of diffusion or effusion of gas 1,1, is rate of diffusion or effusion of
4 g densi[y of gas 1, d, isdensity of gas2, M, is Molecular mass of gas | and

(163)
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M, is Molecular mass of gas 2.

Gases with low molar masses diffuse (
with high molar masses. Thus, H, with a molarm
thanammonia, NH,, witha molar mass 0 f17.
The rate of effusion of molecules from 2 container depends on three factors:
i) The cross-sectional area of the hole (the larger the hole, the more likely g

molecules are topass through the hole):
if) The number of molecules per unit volume (the more congested the

are, the more likely they are to come across the hole): and
iii) The average molecular speed (the faster the gas molecules are mo

more likely the gas moleculesare 10 escape).
Demonstration of Graham's Law
Take 100 cm long glass tube open at both ends. Puttwo cotton plugs soakedin

and NH, solutions at each end of the tube simultaneously. The vapours of NE3
HCI escape from their respective ends and producing a white ring of NH,CIvh

they meet several minutes later. The distance travelled by ammonia is 39.51
by HCl gas is40.5 cm. '

and effuse) more rapidly thy, '
ass of 2 will diffuse Mote

NH_““) + HCl‘-ﬁ’——) NHJCI“,

~ Cotton Plug ' Whi ; %
soaked in HCl Solution hite dense fumes of NH,Cl

: Figurc-4..l b: Verification of Grabam's Law ;
The ratio of velocities (rates) of two gases depends on their ¥
traveled by the different gases at the same time. |
The rate of diffusionof NH; _ Distance traveled by NH; _5_2..—5@
The rate/of diffusion‘at HCh Distance traveled by HCI 4050 '.'.

This means that the rate of diffusion . . ol
- S of NH 46 times &
HCI gas, because NH; gasis lighter than HC. ygasis | |

conceptual Check Point:
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.k oknown 248 (hydrocarbon) diffuses two times as fast as SO, gas at constai
n

wﬂ’“"‘“m Calculate the molar mass of unknown gas and SWWMﬂIk W? ,
ightbe’
Solution: :
MommassofSO2 gas = M, = 64gmol
Molar mass ofunknown gas =M. =09
gaeofdiffusion of SO, gas =1 =1
pateofdiffusionofunknowngas =r, =2
According to Graham's law, |
g Ay MSOz
ISOZ Mx
Byptmmg the values, : =
| 7 = T
Bytaking square on both sides, ) h
4 = Stom or _
1 M. '
M= 649:01 = 16gmol ' |
m“mwngnsxsmemane because it has hydrogen andwbonatomsandha;
"ﬂlmmsmoYl :

........
ISIAIIL

n. qulehcﬂon ofGases called liq uefaction of gases. The conversion

!‘?'leonofgascsmto liquids is atiite.

mhq”’d needs high pressure and oW ¢ cach other and at low
les of a gas come close to

Athigh pressure, molecu (;as B eculcs increase.

pstance 1§ capa

(I67)

e attractive forces among
Kq’ in mind, the gaseous SU
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compressing when it has a temperature below its critical temperany,
femperature is the temperature above which a gas cannot be liquefied ey a
much pressure is applied, 1t is denoted by Te. If room temperature j helo% '
temperature, the gas can be liquefied by applying sufficient presmre”'
tCmperature is above critical temperature, then the gas can only be liqu L
cost of added pressure and a lowering of temperature 0 a value bejg, |
temperature. For example, carbon dioxide 1s a gas at room ‘cmpa
(approximately 25°C). This is below its critical temperature of 31.1°C [ftbt ]
is gradually compressed, a pressure will eventually be reached that wy| Callye
CO,to liquefy, Gases such as O, and N,, which have critical temperatures fyf
0°C, can never be liquefied at room temperature, When they are compressed 4
simply become high pressure gases. To make liquid N, or O, the gases gy
made very cold as well as be compressed to high pressures. |

The intermolecular attraction is a finite quantity for any given subus
Below T, this force is sufficiently strong to hold the molecules together (1
some appropriate pressure) in a liquid. Above T, molecular motion becons
energetic that the molecules can always break away from this attraction. (g
temperature depends upon size and shape of gas molecules and the strengh
intermolecular forces. The pressure required to liquefy the gas at is i
temperature is called eritical pressure. It is denoted by P.. The volume occoupé
one mole of a gas at critical temperature and critical pressure is called o
volume. Itis denoted by V..

. =9
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The gases can be liguified by Joule-Thomson effect. According to Joule
Thomson effect “When highly compressed gages are suddenly allowed to expand,

ey produce cooling and the temperature of gas falls 1o such an extent that it

.,wngmmnhquid state.”
‘ .
Theprocess is called Joule-Thomson or Joule-Kelvin effect

The molecules of the compressed gas are very close to each other and have
jable attractive forces. When this gas is allowed to expand suddenly througﬁ
i nozzle of jet, then the molecules move apart from each other. For expansuion,
wome amount ef energy is required to break intermolecular forces. This energy Is
aken from the gas itself, therefore the temperature of gas falls and cooling is

sroduced.

Lind's Method
121895, Lind used the principle of Joule-Thomson effect for the liquefaction of air

{0,and N,). Lind’s Method is used for liquefaction of all gases except H,(T,=33.3
KlandHe (T =5.3 K) which have critical temperature values very close to absolute
#. The apparatus used for this process is: (i) Compressor (i) Cooler (iii)
Bypansion Chamber (iv) Spiral pipe

Cooler

-_— ‘;::,:‘:,] ‘Q=

o
Spiral Pipe ? 3
e
<= Fresh air

st -

Compressor
e Ligid s
Figure 4,12: Lind's method for lique faction of

b F “meﬁqucﬁzction of air, pure dry air is compressed to about 200 atm by a

ar

pressed

=,

alr

g g ¢ heat is produced due to comprcssion. T?}is hegt 1> r:;r}mv?q b\

Ugha .'hfmfgh water cooled pipe or cooler. Con}pressc:(? awr 1‘:. l‘en pd:ssed

% the B .Pi_pe having a jet at the end. When the air comg out suddenly from
“Pansion akes place from 200 atm o latm. Inthis way, the temperature

(163)
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of gas falls and it is cooled. This cooled air goes up and cools the ine
compressed air and then retums 10 the compressor. This process is Tepeaied 5,
and again tll the air is completely liquefied. |

*Keep'in Mind

Liquefied natural gas (LNG) and liquefied petroleum gas (LPG) are o
examples of liquefied gas in daily use. In both cases, the volume of the liquefied sxs
far less than it would be if the gas were 1n 2 vaporized state, thus enabling sa o
economy of transport. Liguefied gases have a lot of applications. They are usg
heating purposes at homes and as a fuel for cars, boats etc. Liquefied hydropen ug
oxygen gases are used as a fuel in rocket engines: and liquefied oxygen andmjj

| is used in welding.

4.11 The Fourth State of Matter: Plasma .
The fourth very high-temperature physical state of matter which has an ionizly
mixture ofions, electrons and neutral atoms, is called plasma state. '
It was first identified in a Crooks tube by British English chemistand physict
William Crooke in 1879 and he called this state a “radiant matter”, Th*
"PLASMA" was first applied to ionized gas by Dr. [rving L angmuir (1881
an American chemistand physicist, in 1929, :

 Plasma is often called the “fourth state of matter”, assuming thatsnm'
and gas are respectively the first, second and third state. But is should be co®
as the first state of matter because it has been known since “Big Bang’ %
than 99% of matter in the universe is in the plasma state.

Formation of Plasma |
Matter on Earth has electrons that revolve in orbit around the ucleus 1f L
There is a force of attraction between electrons and positively charged ™2
the electrons stay in orbit around the nucleus. The sufficient ener2y “’
atoms to overcome these forces of attractions. Plasma comes mnto °"'M"
we add sufficient energy 10 gas until the atoms lose some or all of their '
o result of this, atoms break apart into positive ions and electrons: &g
even into atomic nuclei and free electrons, This state is known a5 plast™
at least partially ionized. The degree of ionization does not have ¥
the size of the plasma formation is big enough. Evena partially jonizee
as littleas 1% of the particles are ionized can have the characteristic® OI@:

response to magnetic fields and high clectrical conductivity) 10 enc’ d‘;"
to change gas into plasma can be of various origins: thermal, ¢ i

(170)
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ultraviolet light ot intense visible light from a laser), Tl gy
pmperﬁes of Plasma [\ ZE AR B
plasmashave their own unique qualities justas solids, liquidsand gasesdo,

jj Plasma state is overall neutral because it has equal number of ereetrons aué

pomuve iONSs. ,
i) Plasmas are good conductors of ¢lectrici ity and are affected by magnetwf' clds.

hecause they are composed of ions (negatively charged electrons and positively '

charged nuclei). |

i) Plasmas neither have definite shape nor definite volume like gases because the
particles can move past one another,

iv) Plasmas are easily compressible because their particles are far apart from each
other.

v) The freeelectrons in a metal are considered as plasma. |
Comparison of Plasma and Gas Phases
The characteristics of plasmas are significantly different from those of ordinary
neutral gases so that plasmas are considered a distinct "fourth state of matter."

ltdiffers from gases in number of ways: e
1) Plasma is different from a gas, because it is made up of groups of positively

‘and negatively charged particles and are strongly influenced by electric and

magnetic fields while neutral gases are not.
i} Gases are excellent insulators due to absence of charged particles while

Masmas are good conductors of electricity due tommceofcharged particles.

Y

j% a

Plasms tions of Plasm be easily produced in a laboratory and in
occur naturally but also can be casily

M‘WY Numerous technologies make use of plasma.
D They light up our offices and homes, make our computers and electronic

ent work.
gﬁl They drive lasers, help clean up the environment, and make tools corrosion-

——— =
Lot

— — - v
: S

AE

1:.) Il 18 found in fluorescent lamps 1o produce light. When electric current 1s
- hmugb a tube containing neon gas at low pressure, the neon atoms absorb

W %!Yand use it to excite electron from the (filled) second shell to a less stable
s - Shel] Iying much farther from the nucleus. The electron doesn't stay in the far

foﬂoug;when it comes back from the higher energy empty shells to the proper
(I7)
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lower energy shell, it releases the extia gnergy a5 visible light of various g
The predominant colour of the light emitted by, peon is orange-red, WN% |
having ofticr colours use a different gas or colored glass. In particular, g
krypton, and xenon are also used in soMe “neon’” lights. Hydrogen gas gl
green colour, helium glows with pink colour ‘

1 ﬂogen_glows with purpk
whereas argon glows witha bluecolour.  ~/ G, HefP . NP AB =
iv) Itcanbeused for cle?ﬁﬁgnﬁ—s—leﬁ lization of food and operation theaters
v)  Plasma can be used to destroy bacterta, VIfuses, fungi and spores.
vi) Our computers and electronic devices work on the basis of plasma, ¥
well aware of plasma TV and cell phones whichare manufactured usingy
vii) Most of the synthetic fibers used in clothing, and advanced p
‘materials are plasma treated. 3
viii) It is used in automobile industry in painting the bumpers and of {
made up of plastic. 3
ix) Plasma is used for the treatment of exhaust gases and also for the (2 et
‘burns, ulcers and other skin diseases.
x) Plasmatorchesarcusedin industry to cut metals. -
Plasma is expected to soon be widely used in surgery, decontan
aterilization of surfaces and devices, and air and water streams, as we
of skin diseases,

- R ———

”
»

treatment
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> (‘haflw s law states that the volume of a sample of gas is directly proportlonal
' (0 isabsalute temperature at constant pressure.

| 3T {atconstant pressure)

’ pmportional to the number of moles at constant temperature and pressure.

| waen (at constant temperature and pressure)

» The general gas equation (PV = nRT) is obtained by combining the laws of
Boyle, Charles, and Avogadro and relates pressure, volume, temperature, and
number of moles without assuming that any of the parameters is constant.

pressure (STP).

» Dalton's law of partial pressures states that the total pressure exerted by a

mixture of non-reacting gases is the sum of the partial pressures of the

components.

Biss= PSP P

~ This law is used to calculate the partial pressure of gases.

 The kinetic molecular theory of gases is a model that accounts for ideal gas
~ behavior. The behavior of most gases is nearly ideal except at very high

_ mrmandlowtemperamres

> Diffusion is the mxxmg of two or more gases whemas effusion is the escape of
e 'Nﬁlwn!es from a container through a small hole into an empty chamber.

\_ e depa ure of a real gas from 1deal gas ‘behavior is called deviation.
j..mon fiom ldaal gas behavior mcrease in magnitude as pressure increases
"das temperature decreases.

'Waal’s equation is a modified equation which is used to calculate the
"eand yolume of real gases.

can be liquefied by applying pressure at critical temperature of below it.

) (SRR

l : < e ‘
r; Avogadro’s law states that the volume of a sample of gas is directly

» The temperature 0°C and latm pressure is known as standard temperature and

!
|

f

o can'tbeliquefied above critical temperature.
g S considered as the fourth state of matter. It consists of ions, clectrons
<ty particles. Abou199%ofthe visible umvcrse 18 made upofplasma. |

(173)
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Four answers are given for each questhion. Select the correct one:

i)  Matter exists inthe number of states:

(a) Two  (b)three  (@four (@) five

ii) The SIunit of pressures:

(a) Atmosphere (b) Pascal

(¢) Newton (d) Torr

iii) Thevalue of gencral gas constant, R in S system s
(a) $31NmK 'mol” (b)8.31atm dm'mol "K'
(c) 0.0821Nm™mol”  (d)0.082]atm dm’mol 'K |
iv) The instrument that is used to measure the atmosphere pressureis:
(a) Thermometer (b) Manometer
(c) Barometer (d) Voltmeter
v) When the Kelvintemperature of a gas is doubled, the volume wilk
(a) Remainsame (b) be doubled g
(c) reducetoone half  (d)increase four times
vi) When the Kelvin temperature of the gas is doubled and the pres
< reduced to one-half, then the volume of the gas will:

(a) Remainsame (b) be doubled

(c) reduceto one-fourth  (d)increase four times.

vii) Whichone of the following gases diffuse more rapidly:
@a N, (BCH,  (c) O, (d) CO,

viii) All the gases can beliquefied by Lind's method except:
(a) H,andNH, (b) H,and N,

(c) HyandHe (@Nyand O, -
ix) What is the rate of effusion of an unknown gas of molar s~
compared to hydrogen gas, H,? <

(a) Same (b) five times

(c) 1/5times (d) 1.5 times

x) The molarvolume of CO, is maximum at:

e (b} 127'Cand 1 atm

(¢) 0°Cand2atm (d)273°C and 2 atm
(174)
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Fillin the blanks with suitable words given in the brackets: : -

j) The variable that stays constant when using the Chatle’s law i‘ﬁ‘

g -(Pressure/ Temperature)

i) When the number of moles of'a gas is _the volume will be

doubled. (doubled/tripled) B

i) Partial pressure of oxygen in the at one atm is 159 torr,

(lungs/air) |

iv) Gases have _

(definite/indefinitc)

y) Mathematical expression for Boyle's law is

(PV=K/VT)

vi) Plasmaisa__ of electricity, (canductor/ non-conductor)

vii) The has no relationship with plasma, (moon/aurora)

viii) The number of molecules of hydrogen and oxygen is
in on¢c dm’ of both gases at same temperature and

pressuresepmtely (same/different)

ix) Charles' law established a relationship between volume and

1 1787. (pressure/temperature)
X) A gas can be liquefied by applying pressure when the temperature is
B - jiscritical temperature. (above/below)

043 Labe! the following statements as True or False.

02

shape and indefinite volume.

——

1) Gases contract on heating and expand on cooling,
ii)  Thecollisions of ideal gas molecules are perfectly elastic.

i) High temperature and low pressure make the gases non-ideal.

) The value of general gas constantat STPis 0.08206 amm dm *mol 'K .

¥) The rate of diffusion varies directly to the square root of its molar
- Magg,

"M) At constant temperature and pressure one mole each of N, and O,

$¢5 have same kinetic energy.
. 'W) L@mgmmdlﬂ'usemmqmcklyﬂmnheawcmne. :
7“") gas is the one which does not obey gas laws strictly at all

Snditions oftemperature and pressure.
| :? Van der W?alp'c::quauon is used to calculate the pressure and volume
el gageg

) Thewale at which boiling point of water is taken is 21 2°F is known as

(I73)
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0Q.14:
Q.15:

Q.16:

Q.17:

Q.18
Q.19

Q.20
Q.21

: Explain absolute temperatin
- What is Avogadro's law of gases? Deseribe an experiment 10 demonsng

. Defineand ¢xplain Graham's law of ditfusion and effusion apd 05

Define pressure and give the common unis for pressure,

What 1s baronteter? How does il measure theatmospheric Pressurg)
Name four elements and fow compuounes thal exist as pages 'm
wemperature. :
What are the
Which assumption is incorrect at ver
Which one is incorrect at low temperatures?

Describe B(;y]c's law of gns,cg.;',’ Give the mathematical exp
graphical representation of this law.
Describe Charles' law of gases? GIv
law.

basic assumptions of the kinetic molecular theory of pee.
y high pressures?

¢ the mathematical expression oy

scale on the basis of Charles Law. |

it

Derive ideal gas equation. Describet
Calculate the numerical value of idea
of'a gas:

(a) When the pressure is in atmosphere and volume isindm’.
(b) When the pressureis in Pascal and volume is in m'.
Define the molar volume, how will you calculate 1t?
What is compressibility factor? The compressibility factor values &=
less thanor more than one for areal gas. lIustify your answer.
Describe the difference between an ideal gas and a real gas. Under
conditions does areal gas behave most like an ideal gas? 41
(a) Why gases show non-ideal behaviour at low temperatité
pressure?
(b) Why helium and hydrogen are idcal whereas ammonis and ¥
dioxide are nos-ideal atroom temperature and one atmosphere] eSS
Define Van der Waal's equation and derive it for real gases. e
What is meant by the partial pressure of a gas? Explmnl)alwu's‘ &
partial pressurs and desc. ibe its important applications.
pefine mole fraction. Does mole fraction have units?

(a) W hat is the differcace between Eﬂilsign.and‘_diﬁ'usioﬂ?
(1) What are the factors on which the rate of effusion depends’

he applications of ideal gas equati
| gas constant R at STP for onem

experiment to demonstrateit.
(176)
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. |
o What 18 eeitical lemperniure? What is iis Imporunee fm!:quafacﬁaﬁha ..E?'
- :

gases” Why u gas can't be liquefied above s critical temperature? -
! Wit is meant by liquefaction of gases? Discuss the Lind's n'{clIIOd of
o liquetaction of gases, What are the examples of liquefied gas in daily use?
a2 Define plasma and describe some of its properties, How can you
= differentiate between plasma and gas?
0.26: Where in the universe are plasmas commonly found? Where can plasmas
~ aefound on Earth? Whay are the applications of plasma?
027 Answer the following questions.
a) Why is mercury a more sujtable substance to use in a barometer than
water?
b) Whatis meant by standard lemperature and pressure (STP)?
¢) Why the Scientists prefer the Kelvin scale to the Celsius, and to the
Fahrenheit, scales?
d) Why hydrogen and OXygen gases move with different velocities at
the same temperature although their kinetic energies are same?
€ Explain why-273.15°C js the lowest possible temperature.
f) Explain why Pressure increases as a gas is compressed into g
smaller volume,

& Why does a helium-filled balloon lose pressure faster than an air-
filled balloon?

" Explain why a helium filled weather rubber balloon expands as it
T8esinthe air. Assume that the temperature does not change.

} Two identical balloons have same volume of gases at STP. Onpe
b'"“"n has nitrogen gas and the other has carbon dioxide gas.
Which balloon has more molecules?

de 1 dodeep-sea divers breathe a mixture ofhelium and oxygen?

k.) %?n:_a_gas is collected by the downward displacement of water, is a
) 2y, thenwhy,ifnot then why ot

W‘P’ﬂn Why the second story of a double-story building is often
" “thana groung grory during hot summer days?

" Whicy 84 will ‘a student smell first, the ammonia, NH,, and

.Mém"‘"lphidc, H,5? When both are released together across a class

)y
wh).'val'e the rates of diffusion and effusion of CO & N, the same?

. (177)
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Q.28:
Q.29:

(2.30:

Q3L

Q.32

Q.33:

Q.34

. The weather balloon is inflated to a volume of 605dm’ at ST T

+ Whatisthev

nger intermolecular forces, argon (T3

(0) Which gas has StO .
oC)yand why”?

°C)or methane (T, = -81.9 .
(p) The temperature of a i
expand into a vacuum

(q) We often experience

altitude, why? = ' |
(r) Would it be easier 10 drink apple juice with a straw on top oy

Everest or at the base? Explain ,
The pressure of helium gas in the neon sign is 7.6cmHg. What
pressure of this gas in the neon sign in psi and mbar’
At what pressure would neon gas occupy 2.85 dm’ if it occupies 14146
atapressure of 2,22 atm? (The lemperature does not change).
A Freon gas (used in the refrigeration systems) has a volume of 2 5in
pressure of 76 mmHg. What is the pressure of this gas when it is expk
until 1ts volume 18 | 2.Sdm".’ Assumge the temperature of gas
change. g
A sample of gas at 10°C and 760mmHg contains a volumc'of",
What is the volume of this gas at43°C and one aunosphel‘epfmm? |
The volume of a bubble is 2.5mL. Ifits temperature increases fom<
70°C. whatis its final volume? _
The volume of argon gas at 120°C is 380mL, The gas is heated 1085
of 560mL. What will be the new temperature ofgas if the pl'essllid x
constant? _
Whatis the effect on the volume of a gas if you simultaneously:
@)  Halveitspressureand double its Kelvintemperature?
¢) Doubleits pressure and double its K clvin temperature’

is heated to 35°C. Whatwould be it volume at 76cmHg?

o

1 A0.75 malesof hydrogen gas contains a volume of 1684 ¢ ;

volume of 1,23 mofes ofthis #asatconstant tempcranne'and'l’ 2

olume oceupied by 2.75 moles N, gasat STP?
{178) 3
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Q.38 The belm Hlled balloons are used to record. tempe K
gelative humidity, and wind veloe (ty i the upper afmﬂsphc@. ,
balloon s Iumchul al a room temperature (25°C) and 7,..
volume is 3.5m" at pround level, What will be its volume at he;
miles where pressure is 40mmbg and temperature is —40°C.

Q.39 Thevolume of faughing gas (N,0) at 480mmHg and 100°C is 800mL. The
gas is cooled to a volume of 300mL at 760mmHge. What is. m new
temperature? &

Q40: The volume of nitrogen gas inan automobile air bag is 25 litre at-20°Can¢§'
[.50atm, Calculate the number of moles of nitrogen gas in the airbag.

QA1 A motor cycle tube contains 10.2 grams of gas and has a volume of
3%10'mL Caleulate the molar mass of the gasat32°C and 506625 Nm .

Q42: What is the molar mass of a gas that has adensity of 5.75 g/L at STP?

Q.43: Whatare the densities of N, and He at STP?

Q44: What is the total pressure in a cylinder filled with air if the pressure of the
oxygenis 250mmHgand the pressure of nitrogen s 51 OmmHg?

045 ACNG eylinder contains a mixture of methane and ethane gases. The total
pressure of the gases 18 6.5 psi. What is the partial pressure of methane gas,
ifthe partial pressure of ethane gas is 2.5 psi?

(46: Calculate the partial pressures of 2.5g Hydrogen. 5g Neon, and 15g

~ KryptonatSTP.
Q?Q?A Calcutate the ratio of effusion rates of hellum and nitrogen gases at same

"48 erature and pressure. it ﬂ = ; -
48: Oy fluses 1.173 as swift as at the rate of an unknown gas
P# &ygen el culate the molar mass of unknown gas and identify

..throu balloon. Cal
R mgg agas is produced during the combustion of hydrocarbons like

methane.
%4@ H: effused 2.82 times faster than an unknown gas. What was the molar

masgofthe unknown gas?

——

-

(I73)
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Kinetic Molecular interpretation of Liguids A?

1
2 Intermolecular forces (Van der Wall's forces)

Physical properties of Liquids

5.4 Energetics of Phase Changes |
5.5 Liquid Crystals i

. B - B .
" The student will be ableto:

Describe simple properties of liquids e.g., diffusion, compression, & t"}f
motion of molecules, spaces between them, intermolecular forces and ket
enerzy based on kinetie molecular theory. (Understanding) i

xplain applications of dipole-dipole forces, hydrogen bonding, and Lones

forces. (Applying) ¥
Explain physical properties of liquids such us evaporation, vaper pressure, DS
point, yiscosity and surface tension. (Understanding) 8
Use the concept of hydrogen bonding to explain the following properties OF o
high surface tension, high specific heat, low vapour pressure. high b
vaporization, and high boiling point. And anomalous behavior of water Wi

Jensity shows maximum at4'C. (Applying) |
Define molar heatof fusionand molar heat of vaporization. (Remembering) ‘:
Describe how heat of fusion and heat of vaporization affect the particl,cs P

up matier. (U nderstanding)
Relate enerey changes with changes inintermolecular forces. (APPlyiHSJ

Define dynamic equilibrium between two physical states. (Remembering
Describe liquid crystals and give theiruses in daily life. (Applying) mg "
Dm’ercmiatc liquid crystals from pure liquids and crystalline solids. (ApplY™

(180)
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mlroduCﬁO" v lediGrrens
Do you kniow, what is liquid? The water you use for drinking‘,;waqlﬁﬁg’z; wimming,
and as 4 solvent, the blood running in the veins and arteries of your body, th

vou use for drinking and making tea, the mereury in thermometer which is used tc iy
measure the temperature, the petrol and diesel used as motor fuels, the oils used in

engines. gear boxes, in the hydraulic brakes and ather hydraulic systems and the
yegetable oil used for cooking are g liquids. Out of 118 elements only two
elements (bromine and mercury) are liquid at room temperature and normal
pressure. There are four more elements which have melting points slightly above
room temperature, these elements are. gallium. rubidium, cesium and francium.
Liguids have definite volume but they do not have definite shape. In this chapter we
focus on the properties of liquids and the forces of attractions that exist between
them.

51 Kinetic Molecular Interpretation of Liquids

Thekey points of kinetic molecular theory are given below:

Il Liquids consistofatoms or molecules,

i The molecules of liquid are so close together that there is very little empty
Space. For that reason, liquids are much denser and are much more difficult to
‘ompress as compared to gases. The spaces between liquid molecules are greater
tansolids and smaller than gases, _

i) Liquids do not show an appreciable increase in volume, when they are heated.
%) The intermolecular forces in liquids are stronger than' gaens but weaker than
“ids. Because of this, liquids have lower melting and boiling points than solids
“dhigher melting and boiling points than gases. | i
' Th lguid molecules have high kinetc cnrgy than b s
E1gY than gases. Their kinetic energy decreases by dec'msmlgj:zseé:::u;sing
e by increasing temperature. They are converted mwbso increasing Kinetic
i thergy (on cooling) and are converted into vapours by

K, (mbeﬂﬁn ’ : b their
o 90 e e st of ot n B 01
. 3 1ip and slide over one another. That are, there d adopts the shape of
e ™ te container. Hence, it has no definite shape and adop

‘:'“‘.. ln 5 - : ' S s
) Liquid:{:ilch-tht.:yareplacff‘-uids with which they are miscible. The diffusion
'! %‘“ moveglm : m:‘o rOlhf:‘ r'r?OICCulcs. The diffusion in liquids "_““‘?' slowty
Ty lhenme;?;(:) fc:?l:lliqu.id slowly past the molecules of other liquid.

(I81)
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To know the properties of liquid, we have to know the Lypes of attractie oy, |

T | AP S ‘,q

5.2 Intermolecular Forces (Van der Waal's Forces)

Present in them. There are two types of attractive forces which are associateq .
liquid; that is, intramolecular forces and the Intermolecular forces. The fores i
altraction exist between atoms within each molecule are called INEramo et
forces whereas the forces of attractions exdst between molecules of a substang
called intermolecular forces. Intramolecular forces are chemical bonds (discg, |
in 2" chapter). Physical properties of a substance such as boiling point, ye,
pressure, surface tension, viscosity, heat of vaporization, heat of fusion, heg ¢
sublimation etc. depend upon intermolecular forces. The stronger 1,
intermolecular forces in a substance, the more difficult it is to separate molecue
The chemical properties, shapes of molecules and bond energics depend upq
intramolecular forces. Intramolecular forces are much stronger than intermoleculy,
forces. |
Consider the example of water; it exists in liquid state at room temperang.
and one atmospheric pressure. Water molecule has two hydrogen atoms and o
oxygen atom which are linked through strong covalent bonds. It is important to nok
that the conversion of liquid into vapours to overcome intermolecular forees nes
little energy as compared to decompose the molecules into their component aions,
to overcome the covalent bonds. Considerthe following conversions:

H,O, > HOg AH= 440.67kImol

H0, — 2 2H,+0,, AH= +934kJmol’

From the above conversions, it is noted that 40.67kJ/mol energy is 10
to vaporize one mole of liquid water and 934kJ/mole energy is required for™
dissociation of one mole of gaseous water molecules into hydrogen and 0V&
atoms. Now it is clear that the intramolecular forces are stronger ™
intermolecular forces because the strong attractive forces need much et

break. '
-/".‘

e—

Keep In Mind )

The iﬂtmolecular forces are brOkcn during the process of evapomﬁon 0‘_.',

molecules whereas the intramolecular forces are broken durine the deco |
kwatc-r molecules. & .

of Intermolecular Forces

Intermolecular forces as a whole are usually known ag Van der Waals for¢®" |
Dutch scientistJohannes Vander Waals (18371923 whe sugrgest the imp™

(182) |
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Jecular forces and studicd the non-ideal behavior of real gases, There are.
s‘ﬁ. ior ngn!'inlmnwlgculm forces; that are, - indooNes
W ﬁ;:qvlcddiwl" mteractions, hydrogen bonding and London forces et
g DiPﬂlv—dim:h' Interactions
,_'_"‘,T.z.:m‘ forves between the positive ends of one molecule with the negative
sahermoleculeare called }-"l“ le-dipole interactions or dipole-dipole forees,
These forees arc present in palar molecules of the same or a different type. A
ol molecule 18 sometimes described as dipole. The diatomic molecules which
weciements of different electronegativities like HC. has an unequal distribution
seecron density and therefore has partial positive charge at one end and partial
suve charge at the other end. In HCI molecule, chlorine is more clectronegative
s hydrogen atom. Due to this chlorine gains partial negative charge whereas
wingen gains partial positive charge. When the molecules come close to cach
fix. the positive end of one HCl molecule attracts the negative end of other HCI
wecule, called dipole-dipole interaction.

Covalent bond Dipole-dipole forces
{strong)

Figure 5.1: Dipole-dipole Forces between HCl Molecules

The repulsions can also occur when negative ends or positive ends of two
:m“ come close to each other. In liquids, the molecules which are attracting
4. Pendmore time near each other than othcr'molecule}s that are repelling
.,:u The overy]] effect is a net attraction strong enough to keep the molecul:s
S fom moving apart to form a gas. Dipole-dipole forces are only abo?n 1-4%
'y 0ng a5 4 covalent or ionic bonds. These forces are very Wﬂ‘k o Bﬂse;
;:g " liquids, The compounds having these forces generally have hig
g ot boiling points, heat of vaporization (AH,;) and heat of sublimation

\;L"*Wmmh of dipole-dipole forces depends upon the distance bet.ut/’feen the
% m“m"nc ivity difference. Greater the electronegativity difference
oy i 1 be its polarity. The greater
b bo"ded atoms in a molecule, greater will be its po

" Substance, the greater will be the strength of dipole-dipole forces
(183)
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3
and higher will be the boiling point of the substance. For example, Pro ‘
acetaldehyde both have same molar masses (44gmol ') but different Streng, 3
diP(ﬂc~dipolc forces. The boiling point of polar acetaldehyde ( 20.85°¢) is b ‘
than that of non-polar propane (-42,15°C). This is because polar molecyje |
stronger intermolecular attractions than non-polar molecules. The electrons i“m

molecules can form instantaneous dipoles, so all polar molecules also Sbﬂwlq.h
forces. '

Intermolecular forces also have an effect on solubility. As you kngy,
dissolves like, the polar molecules dissolve (mix) in polar solvents and 50013
molecules dissolve in non-polar solvents, The polar molecules are not disso!vis;;‘
non-polar solvents. Water, for instance. isa polar liquid and can mix with other poly
liquids such as ethanol, acetic acid etc. and can't mix with non-polar liquids il
gasoline, oil etc. therefore the oily stains on cloth cannot be washed away with wig
and it can be washed away with gasoline a non-polar solvent. j
1
5.2.2 Hydrogen Bonding
The force of attraction between partial positive hydrogen atom of @
molecule and lone pair of highly electronegative atom of another molecule is calld

hydrogen bonding. i
These are not real chemical bonds in formal sense. Hydrogen bonds &
intermolecular forces that occur between molecules. These forces are special I
of very strong dipole-dipole forces and are generally much weaker than chem?
bonds. Hydrogen bond is about five to ten times stronger than other dipolc"m‘
forces. Hydrogen bond is formed between those two same or different mole®
which have the following characteristics; |
i) One molecule has a hydrogen atom covalently bonded to a small, B
electronegative atom such as fluorine, OXygen, nitrogen énd rarely chloring.
if) The other molecule has a small, highly ¢ ectronegative atom such a5 fi
oxygen, nitrogen and rarely chlorine '

For example; the molecules I
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qtom 1S small in sizc and can approach a highly electrone palive ato :
and thus results m an extra strong dipolc.dipole a“mﬁm'
qraction between polar molecules is called hydrogen bonding. T!
hydrogen bonds depends upon the polarity of the bond and the distance!
molecules.

The amount of energy s, z T NP s -
) ' F.. ., Fs ) (- — sasy == .
nc@dcd to break Mthdl‘Ogen ﬁ,/ . "'Ihl S ...}6[/ }: ﬁ ? Jﬁ?
pond is 15-40kImol  whereas i |

the amount of energy needed of o

to break covalent bonds = . A l

between hydrogen and oxygen CH;CH,— Ot <. H— & H— N H— N

stoms is 150 ~1100kJmol . i k i 1
e WIS 1< shawn by Frgure 5.2; Hydrogen Bonding

dotted lines (...) and covalent

bands are shown by solid lines (—). Some examples of hydrogen bonds are given in
figure 5.2. ' .

~ Hydrogen bonding acts as a bridge between two electronegative atoms.
fence, it is also called bridge bonding. Due to Hydrogen bonding, molecules are

ained with each other in a zigzag manner.

\pplications of Hydrogen Bonding

fydrogen bonds play an important role in our life. It helps in explaining the
foperties of some substances.

_ Physical Properties R
bonding affects thermodynamic properties like melting pownt, bqﬂmg
bint and heat of vaporization of compounds. The molecules that form h.ydrogen
ds have much higher heat of vaporization, meiting and boiling points. For
mple, the hydrides of group IVA(14) have low boiling points than group VA(L3),

'W.]ﬁ) and VIIA(17) hydrides. This is due to lack of hydrogen bonds among

ides of less electronegative elements of group IVA. |
' VIA, and VATA Hydrides

Teble S, 1 The Boiling Points of Group IVA. VA,

r
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) Hydrogen Bonding and Structure of Ice

: ater molecules have tetrahedral a
structures. Two lone pairs of electrons on &
OXygen atom occupy two corners of the
tetrahedron and other two comers are
occupied by hydrogen atoms. In the liquid
state, the water molecules experience
hydrogen bonds that continually break and <

reform as the molecules move around and : /Q -
thus, the molecules are associated with &

each other irregularly. When temperature  Figure 5.3 Hydrogen Bonding inWas|
is decreased, the molecules of water arrange themselves in a regular hexg

pattern in such a way that empty spaces are created in the structure of ice s
expands. Hence, ice occupies 10%

more space and its density i

decreases. The result is that, the ice g ‘
cubes and icebergs float on water.
Hence, ice is an insulator of heat
and it prevents the underneath

water from freezing. ' . A
Therefore, fish and other Waier” ) |

aquatic life (animals and plants) molecule

can survive without being frozen Figure 5.4; Structure ofIc€

. -

under this layer of ice in the winter season. Ifice were a typical solid, 1t would
high density than liquid water. Then the lakes and oceans would freeze from™
to top. This would have harmful effects for aquatic life.
The expansion of water upon freezing shows adverse offects m}
winter nights, it causes water pipes to burst and cracks the ra Jiators o1
prevent this we use antifreeze in the radiators of car. In cold weathet ciﬁe&. ;
up streets and produces potholes in it. The ice formation is also 3

splitting of rocks where water leaks through eracks of rocks.

jii) Biological Significance :
Riological molecules such as proteins and Deoxyribonucleic acid (%biﬁ
DNA T

roles 1n biochemistry. .The typical structures of proteins and
required for their functions are due to hydrogen bonding. Proteins are " 4
ain of amino acids. The long chains of amino acids are coiled ™ 8

long ch : _ : o
other into @ spiral, called helix. Helix may either be right handed o sl

(1BE)
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n-gmbaﬂded heh’x‘lhe NH- groups of one spiral me'lfhy.‘ﬁ"_' :
o of other spiral. On the other hand DNA has
it These tWO long molecular chains (strands) of DNA coiled around
s sk held together by hydrogen bonds. Life would be impossible
(IrOERA bmd- 2

M reresting information: )

]
L= ki)

Bt are the major components of skin, hair, and muscle and are essential for the | 2
smacion of muscles, digestion of food, and clotting of bigod, BNA. presentinthe |
a:!lwfwgamsms, Carmes genetic information from one generation to other e 1 =

Extraordinary High Specific Heat Capaci
en bo fWat
xstong hydrogen bonding is responsi pacity of Water

water has an enormous effect o
’ n
and moderates the temperature at the surface of earth. If there were no

L the surface of earth, the temperature would shoot up in the daytime and

3 ﬁ’lls'ﬂ*’-'[ﬂ}'at night because the rocks have much lower specific heat and has
R T‘“Y'Ogmn energy in the daytime from the sun and release that encrgy at
e ;::’ml' that absorbs much heat from the sun during the daytime and

ki rored heat at night and helps to keep up the temperature of the air of
*88uch a5 K arachi and Gwadar.

Table 5.2: Specific Heats of Some Substances

¥

. and icar large mass of water such as in Karachi are usually lower in
Nt :?)b“' in the winter than those areas which are far away from large

as Sibj, 5
(187)
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") Solubility of Hydrogen Bonded Molecules ‘
Compounds which contain hydrogen bonds are soluble in cach other. Fo; txa)
ethanol and acetic acid are soluble in water due 10 presence of hydrogpy ¢
whereas methane and benzene are insoluble in water duc (© absence of'hy '
bonding. dm‘

vi)  CleaningAction '
Cleaning action of detergents and soaps is because of hydrogen bonding,
soaps and detergents for washing our bodies, clothes. dishes and so on, Th g, |
of soaps and detergents is polar and the other is non-polar. The polar cn@&
hydrogen bonds with water and are soluble in water. The non-polar end atyg,
and grease that are present at the surface of dishes and eloths.

vii) Hydrogen Bondingin Food Materials

The food materials (carbohydrates) also form hydrogen bond due to presercay
OH groups in their structures. |
viii) Hydrogen Bonding in Paints and Dyes |
The adhesive properties of paints and dyes are because of hydrogen bondisg]
stickiness of honey and glveerin is also due to hydrogen bonding. |

ix) Surface Tension and Viscosity 1
Water has high surface tension and viscosity as compared to many other hqukﬁ!
to presence of hydrogen bonding. This is because the presence of hydroge&f!
make it more difficult for molecules to escape from the liquid state -addifi'
energy is required to overcome the hydrogen bonds. !

e am

Conceptual Check Point:

e Whichhasthehigher boiling point, H,0 or H,8? Why?
'\‘\ ‘A,‘ .'. ”Jb :'-\.,/ v - - .. = ~ e .:' .
(T L R B e

5.2.3 London Forces
The weakest types of intermolecular forces which occur between all
molecules (polar or non-polar) and produced due to tempofary dipoles 4
London forces. These forces of attraction are also known as Londo? ™
forces or instantaneous dipole-induced dipole forces. 4
In 1930, Fritz London a German physicist, recoenized these wedh
attraction between non-polar molecules and for this reaséo'n these forces O
are known as London forces. He found that the non-polar gases a8

(I28)

o

.
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Nt aght conditions oF pressure and temperature, (
okt ! the non-polar molecnles must show ;
,mfpj::ulm forces that are dilferent from other
' :hw}sr forces because they originate from motion of

¢ i an atom or molecule and produce an

ws dipole. These forees are present in halogens,

aises, and non-polar molecules such as H.. N,, CH,,
51 30, SiH, and CCl; and so on. In the absence of
| pdon forces, such substances could not condense to form
Ldgmsoﬁdify to form solids. Condensation of some Fritz London
ssncesoceurs only atvery low temperatiires and/or high (1900-1954)

Letus consider the example of neon to understand how non-polar atoms and
woules attract each other. The distribution of electron density in a non-polar
md molecules like nzon atom is uniform and symmetrical. When atoms of
wme close to each other, then the electrons of one atom repel the electrons of
= uom. In this way, symmetry or equality of electronic cloud is disturbed.
sare, electronic cloud bends towards one side and nucleus ( positive portion)
other side. This is called instantaneous dipole. This instantancous dipole
the electronic cloud of the other nearby atom. So a dipole is induced

nsecond atom. This is called induced dipole. As a result of this, weak
St foroes are generated, called London forces or London dispersion forges.
M oceurs with other nearby atoms and. thus, throughout the sample.
e disappear when the electrons again become symmetrical around

Theto 2o more elvtrons on e s
of pewn atams than oo the other ude

Induced Inunmm
A3 dipeide dipole ol
" Figure 5 5 London Forees between Neon

& %fdlﬂondon Forces

" %W;'pon the following factors:

\ iy
| b ol

(188)

Scanned with CamScanner



) Atomic or Molecular Sizes

The strength of London forces depend upon
the size of atoms and molecules. The larger
atoms and molecules, with greater number of
electrons and heavy mass, polarize more
easily as compared to small atoms and
molecules. We may say that the strength of
London forces is directly proportional to the
polarizability of the atom or molecule. For

Polarizability is

Y 18 the gyxpe S
t}!c clectronic cloud of o5
distorted or polarized = Sy
The polarizability ineresc.
number of electrons in o &
molecule increase N gy
polarizability, the mope
electron cloud can he 4
(polarized). Hence, mope pot ot

(e

example, in VIIA group (Halogens), the
fluorine and chlorine are gases, bromine is
liquid, and iodine is solid at room
temperature and one atmosphere pressurc.
The big difference in the physical states of
halogens indicates that the polarizability of
the halogens increases down the group
~ because of which the strength of attractive
forces (London forces) increases down the
group. The boiling points of both polar and |
non-polar molecules increase when the sizes
and molar masses of molecules increase. For
example, the boiling points of halogens and
noble gases increase from top to bottom in a
group of periodic table due to increase in
atomic size and molar masses.

When the molar masses and
molecular sizes of alkanes (saturated
hydrocarbons) increase, then the
polarizability increases which results in the
increase of strength of London forces. For
example, the first four alkanes (from
methane to butane) are gases due to smaller
molecular size, the next sixteen alkanes
(from pentane, C.H, to eicosane, C, H, ) are
liquids due to relatively higher molar masses
and molecular sizes and the higher alkanes
(from hencicosane, C,H,, on ward) are

solids because of greater molar masses and
molecular sizes.

(190)

atoms and molecules hgye ¢
Q_ondon forces. oy

lable 5.3: The Bo#ling Pointsof
and Nobie Gases

b

<
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of Molecules

o the polarizability of 4 molecu

;n': molecules have strong forges of
e MO ) :

,I,ﬂh-‘“"‘c molecular formula, ¢ H

5y AP " Pt QO
£387C, iso-pentane boils at 28°C

L esluos oS
le, stronger would be the Lon
attractions, For example, three ¢
12+ boil at different temperatures, n-pe;
and neo-pentane boilsat9.5°C.

'r !
H—C—H H—C—H
AL S H o I i l s
i | , | I | |
H*C’f_f_?_ﬁ_ll - H—=C— (I.'—C~c~n H—C— '—?—H
| | ' |
HHHHH H H H H H l H
spentine (Boiling point = 36 () [sopentane (Boiling point = 28°C) H— (i'f —H
> g H
Figure 5.6: Different structures of Pentane and

Neopentane
their Boiling Points (Boiling point = 9.5°C)

sy, and thus the same molar mass,
Wethey differ in the arrangement of the atoms. Boiling points mcrease as the forces

Wstraction between molecules increase.
- The valence electrons in the

carbon-carbon bonds of n-pentane and iso-
Fatne are closer to the surface of th

e molecules while in neo-pentane the valence
S&irons in the carbon-carbon bonds are well inside the molecule. Hence London
hﬁinmpenlane and iso-pentane are stronger than those in neo-pentane.
4re present among both the polar and non-polar molecules because
B 0 in constant motion in all molecules whereas dipole-dipole forces are
2ly among polar molecules, 3
+,. hysical Properties of Liquids
: esof

Mgy, - OMliquids depend on the nature and strength of intermolecular forces,

h;,,‘-.wa;;wenconsider five such properties which are associated with liquids in

i" ~4Poration, vVapour pressure, boiling point, viscosity and surface tension.
M

}m“p Oration . .

e U Convergion of liquid molecules into vapours in an open container

A ::g’gﬂture is called evaporation. In this process, molecules escape from

o Urface. s spontaneously.
| C"“!lder 4nd change into vapours spon

Tihe Example of a liquid which is present in the beaker. At a given
al

the liquid molecules do not have same kinetic energies in the

k (191)
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beaker. Molecules having low kinetie energy move -:"“"1‘_3" '“'h"e the mcle%
having high kinetic energy move faster. It one of the hig :]c‘r SPeed moja.t
approaches the surface, then it may escape fmd oY “T;O%“f ¢ altractigng q‘
neighboring molecules and leaves the bulk of thc.'hqm - 1IIS Spontaneqyg o
; - y : ¢ y 1,

of liquid molecules into vapours is called v apora:'w!‘ ¢
When we open a botile of perfume, We Lf:t f : K-. - .
. i a0 ‘S L 5 ‘ "'1
the smell of the perfume when their gaseous mlm:l :l el j
entered and reached our nose. Here our experience e } Vaporization is the gt
us that the molecules escape from the liquid surface o | wihich liquid or sl
‘ : bt g gASCOUS |changes 1o a pig y
=5 ks yaseous state. These gase O3B wigl
molecules travelling in the upward dire e by which moleciles ol
enter and reach our nose. we become awarc o ESIEET | from the surface of 4 o

boiling hiquid and enter
of the perfume. : - ' it
Evaporation is an endothermic process because | gas phase. Evaperatio
apo S > type of vaporization,
the intermolecular |ty po
energy i5 required to overcome (e 1 :
forces of attraction holding the molecules together.

Interesting Information:

w that your body regulates its temperature (tj?;rouf: ucr,v o

) ing hot summer days y ¥i

: ther or when you exercise. During s

thz'iﬂt;:”x'at‘c.:“tlll:::::rface of your skin by means of sweat glands. As.lhe wz:;i on ¥
wf yur body evaporates, it removes high energy molecules from y st ot

:nzr;y molecules are left behind. In this way the temperature of your bocy 50

: zourbody becomes cool down

=5
CHTTAR

It is interesting to kno

Factors Affecting Evaporaﬁo?n : 4

rature i b
g::;ggtion occurs at all temperatures. Rgte of evaporanoninm;‘i::aw |
- erease in temperaturc and decreases with the dccrgase e
L asing temperature, the kinetic energy of molecules increases ™ o
mcrgsc of rate of evaporation. If you warm the glass of water. it c\iap:n e
gz:luse the greater the temperature, the greater is the kinefic energy

isthe evaporation.

Concep
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Area
Slrfxce Ao 18 the surface: phenomenon. It occ

it erthe - curface arca, greater will be the evaporauon and yice vers d : ofthe
W < dred pmwdec a greater chance for molecules to come to the su ac

@daﬂd changesinto the gas phaae
i

: mermolecular F orces

Tifieeent liquids have different rates of evaporauon at the same temperature. Thisis
. do the different nature and strength of intermolecular forces, Stronger the
:r'mmuolecular forces, lower will be the rate of evaporation and vice versa. For
aample, Gasoline evaporates more qmckly than water. Because the _mtefmplecular
‘irces between the gasoline molecules are weaker than the intermolecular forces
Hveenvater molecules,

Conceptual Check Point:

M

{3»3 Vapour Pressure
Pfessure exerted by liguid vapours in

% m with its pure liquid af a given
treis called vapour pressure.

%d Consider we have a liquid in an evacuated

400 which begins together above the surface

B These molecules move freely colliding with

I With the walls of container and also with

“oniainer. Jrs vapours are formed because of

TbetermvapOurxsusuaUy
med for the 8as. phase of a
substanee that 1§ found as
hqmd of solid at normal
empersture andpressure, |
s, The processes of
‘vaponmuonand condensation

are examples  of phase

ﬁfs;;;"?‘qﬂld Condensation (the conversionof  \440£¢s )
Ewby 9 'uid) oceurs because a molecule striking the liquid surface becomes
Vg i Ol;‘:lwiecular forces in the liquid. In the beginning, the traffic is only
5._._:; . i oS are moving from the liquid to the empty space and rate of
Vapou,stcf than rate of condensation. By the passage of time, the
ey !aa above the liquid increases as the number of vapours molecule
<1 Some times, the rate of evaporation and condensation becornes
Wi f; figure 5. 7(c). At this stage, number of molecules leavmg liquid

153
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surface is equal to number of molecules going back to liquid, T St i 3
equilibrium state, Thus, at this stage, there 1S no net change in the iy n{
EUR

phases. iy

vt
- >

lanid === Va
L“‘md “Condonsation POLIY

a substance n equilibriumwiu\iu <

The pressure of the vapours of | |
is called its equilibrium vapour pressure (or just thf: wfp?w pressure), Tt
to note that the value of the vapour pressure of liquid is MAXIMUM 2 aqyss
state at a given temperature and that it is constant at constant ten ik

equilibrium the volume of the liguid does not change.
a

7 AL

¢ Molecules leaving liquid surface
@ Molecules going back w0 liguid
®  Molecules in the vapour siaste

Figure: 5.7: A liquid 1s allowed to evaporate in a closed vessel.
(a) mitially only evaporation aceurs, PR
(b) condensation begins but the rate of evaporation 1§ greater than rale of cond 1&
(c) dynamic equilibrium 1s established, now the rate of evaporation 15 equal 101928 |
condensation ‘

N
&£

Equilibrium in which evaporation and condensation are 978%™
dynamic equilibrium. |

Factors Affecting Vapour Pressure T
The vapour pressure of a liquid depends on the magnitude of (he‘f
forces present in them and on the temperature, Vapduf pressure
upon amount of liquid. It also does not depend on the surface ar* %
an increase in surface area at equilibrium equally affects the rate of &%

the rate of condensation.

(194)
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l’m.molaular Forces Y.
Vapour Pr‘esmr? Is inversely r_claled 0 intermolecular att‘l'h ,7 24K
_.molecular forces, greater will be (he VapOUr pressure. For'éxﬁﬁpfe : vapour
SSure of water (18 mmHg) is lower than chlorofofm (170mm11g)-.,'11ié'16#&:-.
of strong hydrogen bonds which are
48 weak London forces, In general, the liquids

(apot pressure of water is due 1o the presence
sentin chloroform. Chloroform h
<ith lange molecular sizes or grea
aressure due to strong dispersion for
jiquid alkanes (saturated hydrocarbons) decrease
size. The larger the molecular size of 3 liquid 1s,
greater the dispersion forces are.

the more polarizable it is, and the

The liquids which evaporate easily and have high vapour pressures are said to be
yolatile, while those that do not va

' ot vaporize easily and have low Vapour pressures are said
Wbe nonvolatile: Valatile liquids such as nail polish remover evaporate readily while
mn-volatile liquids such as motor oil evaporate slowly if not heated. J

lemperature !
Vipour pressure increases with increase in temperature. For example, the vapour
tessure of water at 25°C is 24 mmHg and at 100°C its value is 760 mmHg. This is

*ase with the rise in temperature the average kinetic energy of the liquid
Weeules increases which is high enough for molecule to escape from the liquid

Thace. It results in the increase of the number of vapours, thus the vapour pressure
m’“quidincreuses_

l.eu'"'ementof Vapour Pressure

i Mercury barometer can be used to measure the vapour pressure of a liquid.

P Ofliquid whose vapour pressure is to be determined is place under the

i tube filled with Hg, with the help of a bent tube or dropper. The liquid

Yillrise ghoye mercury column, because most of the liquids are less dense than
%y ind on reaching above the surface of mercury, a part of liquid will
th - The vapours will now push the Hg column downwards. As a result of
*nhs_’fﬂg;h of Hg column decreases. This change in length of mercury level

Mial position to its final position is equal to the vapour pressure of liquid.

(195)
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Figure 5.8: Measurement of Vapour Pressures of Water and Diethyl Ether.

The vapour pressure of water and diethyl ether at 25°C and 760 mmH

mm Hg and 545 mm Hg respectively.
Vapour pressure of liquids can be measured at various temperatures.

Table 5.4: Vapour Pressure of Water at Vanous Temperatures _

3.3 Boiling Pomt st
The temperature at which vapour pressure of a liquid becomes equal © ¥
pressure or external pressure is called boiling point of liquid. sed- As n ; '3‘

When liquid is heated, its average kinetic energy is In¢r¢? o1

this, more molecules escape from liguid surface, hence vapour prossur® e oot
goes on increasing till it becomes equal to atmospheric Pre® apo“’s
pressure. Then the liquid starts boiling. Small bubbles of ¥ fof®
spontaneously below the surface of liquid and they start rising:
consist of vapourized molecules of the liquid, not of air. Ttmpem
called boiling point.

at “"’
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[able 5.0 Botling Poimnis ol ‘~'~_'-n‘«- Common Liguids at Omne .~\|nn_~.-»nhcr Prsﬂ”f ‘
Accicocid | 118 Be n] Ln ltmchloride_

Agooe | 560 Ethyl alcohol 283l
' Ammonia 833 I’anl.c;;“glﬁyco!——%i : 197 J
me = 805 | Mercury 356.6 J
‘wBuylaloohol 17 Phenol 181.8
Carbon disulphide 3  aer 100.0

Temperature of a liquid remains constant during boiling, why? When a

qud is heated, the average kinetic energy of its molecules increased, so the
smperature of the liquid also increased. At boiling, the kinetic energy of molecules

¢the maximum. Now the heat supplied is only used to break the intermolecular
ees and convert the liquid into vapours, Any more heat supplied will not increase
& emperature of liquid. In this way, the temperature of the liquid molecules
mains eonstant,

actors Affecting the Boiling Point

Mhoiling points of the liquid are affected by the factors given below:

termolecular Forces

boiling point of a pure liquid is directly related to the strength of intermolecular
S The stronger the intermolecular forces, the higher are the
%le,mims of the liquids and vice versa. For

g the boiling point of water (100°C) is e i
a"m‘*nn ethyl alcohol (78.26°C). This is due to | F3¢h liquid has its own

_ icular boiling point. T
Mgy ‘Mermolecular forces among water l;'::‘:l:; po\'::ts :%ﬁoq:::ls'l:
‘Siscompawd to ethyl alcohol. not depend upon amogmt'of
l""'lm'(Atumspluarlc) Pressure poe -
ints

depend upon external pressure. It increases with increase in external

iy ases with decrease in external pressure. For example, the boiling
"UE 4t one amosphere (760mmHg) is 100°C. At high altitude,
gy SSUTe g [ess than 760mmHg; hence water boils at temperature
o€ 80 the boiling point of water at Murree hills where atmospheric

@ l30921&11’:1 (700mmHg) is about 98°C and at the top of Mount Evyerest
‘%’Phe!ic pressure is 0.3 16atm (240mmHg) is about 71°C. On the other

(187)
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hand the boiling pomt Increases when the cxlpmul PTessure increages p ¥
the boiling point of water at | 414atm (1074 6mmHg)is 110°C, Gl

Keep In Mind
The boiling pownt depends on the pressure of the atmosphere because e b

vapour cannot even form until the temperature ofthe liquid raises (0 4 poing o “""W: 1
| vapour pressure of the liquid becomes equal the atmospheric pressure, ‘

|
ol

Applications :
The change of boiling point of a liquid with external pressure has very imgy
applications in chemistry as well as inour daily life. -

Boiling Point and External Pressure (Pressure Cooker)
Boiling point of a liquid increases with increase in external pressure. This propey

isused in pressure cooker ¢.g. Whena liquid is heated in aclosed vesselie.

cooker, more and more vapours are gathered over the liquid surface. Thcscm
cannot go out from cooker, hence pressure is developed. It increases with increse
in temperature. Due to high external pressure, boiling point of a liquid i.e. wakr
increased. A commercial pressure cooker reaches an internal temperaiwe
140°C.An increase in temperature of only 10°C will cause food to cokd
approximately half the normal time. Therefore food cooks more quickly in &
It saves time and greater energy costs. In the hospitals, the same principleis s
the sterilization of instruments and laundries in autoclaves where
high enough to destroy bacteria. Autoclave produces steam at 2atm because 015
pressure, temperature of steam is increased and it destroys bacteria 8 such?
temperature and pressure efficiently. -

' Conceptual Check Point:

......

;mmwrmum) ot
istillation at low pressure is called vacuum distillation. Boiling poif®.p
decreases with decrease in extemal pressure, This process is used 10 P21 4
liquids which decompose at their boiling points. In order 10 bOi"(M'
lmfver temperature, distillation is carried out undér reduced Pﬁsw'eg“ ’
ponls and decomposes at 290°C gt 760torr (1atm) but on lowering P‘"&“"c -
itcan be boiled at 120°C without decomposition.

(138)
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4 Vi«:osity
quds such as honey and glycerin flow very slowly while other
ineand water flow speedily. The internal resistance to flow ofa liquid is s Gelled)
 yseostLy. it is denoted by eta (). The greater the viscosity of the liquid, |
slowly it flows. Consider the example of oil C UK

is flowing through a pipeline in the form of

Each layer experiences resistance to the |The liquids which M

layers.
dow of other laycr due to internal friction. The slowly are called viscous

friction is ed beca liquids. They show. greater
ntemnal produc use of cohesive bteesial mist:z::"m fow

force (forees of attraction among liquid molecule)
fatreduces the rate of flow of oil. @ of strong b#hmvy

S O ——
fm:shom the internal resistance to flow of a liquid. The velocity of flow of'a liquid
mio the sides of tube is less than the velocity of flow in the center of tube

é’ The rate of flow of the oil close to the margins of pipeline is not as much as |

terate of flow in the middle a‘fthe pipeline-
__ Table 5.6: V‘ ----

N
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Conceptual Check Point: T & gl
Which liquid takes much time, the olive oil orwater, when they are pouring i

Factors Affecting Viscosity
The viscosity of a liquid is relate
molecular size and molecular shape.
Intermolecular Forces

The stronger the intermolecular forces,
liguid molecules cannot move around
increases. In general, the liquids with s

d to its intermolecular forces, temhﬁ
‘

the greater the viscosity of liquids e |
cach other freely so the resistance ‘Oﬁ;}
mall non-polar molecules such as beng

with polar molecules such as ethyl alcohol have higher viscosities due (ostrg
intermolecular forces. On the other hand, the liquids which have ability-to'_'
hydrogen bonds have higher viscosities than those which are unable 1o fu
hydrogen bonds. For example, the viscosity of water is higher than methyl aled
because of strong hydrogen bonding in water. It is interesting to know that, &
glycerine has higher viscosity than that of all other liquids. It is more viscous : |

water because its molecule has more sites for making hydrogen bonds as compis
to water. Each water molecule has only one—OH group and glycerine has three

groups for making hydrogen bonds.

' .
{— Conceptual Check Point:

g A R RS e
.,.T\la)ﬂ'r‘ys,:4"'-1‘J>4'l--J.Ag_“r vl,\,/ . "
L "1-"‘-.":.:—2'"" - ey s s A - g )

Temperature g |
Viscosity generally decreases with increasing temperature and

decreasing temperature. Because at high temperature molecules haveé high*
energy and can overcome some of the intermolecular attractive forces ©° o
one another between the Iayers..For example, the viscosity of honey and coo™®
decreases as their temperature rises,

MoleculatSbe  id ™
The viscosity o a liquid Increases by increasing molecular sizes Of mo™., o
and deereases by decreasing molecular sizes op fnolar masses. For exaf“p-“
.. more ViScous than petrol, because (he larger size molecules (dicscl i

is :
it molar masses are :
with highe? difficult to slip past one another.

(200)
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. v,'.f ¢ ' ‘TA e 5a - .‘ "~ TGSy ,.‘_ . “'_ . BT, ‘ - .
e eason which substance is more viscous, gasoline or kerosene oil? -ﬁ

Lo S 0
Volecular Shape ¥
;fgosit)’ also depends on the shape of molecules, The viscosity of irregular sh

)

wolectles such as glycerine is greater than regular shaped molecules such as ether,

1he molecules of viscous liquid become entangled rather. than to slip past one
aotheras the molecules of less viscous liguids do. B
Messurement of Viscosity :

msdiﬂ.’ncull to measure the absolute value of vi scosity; therefore relative wscosity
ofhiquids 1s measured. The relative viscosity is the ratio of viscosity ofa hqmdtothé
moosity of water taken as standard. The Ostwald viscometer is used to
esure the viscosity of liquid. It has “ho
W bulbs, one at each limb. Definite
moant of liquid is taken in bulb B and
isucked from bulb B to mark X, The
yud is, then, allowed to flow from
2k XtoY. The time of flow of liquid
\moted. The viscometer is now
W and the same process is
0 with the same amount of
" 8 same temperature. The
"t of both the water and given
z“‘:‘m:sumdbyspeciﬁc gravity
%o ¢ Same  temperature.
%“'msﬂy of the liquid is
b O the equation given

N1y

Liddi

n d Figure 5.9: Ostwald's Viscometer
qg‘ 2 “LtL
d, = or
Rl
&, M

M‘ "Is the viscosity of liquid, 1, is the viscosity of water, d, is the

()
.
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density of Tiquid, d is the density of water, 4 is the time of Row of figuea .

the time of flow of water. | | Huitd |
[he unit of viscosity i§ po1se (1 poise = 100 centipoise), Thes] 1

ton-second per meter SqUare, Nsm * (one Nem i s

ls l.,.

yviscosity is New
kilogram per meter per second, Kgm
-1.-1

| poise=10"Kgm s .

5.3.5 Surface Tension
A property common to all liquid is surface tension; it is defined as the s
cnergy required to increase the surface of a liquid by a unit area. It is deagug
Greek letter ¥ (gamma). The unit of surface tension is erg per centinmf"
(crg/cmz) or dynes per centimeter (dynes/cm). Its STunit is Newton permeterigs
(N/m’) or joule per meter square (J/im’). _
The surface tension is due (o variation of attractive forces at the surfucedd
liquid. The molecules present inside the body of the liquid are compls
surrounded by other molecules and are drawn equally in all directions wak!
molecules at the liquid surface are drawn downward and from the sides b
molecules but they are not drawn
upward. This inward pull causes
the surface to contract. To increase
the liquid surface, the molecules ’
require energy to come from the | Ethyl
interior to the surface of the liquid | pae

Table 5.7: Surface Tension of Some L o
Substances at WEC '

attractive forces directed s
downward. This amount of energy

which is required to expand the
surface of a liquid by a unit area is
called surface tension. el ;
mbbcr.litfe to surfacc.tepsnoq the water surface behave like 8 m;n ¥

razor blade if kept carefully on the surface of the WA

floatalthough it is made of steel. |

Factors Affecting the Surface Tension

The magnitude of the surface tension ds upo? e ™
factors: A ension of the liquid depen :

(202)
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momnlar Forces i |
& w,m\\mk mtcmmlcunlm forces. \\aler for instance, has highersurface

B n!hﬂﬂ mzmv othcr hqunds such as uh»l ak ohol, :
o water nmlecutes Raih drom or the

axy surface of an apple o Because of high surface
th “a‘v Pp D lLEl\'Cb are tension, some animals such as

Wsphcnca' in shape. In a spherical drop, nearly all spider can stand, walk or run
o attraction At the surface is ivward, thus the sphere [on water without breaking the

hbthf less surface area per unit volume than any other surface.

, Substances such as soaps and detergents which are used for \\&shlﬂ" are
mown s surfactants, They can be added to water to reduce the surface tension of
mer by the breakage of hydrogen bonds. This increases the interaction of water
ahgrease and dirt and it becomes easicr to remove grease and dust particles from
efabrics.
mperature
ke surface tension of the liquid decreases as the temperature is raised. By raising
etmperature the kinetic energy of hiquid molecules increases and hence, the
mgth of intermolecular forces decreases which results in the decrease of surface

Iim

P‘lmmn of Surface Tension
e fension of liquid can be measured by

¢ter method. It is also called drop
h s“‘agmometcr consists of glass bulb
’“’ﬂwimd and C as shown in the

Surface Tension
| Water .guuong the

e is fﬂ]ed in the dry clean J circumference
M' %I up to mark X and then it 18
i n""’ down slowly from mark A'to

Ry, Wit f drops. The number of drops

M: Water is counted. The Figure §.10: Stalagmonctes

%, 'S DOW cleaned and the same

hu::"“ed with the same volume of the given liquid at same temperature,
g OFboth the water and given liquid are measured by specific gravity

Ng‘,m temperature. Surface tension of the liquid 1s calculated by the

beloyy,

i (203)
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N . 4 or
T nydy
“wlll A
Yy 2= ey
! n,d,,

Where, ¥, isthe surface tension of the liquid, v, isthe SUTface tence
water, 1, is the number of drops formed with liquid, n, is the p, N
formed with water, d, is the density ofliquid, and d, is the density dfwﬂt&:'

N
.-
&

5.4 Energetics of Phase Changes
The process in which a substance is transformed from one physical st 5
physical state is called phase change (state change). Phase change isang o
physical change. Six possible phase changes takes place amongthesm

Table 5.8:Possible Changes of States —al

e NI =R TR ’ : |

....

one atmosphere pressure is called enthalpy ch

represents change, The s; ange. It isdeno

£n Of AH | is positive, if energy lsabsoxbeé ¥ |
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”wbmlmkpoml But we also experience, the change of solid mtogasd:rectlym‘ﬁh S ;"!
uomc:swﬂ of ice mto vapours below 0'C, Therefore, we are going to discuss
d,,,wvchﬂﬂb" of fusion, vapaorization and sublimation.

Volar Heal of Fusion
rhe amount of heat required 10 convert one mole of solid into liquid state at its

qelting point IS called molar heat of fusion (or molar enthalpy of fusion). It is

denoted by AH,.. The molarheat of fusion for ice is 6.02 Kl/mol.

H,0, — H.0,, AH,, =6.02k)/mol

loe Water

» Table 5.9: Molar Heat of l'usxou nnd Mcltmg Pomt of %mc Substd.m.es

szmg is the reverse of fusion (melting). The amount of heat released in

ez a substance s equal to the amount of energy required to melt that substance ‘
W butthe SIgn is negative.
\]3%0"' — 2 H:.04 AH,, =-6.02kJ/mol
lce
hr
HeatorVaporization

h of heat required to convert one mole of a liquid into vapours at its
p“"“ s called molar heat of vaporization (or molar enthalpy of
5&1{,&0 l‘) It is denoted by AH,,,. Molar heat of vaporization of water is

; w‘q"! — Hzc)m AH == 40.67kJ/mol

(203)
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S LS sAolar Hea l‘
5

[ab o
& T 0 i

.;T &4 —"- ‘,!’:;- g?ﬁ’?‘bj . .‘_ 3

tob Vaporization and Boilin

Elz’oinrgf,somr

" Carbon tetrachloride CCl,, o
Diethylether | CHCH,OCHCH; |

g 1 Moy 18

Condensation is the reverse of vaporization. The amount of ey i,
condensing a substance is equal to the amount of heat required (o vz,
substance (liquid), but the sign i1s negative. .

Hzow’ 4 H:O(n ' AH
Steam Water

Molar Heat of Sublimation
The amount of heat required to convert one mole of a solid into va
called molar heat of sublimation (or molarenthalpyofsubhmﬂaﬂ)
AH,, Molar heat of sublimation for iodine is 62 2kJ/mol.

by —— ] AH. = 622%0mol
Solid lodine Iodine Vagours H fmol.
o Mhereverse of sublimation is called deposition, The amountofie#®
ubagen ¢ -oF@ substance is equal to the amount of heat required
ce(solid) butthesignisnegative. =~

5 e

odine e T b 1 = ~62.2K)m
odin;“h Vapoury Solid mm AH, =
¢ molar heat of ¢ hi: Roe S = ARG it wﬁ
and vaporizagion. . *UPiMmation is equal o the sumofthe M

AHM' = AH|'MI+ AHVIp

Dry ice (solid o | ol
The process o‘f;,b',’fm“'ﬁ:‘"} dioxide) and iodine sublime ﬂ“‘,ﬁz
Used in frost-free —p. > USed for the purification of iodine "= 1
————— e b et
I e g e (0 TeMoVe frost from (e 11 Lol
€ cold surface 18 the examp) ﬁ':.ez'el"atm@w intervals. The
cofde |

TCfnger

‘
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<41 Energ) Change and Intermolecular Forces S :
:l'bf substance that generally have swonger intermolecular aurwiveﬁ}m;f&i‘:]y

gter amount ol (jncrg_\, to chunge theijr physical states from solid fo liq R il
figuid t VAPOUTS. For example. the liquids having hydrogen bonds among their
molecules such as water. ethvlene glycol. and ethyl alcohol have high values of

hits of \-'apo»rizaﬁi’"- These liquids have Stronger inlermolecular attractive forces, ;
pence need high whount ofenergy 1o separate their molecules fromi each other. ;
Heats of vaporization are generally much higher than heats of fusion. For |

fusion {to move around the particles freely) of a substance less amount of energy is
provided because the small change oceurs in the intermolecular distances during the
melting process. On the other hand, large amount of heat is required for liquids to
rreak the intermolecular attractive forces completely to separate their molecules
fomeach other during vaporization.

54.3 Change of State and Dynamic Equilibrium
The process of conversion of liquid to vapours is called eévaporation while the
reverse process (conversion of vapours to liquid) is called condensation. The
Siation in which a forward process (evaporation) and a reverse process
lemdensation) are occurring simultancously and at the same rate is called dynamic
equitibrium, Dynamic equilibrium 1s established between liquid and vapours in a
“sed container. For g dynamic equilibrium to oceur, the rates of two opposing
1““”83 must be equal so that no net change oceurs in the volume or amount of
“mponents (liquid or vapours) of the system because the two opposite processes /
Unterbalance each other. The term dynamic equilibrium is not limited to ]
%tifm and condensation processes. You will encounter it, in many of the 4
z”‘m&‘ chemistry. It indicates the equality in rate between two opposing process

Y type (ie. for all the reversible chemical reactions and all the physical
‘-”;g::)' For example ice exists in dynamic equilibrium with water when the

e is kept constant at 0°C,

e = Water

1§
i Liquid Crystals

St

i, "1¢f Deseription
,'.'h;mcm’cdiule state between solids and liquids in which sgbssanc.es have
Wﬁ;&l“ particles like solids but freedom of motion like liquids is called
: S. ¥ { :

Solid s===== [ jquid Crystals = Liquid
ystalline solid have specific melting points. The temperature of solids

R 201
.
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are

Ten}ains constant at melting point until all the solid melts, However, there
solids which change into turbid liquid before changing into clear liquig Sty
turbid liquids have the properties of solids s ich as optical activity and ‘ha?oi: Th!
such as fuidity, viscosity, and surface tension and are called liquid .l.u“
crystalline solid may be isotropic or anisotropic while liquid crystalg :2’%"
1ISOtropic, vy
Liquid crystals were first discovered by an Austrian Botanist and g
Frederick Reinitzer (1857 - 1927) in 1888, He was studying an organic e
cholesteryl benzoate, He found that this compound has an interesting and y.
property. This solid compound
melts at 145.5°C and is transformed
mto viscous milky liquid and
becomes a clear liquid at 178.5°C.
By cooling, the reverse process

occurs, the clear liquid first changes

to viscous milky liquid at 178.5°C N ' y- %
and then solidifies at 145.5°C. He Liquid State Liquid CrysalineSat
concluded that he had discovered a  Figure 5.11: The liquid and liquid arystallisep
new state of matter that has a place of cholesteryl benzoate

between the crystalline solid and liquid states: the liquid crystalline state.

5.5.2 Applications (uses) of Liguid Crystals K
This special kind of material has many applications in our daily life. Ligud =
are not only used for your wrist watch and packet calculator, these mawﬂﬂls Pl
used in the many fields of science and engineering and have been applied
products in our society. Some uses of liquid crystals are: e
i) They are used as femperature sensors to detect the faulty COniE
microelectronic circuit boards. .
if) Theyareused in thermometers to measure the body temperature ofif i
iii) They are used to detect blockage of veins, arteries and infected
wumors. Special liquid crystal devices can be attached to the skintosho%®
iemperatures. This is useful because of the physical problems, such:as ¥
a different temperature than the surrounding tissue.

iv) Theyare used as asolventinchromatographic separations. 4
y) The most common application of liquid crystal technology lsfh o
displays (LCDs.). They are used in display of electrical devices U
wristwatches, clocks, flat-panel televisions, computers, laptop.screens’

(208)
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ors and many other electronic deviges. The devices, fﬁ” vhi
m ‘\n‘“\" as I ( n(lt'\ 1ICes -
#usﬂl of the hiquid erystaly are used in hydraulic | , ‘k:‘:'
viles,
) W'W

mllod chemical

pe the change in which




T

-
w

cgmpositiozx of a substance does not alter 1s called physiézil Ch:m\\

melting and evaporation. RS sy i

> Evaporation is the process of conversion of liquid in vapours .
¢0ndensation is the reverse of vapurimtion (the conversion of Vapour .
liquid). The direct gvaporation of solid is known as sublimation, F Ty
1S an endothermic process while condensation is an exothermic proges =
evaporation and condensation both play key roles in moderm'mé ;
temperature of climates. Fvaporation 15 8 cooling process and oceurs gy,
rate in the hot summer days 10 absorb heat and prevent the temperyy
increase while condensation is the reVerse Process and it occurs at nigy

prevent further temperature drop.

» The pressurc exerted by vapours in dynamic equilibrium with its pure Homibs
azgiven temperature in a closed system is called vapour pressurc. Tt shows e
evaporating tendency of the liguid. P
'3 The temperature at which vapour pressure of the lifptli,d bef:omeg‘ cqm!
external pressure or atmospheric pressure is called .bm.lmg pomtof thc g% |
The temperature at which the vapour pressure of a liguid becomes equal®e |
atmosphere pressure is called normal boiling point. . “‘

% Liquids show properties such as yiscosity.(t?e res}s,fance to ﬂ?: ; ‘
aﬂ'd surface tension (a measure of how difficult it is to StrEtE 5
surface of Jiquid) that depend on the attractive forces among the
liquid. The viscosity and surface tension ofa hiquid mgréasc 95 tm “‘. |
imermolecular- forces increase and they decrease as temperafure thc! 3 |
ﬁe iransformation of a substance from ong,ph,ysical‘ state 10 wocal
o ph e. The changes of states arc the Phys‘om
They are not chemical changes. The matter can be changedfm“‘ e
and .Ghﬁngms e '}

¢

stat ';.tQ;f@Oﬂle.rP ysical state by cooling, heating sig#!
‘The amount of encrey required to vaporize one sadie ofﬁie.-liQ equi®
point is called nolar heat of vaporization whereas the €7 rszf usic?
éti cmoleo‘fthe'»wﬁd at.itsmeltiugpointiszcalledmolarh@n S i
‘ «diate state of substance that ¢:iis'p‘lzaysv.-pt-'t}>1?'f‘#f-“‘°‘°'“af " ®

pEAhe . called liquid crystal. Liquid erystals fIo¥ ke ® i

. W
A" .

: dﬁsolidi ls flow K¢
-::d it particles exis! in highly ordered patterns asin a crystallin®
T )
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FORT QNS CES are given fiy

j__;’—‘ﬂmmc;blms with suitab

l"3‘-..dmcarb_omx

g IMtramolecular attractive forces are
?;m’"?kcularmmctivc forees. (less/more)

are insoluble in water due 1 absen,

ons and Problems

Cach guestion, Seleor the correct one
i) Greater the Strength of intermolecy|ar forces, greater will be:
(a) Heatof fusion (b)boiling point
(¢) viscosity (d)all of these
1) Which hydride of group vy A has higher boiling point:
(a) HF (b HCY
(¢) HBr (d)HI
i) Which liquid hag weak intermolecylar forces:
(&) Gasoll (b) water
(¢) ethylalcohol (d) gasoline
iv)  Theconversion of vapours into liquid is called:
(a) Condensation (b) fusion
(¢} evaporation (d) sublimation
V) The Vapour pressure of waterat 100°C js:
(a) 260 mmHg (b) 760 mmHg
(c) lO74mmHg (d) 1489 mmHg
Vi) Theboil ing pointofglycerine at 50 mmHg is;
(@) 100°C (b)120°C
(€) 240°C (d)360°C
¥ii) Food cooks more rapidly at:
(@) Karachi (b) Quetta
(€) Murree (d) Mt. Everest
Viii) Surface lension is measured by:
(@) Stalagmometer (b) thermometer
ij.f‘?} viscometer (d) manometer
‘K) ; Viscosfty ofliquid increases with decrease in;
&) molecular mags (b) intermolecular forces
9 lemperature (d) atmospheric presure
X Which one ofhe following is more volatile?
; f@i Wa;e, (b) methylalcohol
' Basolipne (d) diethyl ether

le words given in the brackegs:

——_Stronge,

(21
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Q3.

(ionic bond/ hydrogen hond)
w of liguid is called

111) Internal resistance 10 flo
— 1

liquid (fluidity / viscosity ).
reases Wwith increase i

1}’) Vapour pressurc inc

liquid. (surface area/ femperature) ——i

v) Substances which have both the properties of
—

d liquids/| iquids and gases)

called liquid crystals. (solids an
than molay e i

vi) Molar heat of vaporization 18 ___——

fusion. (lesser/greater)

vii) Water is liquid while H.S is gas at room temperature because fy

presence of ____ in water molecules. (copls

bonds / hydrogen bonds)

viii) lce occupies 10% ~_ space (han water. (more/less) |
found in the liquid state whie

ix) The element _ =18
element s found in the gaseous state. (chlorine/ bromiuji

x) The surface tension is denoted by Greek Jetter
(gamma.y/ eta,n) ]

-

[abel the fol lowing §tatements as Truc or False.
i) Liquids and gases hoth have definite volume.
ii) The thermal expansion for a liguid is genera

corresponding gas.
iii) The density
corresponding gas. o
iv) The intermolecular forces between particles of @ liquid 4

forces (or cohesion) while the forces olcd

cohesive 10T (or col
between particles of liquid and another surface are

forces (or adhesion). -
The intermolecular forces and temperature 4r¢ the W

whichaffect the vapour pressure of a substance.
vi) London dispersion forces are the weak intermo
absentinall of the molecules of liquids and solids. |
vii) Viscosity is the inverse ofthe fluidity of liquid. AL
viii) Surface tension, viscosity, and vapour pressufe are .

independent. R
ix) Liquid crystal is a turbid liquid that displays SO |
below the melting point of solid.

ific heat is the amount of heatreq

x) Spec
(212)

jgofa substance by 1°C.
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Q.18.

Q.19.
Q.20.
Q2L

22

Q.24.
Q.25.
Q.26.
Q.27.
Q.28.
Q.29.

Q.30.

Q.37.

Q.38.

22. How does perspiration cool t
Q.23.

. The bubbles are formed when water starts boiling, What 15 p 2sen

. Why does'the boiling point of water is much higher than that of BS"
. Why the boiling point of water in pressure cooker is high* 5

. Explain why the egg takes a longer time to coak jt in boiling Wi#™"

. Explain why each liquid has its own boiline ro;
g = OWn boiling point?
. Why the temperature of boiling liguid p?nsc U

»

Define and explab &!
evaporation, ‘ o mt e B
Why the rate of evaporation of Tigd mme:wt f).Y "?Tr':?hl'l‘g “""‘Pemggg}
The evaporation is the cooling proces? and oce (;llrn i . hknfpem‘"f-hw
Why the wet clothes hanged outdeors dry rapidly Onanotsummeyy 8
a cold winter day? Explain. | |
A he skin of your body in hot weathet?
keep water ool while those made of i
d glass bottle are unable to ke |

Fxplaimn the Tactors st
I

y evaporation

Earthen ware such as piteher
plastic or glass such as jerrycan ab

cool, why? e - 1
What is the equilibrium vapour pressure of the liquid? Diseuss the -

that affect vapour pressure. How is it 111easgrcd‘?. | -
What is meant by dynamic equilibrium? Explain it between o phis ;‘
states. :

The change in the surface area of @ liqui
equilibrium vapour pressure of liquid, how? |
Explain why we feel sense of cooling on the bank of lake after bath?
Why autoclaves are considered as the efficient sterilization instrume®
How would you change a substance from liquid state to gaseaus s
without increasing the temperature of the liquid? 3
Define and explain the boiling point of liquid. What are the 1
affecting boiling point of liquid? How does the boiling point 0f3%
depend on external pressure?

o .

d dOCS nOt Causc theG yv

the bubbles that form?

ordinary saucepan?
altitude than does at lower altitude?

en B

heat is being added contintious}y?

Explain why the steam at 100°C: b PR
liquidwaterat 100°C burns your skin much more >

Why the sprinkling of the boiling di B
! > <ok 7% d , : a8
the sprinkling ofboiling water Os y;il?:'klj it‘l,l?;( L:)?; not burh .

(214)
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30, Wha is 1 phase chanpe? Name 411

‘ iy i (,n 4
‘ | Possible changes that can occur amonE
the vapour, baguid, and solid :

Phases ofg substance.

it Define the terms molar heat Ofvaporization and molar heat of fusion. GIve
¢ tyeir units. Why the molar heat of vape

i WIZALON 15 greater than that of molar
heatof fusion?

41, Which processisexothermic, he fusion or condensation?

042 Whydo the droplcl.§ appearon the outside of the glass full ofice cold water
i the summer time?

Q43 What is the viscosity of g liquid? How does viscosity change with

~ increasing temperature? What is the effect of intermolecular forces on the
viscosity ofliquid? How is it measurad experimentally?

Q44 Why does gas oil flow 4 3 higher speed through a pipe when the
temperature of oil increases?

Q45. Thedrivers are suggested to use the lower viscosity motor oils in the winter
and higher viscosity motor oils in the summer, why?

Q46 What is the surface tension of the liquid? Why are the molecules at the
surface of the liquid act differently from those situated inside? What
factors affects the surface tension of a liquid? How can it measured
experimentally?

U7, Amzor blade if kept carefully on the surface of water can be made to float
although it is made of steel and is much denser than water, how?

W, Explain Wwhy a small drop of water assumes nearly aspherical shape on the

. Surfaceofwaxy bonnet ofcar? '

mr’ Whmxesurfaotams'? What is the role of surfactants?

150 HWGOBS thy and surface tension change with temperature? Diseuss

i Berelation of intermolecular forces with these Hpcrhes; -

fsz Vhay 1f‘.li'(';uidzwsml9?‘61"&'5".‘1‘&@?1@“””3 mdaﬂy-h.fe. |

% Whay IS the difference between a liquid crystal and a typical soliderysga)

- lethatopngy oy

(215)
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6.1 Kinetic Moleculuy interpretation of Solids

6.

2 Types of solids

6.3 Properties of Crystalline solids
6.4 Crystal Lattice
6.5 Typesof Crystalline Solids

The students will be able to:

'

Describe simple properties of solids e.g., diffusion, compression, "«'--i
mation of molecules, space between them, intermolecular forces and kinetict=s
hased on kinetic molecular theory. (Understanding)

Differentiate between amorphous and crystalline solids. {Understanding)
Deseribe properties of crystalline solids like geometrical shape, metting I
cleavage planes. habit of crystal, crystal growth, anisotrops, SyEATE
isomorphism, polymorphisim, allotropy, and transition emperts
(Understanding)

Use oxygenand sulphurto defing allotropes. (Understanding) o Clﬁi
Explain the significance of the unit cell to the shape of the crystal using M |
example. (Applying) : 0,-,'Ill.‘
Name three types of packing arrangements and draw or construet modeb |
(Applying) % )
Name three factors thataffect the shape of an jonic crystal, ('Undersmndllb ‘J
Define lattice energy. (Remembering) . "
'Differentiote between 10me, covalent, molecular and metalli CF)'S“‘I‘!
(..\ppl_ving)

Explain the low density and high heat of fusion ofice. (LFrldemtmidiJlg)
Delincand explain molecular and metallic solids. (Understanding)

(Z15)

|
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¥ .a,oduction | | L

‘ }'@Iidis thc.l‘h} SIt -'.' '\l.ellt n: lll‘.lll'\‘l \'\‘hu.‘h has dcl'mnc shape and volumc%tidis‘ﬁgfid
e Hwe look around us we will find lot of substances i the solid state rather

panin fiquid and gasc 0“\ sta'u., The clothes We wear, the paper we write on, the

Laks We read, ll?ctcle\.‘mun we watceh, the radio we listen, the gold used in jewélry,

‘_- 'l;,t,suc used in makmg wal?f- bottles, utensils. water pipes, rain coats, § o Wi

| es, toys and purses, the re f.rlgcmmr used to preserve foods, the cars and buses 5

"f“""l'in’ thetrees that he'ar lrutts are all important solids. The solid state of mater ) |

< e growing area of chemistry because it relates to the development of interesting |

S materials, In this chapter we will discuss the properties, structures and types of

plids.

¢1 Kinetic Molecular Interpretation of Solids

key pomnts of kinetic molecular theory are given below:

| The particles (atom, ions or molecules) of solids are very close to each other

ad they are tightly packed and more ordered than liquids and arc much more

-: . :i‘ed'than;gases. For that reason. solids are slightly denser than liquids and mugh

kmser than gases. However, water is an exception (o this rule 1.e. the ice, the solfd

fm of water, has lower density than liquid water. The spaces between solid

srtiles are smaller than both of the liquidsand gases.

i Thesolids are gencrally less compressible than liquids gnd are |

sompressible. The salids such as foam, wood and cork give the impression of

hgmmpmsmblc buf they are actually not. They have spaces filled mth zixr‘s : Bv

zdmpmm the spaces are compressed but not the solid matter in the toam, 4

Wdorcork. .

?Rgbemperam or pressure change hasavery little inf]

-”;;;;'ﬁnamacuvc forces in solids are much mqrc cffectivc. than g:dscs :u'\d

| : ) ltine and boiling points than

ause of this, solids have lower me g

considersd as

uence on the volume of

- M Solid particles have low kinetic energy than liquids an_d gases. Kinetic
8 l"dirci('i:ﬂy i e the temperature of solids: Their kinetic energy
Ay bydecr;:?: ie cmm pgefatum and inereases by increasing temperature. All
X5 are converted jnto solids ifcooled sufficiently. .

o S0lid particles are focked in place that are why their molecules can't slip
M, OVer one ahdfhét Th eji are, therefore, unable to flow (1.¢. they are rigid),
A A " £9. = - ~ . '

" "®lain their shapes and volume without & vessel. Solid particles usually

(2i7)
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‘“'.T’q
have only vibrational motions, |
\..“” S(‘ll(',\ l)"ll‘lL‘lC\ lil) not d”"uﬁg‘ IH'H |_l']|L-] s l’l‘ ll\'iun m"e'

occurs but extremely slowly. If a lead plate and a gold l"}”\-‘ o Pl;wc.:unuc
. atoms of lead will diffuse im 201 i

l‘
. . ‘"1"_-
n.“\“)“ does oceurin solidy h“[; ;

s readily, The difg

contact for a several months. a few
versa. This observation is evidence that di
slow rate.

6.2 Types of Solids
There are two types of solids on the basis of arrangement
1) Crystalline solids.
i1) Amorphoussolids.

!:l,’_-

of'particles.

Telall
Solids

Crystalline
Solids

stalline Solids 3
ghze :Olcif;;y‘:::‘:h have repetitive three dimensional 11”3ngemcﬂ$:;|., : '3
called crystalline solids. They are also ca}led true solids. A C?:ﬁclc’
| osed of one or more crystals that are fused together. Each p i p
.cf’"‘f osition in the crystal. Because of ordered arrangement (;J‘ .
- l‘ljinc <olids usually have flat faces which construct specific ang® &
ol 'I'l;e reeular arrangement of particles in crystals also PRRCg
ano:her'shaped beautiful crystals. The beautiful crystals of diamond: &% 4
regu:;g and table saltare the examples of crystalline solids. Other exam?
:gf:;is are alum. urea, KNO, and CuSO,.

6.2.2 Amorphous or Non-crystalline Solids

. golids which have non-repetitive three dimensional arranget
Thc‘ 1ed amorphous solids or pseudo solids, The term amorphois ™ g
are'cé;l means shapeless. These solids do not have the ordcfly, g
Whl":*lcs like that in crystalline solids. The structures of these soli 0

am‘;ruetures of liquids but their particles do not have t‘r::t:d()"“l i
1%“3 8 ds. The elasticity of rubber and twisting of plastic reveals (ha s
gt .}'wus solids do not have lixed positions as in crystallin® e
83:‘::31m point of view, the amorphous solids are considered 2
s

(218)
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ad then¢

v arrangement, Amorphous solids are hard and clastic Iike €rys
e They do no! have definite melting points. These amorphous solids

y arrange
asallined

!

g the fiquid and solid states. Therelore, amorphous solids are
el 2 )
':‘ P e e Yo lo
e bber, phistic, cement. ceramics and concrete,

gi’*":“m- crystalline solid can be changed into amorphous solids

. cometimes

iquids, T , are
lod hiquids, The well-known exumples of gmorphous solids |

hy melting
nd Hnime
tallime
may have
are Pilrn:"

ooling the molten mass rapidly. In this way particles do not f

ment of particles in small regions, These solids which

wdpartly amorphous are called crystallites.
Table 0.1: Difference between Crystalline and Amorphous Solids

' They do ot have definite geametrical

s e L S
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precious crystalline solids and arc psed in ornaments and jewelry; iron, & gpigaD
fsﬂ‘fwiﬁussa-ﬂs.smmmmlmalerinlundisancsscnt‘miil'll_—"fdit"_“ nourdiet, %
m«*hé'éth’er;hmd the rubber, an amorphous golid, 15 used tires and rulsher '
- plastic, an amorphous solid, has many industrial and commercial USes and is useq pgd
“manufacture of CDs, DVDs. foonweat and fluid containers such as milk or gif,
Mﬂﬂ amorphous solid, s used to make rambler. mirrors, dishes; eye
‘windows and for laboratory equipment such as beaker, test tube, reagent o
- Amorphous semiconduciors are used in solar cells, Jaserpri nters, flat-panel teleyi
_and monitor screens. _

6.3 Propertiesof Crystalline Solids

6.3.1 Symmetry

The concept of symmetry i
easily recognize an object if we
number of surfaces (faces), edges,
faces). When a crystal is rotated along its

are repeated consistently. The repetition of
rotated by 360° along its axis is called symmetry. Varions types ©

elements are:

i) Centreofsymmetry
iii) Axis of symmetry
6.3.2 Geometric Shape

Crystalline solids have definite geometrical shapes. This 1s due to thﬁomt
arrangement of their atoms, ions or molecules. The orderly arrang
ions is due to strong attractive forces between their P“”wf@ i

molecules or!
cial angles and distances are same in spite of the method or coné! P

s very useful n describing the shapes of crystals e
know the syminetry of that object. A crystal ks
and the interfacial angles (the angles betweanlk
axis by 360’ , the faces, angles and edes
faces, angles and edges, whena Crystild
[ symniie

i) Plane of symmetry

ement o/ %%

interfa
S appration. Bven the fisgircnts of finely divided crystaifine solid have &
geometric shapes that display theirinternal structure.

6.3.3 Melting point 22
wit®

The temperature at which the change from solid to liquid occurs 18 kno™
nelting point of solid. At melting point, the particles of liquid and soli e g
average kinetic energics. Crystalline solids have definite melting pom's
int, the temperaturcis reached at which the kinetic energies of the P* i

crystalline solids are enough to overcome the attractive forces holdlﬂsﬂ.:
together and the par_t‘lclcs get free of their fixed positions in the solid: The€ ,L
solids can be i_flennﬁed from their definite melu;, oints. On the er M I
amorphous solids have no definite melting points éelzai:: .(hc amo "SSDJ |

(220)
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o have orderly “.n.u"gmﬁm Of particles and the particles are not constantly
™ i their lmsmon:. \n:su solids have the ability: (o, flow: ouer A “‘m'gc of
ﬁﬂﬁ"‘-raww- For u;lmp e ‘lm A glass is heated. first i softens and then starts
e t undergomg abruplt of s o . . e '
v mthop e .P : harp ghan,ge from solid to liquid. Hence
' mﬂlous,sohd.s are regarded as super cooled liquids

e

Y Cleavage Plane '
breaking of bigger C')’Sfals into smaller identical crystals by applying pressure
& alled cleavage. Crystalline solids are broken down through particular planes
(dections OF snfies)..Thcsc plamjs are called cleavage planes, A crystal can easily be
\on in one direction and not in any other direction. For example, a mica erystal
ntains infinite layers of SiO} ~ sheets. The sheets have weak attractive forces and

geeasily separated parallelto the layers only.

§3.5 Habitof Crystal
\shape in which a crystal usually grows (prepares) is called habit of crystal. For
aample, NaCl has cubic habit. white tin has tetragonal habit. and graphite has

iexagonal habit.

43,6 Crystal Growth
(rystals are usually grown (prepared) by slow cooling of liquid or saturated
slution under certain conditions. Outer appearance (shape) of crystals depends
ion the method of preparation and conditions (temperature, pressure,
ancentration) under which it is prepared. F orexample, NaCl always crystallizes in
abieshape, i conditions are not changed. Different crystals of the same substance
Wy sometimes appear to be different from outside due to different rate of growth
W different faces but their interfacial angles are always thc same. The .change’ in
Meannce is because of the presence of mpurity in the solution or dueto ch%?gg 111
"o For cxamplcs the habit of NaCl is cubic butin the presence of 10% urea
“mpuriy,its habit is octahedral. It is called change ofhabit.

&37 Anica

T P)' irect They can vary [rom
, e B s on directions. Y ’

Q&M‘-’a’spwpemes of erystals dep-.‘??d ugﬁedmjsotropic propertics and the

v 00t direct; ace properties are s -
& T e oropentics uc 65 thomit SRR i —

Wy "Y:r'c.leavagej a'nd refmcuve index are anisotropic _properties. ljur
B bhite ié.ilh'--;SOtrope.- Lhé cbﬁdu’eti(m of hc:}t gnd electricity, in %,i"'-“l"“‘t‘
j"dlﬁ'erent dxrecho;ls It conducts electricity parallel to the plane of
L TS Lo , s R , he Iayers.
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6.3.8 Isomorphism

© Process in which two or more difTerent clements or compounds exjg in
crystalline shape is called isomorphism and compounds are known ag iﬁoml)fph b
gfi'c'h other. The 1somorphs have following properties: o
') They have same ratio of atoms.
i)  Their physical and chemical properties are different.
Table 6.2:

tsomorphs and their crystalline form

L A . " (*
oo K N {, ..__,J a
’ o |

5 with atomic ratios

"—rﬁgonal
Orﬂ:os—'immbic
£:80,, Na  Hexagonal 43
Diamond, iron [ Cubic DE 61 O
iraphite, zine ~ Hexagonal B

In table 6.2, NaCl and MgO are two different compounds and have sum

shape i.¢. cubic shape. hence called isomorphs.

6.3.9 Polymorphism
‘The process in which same compound is present in more than one crystalline fort
is called polymorphism and different crystalline forms of same c:oml)°"‘"‘“-“i
called polymorphs. The polymorphs have following properties:

i) They have same chemical properties | 3
but different physical propertics, The Table 6.3: Polymorphs and their crysal
difference in physical properties is due to forms _ |
different structural arrangement of particles &
inspace.

ii) They belongtosame compound.

In table 6.3, calcium carbonate, the
same compound is present in two crystalline
forms i.e. trigonal and orthorhombic forms.
These crystalline forms of same compound
are called polymorphs.

6.3.10 Allotropy

The process in which an element ig Present in m

1
] _ are t » [ lline W‘
called allotropy anddifferent forms of he element a;:s CZ?;::Z 2;;;)3:3 aalld"‘ﬂ

(222) ‘
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V .y ) o \ . M 3
ps have same chemical properties but different  physical 1

ytrop oA
e 'él.l;m 'ut' to different  fubleod Allattopes and their Grysralline Farms |
Ph’pcrt;;tpfamlm. The common ” i S |
ﬂ@c:: that shaw :lli“""l1:‘. ‘".L. Carbon Diamond L’Ubic') :
| v . culphut. and u'.\) gen. | | Griphite (exagoa i R _}
| g capic forms gre given in Gy i i |
IM"M Tin Wh st fuéteagondl o

'.,ew";‘; able 6.4, carbon hastwo |

forms (cubic _ :
ne Suphur | Monoclinic sulphur

: ' Rhombic sulphur
,18'0'“" m-szallt .
oeanal ) These. different | - Plastic snighur (amorphous form

- Rhombic tin (orthorhombie) 1
I

1

S erms of. the same | Dioxvaon (01
posliee ) are called | Oxygen -M"go("’) |
emeat (carbon el e i e T

sroay is for elements and the polymorphism is for compounds.

il Tramsition Temperature
kammgement of particles of a substance can also be
enperafuré and a new allotrope of an clement or a new
apond is formed., L IeE
T“bc‘itémpemnm:at which two crystalline forms of same substance exist in
Siumwitheach other is called transition temperature. e
Above and below this temperature only onc CTYS‘?'IWG fc.)r%\ ola st:’ ;’1 bott: y
Mfresample, the transition temperature of KNO, & Iz\f{b thé? l A his
.0f ths compound exist in equilibrium With €ach QT 500 L L
i (128,57) KNO, exists in orthorhombic form an '
U iLexists in rhombohedral form.

I'CNCP3
A(o‘rmorhombic) 0 o
0 rangaes o 93 ove transition

" Uansition e tare: of S [phure 8 95.5 C. SR
g %J;:I:nmonochgi ;:n’:l and below this temperature, it exists

changed with the change
polymorph of @

(223)
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fi_.‘“ Crystal Lattice and the Unit Cell
1?18 cl'y.stﬂls are regular shaped solid particles w ith flat shiny faces and ay
'dlmel.lsmmll ordered arrangements of particles. The ordered structire ofa 3
described in terms of a crystal lattice. A crystal lattice s 4 three clmu:' #
Structure  of points that designates the positions of panic[c: L‘r'ul
molecules, or 1ons) in a erystal. Crystal lattice " iy
is also known as space lattice, A crystal lattice
1S not an actual object but it 1s a structure oF
pattern. The erystal structure depends on the
nature and the size of the particles that are
involved. The particles that make up the pattern
are different in different type of crystals. A
erystal is made up of atoms, ions or molccules.
These particles are located at particular
positions and are represented by poinis and
these points are joined together by lines. This
type of structure isknownas crystal lattice.

Figure 6.1 4
Crystal Lattice Consists of § Uit (eh

6.4.1 Unit Cell .\ /
The smallest part of crystal lattice showing all the _.
propertics of erystal patier is called unit cell. The crystal
lattice is the building block of unit cells. The unit cells

repeat in all directions in a perfectly regular way and build
up the whole crystal. Aunit cell gives complete information g 53
: YL Ly
about crystal structure. It will be easy to know the exact A single n6#®
u

arrangement of particles ina whole crystal, if we know its arrangement md ,dbi
Unit cell has definite shape and definite number of particles. Thest partt==y
arranged in three dimensions.

Repmentn'tlon of a Unit Cell 3
Shape of unit cell depends upon the length of three sides (a, b, 40 4ol i
between these sides (ct. fandy). Incommon practice, side 'a' is along A
is along y-axisand side '¢'is along z-axis.

The angle “cis betweensides 'b'and '¢', *
The angle “["1s between sides 'c' and ‘2’ |
The angley"is between sides 'a' and b,

(224)
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These Six parameters of unit eell are called mi]‘t, dime:
mssm"ographic elements. Unit cell of CsClis cubie, inwhicha=b
'r-’w¢' i (il ~~.!'-r'z. Wl
Seven Crystal S)'S‘ems OR Crystals and their Classifications '
A crystal system can be identified by the dimensions of its unit cell along its three
axes a.b.c and three angles ct, B and y. The seven crystal systems are described

below:
Cubic System

n cubic system, all the three axes are of equal lengths and

all angles are 0f90°.

a=b=cand a=p =y=90°

Exampleare: NaCl, diamond, iron (Fe), copper (Cu), CsCl
Cubic unit cells are of three types and they are simple cubic. body-centered

ubic, or face-centered cubic. They have a total of one, two, or four particles,
respectively. '

Tetragonal System
In this system, two axes are of equal lengths and the third
one is different. It may either be shorter or larger than the
other two. All the angles are 0f 90°.
t=b#cand o=f = y=90°
Bumple arc: Sn0,, MnO,, white tin (Sn), NH,Br
Orthorhombic System ’
“"be'cogths areunequal and all the angles are of 90°.
Hecand 0= -0
?fmng are; FeSO,.7H,0, ZnSO,.7H,0. KNO;, L.
ombicsulfyr
g’l"ﬂorl!hombohednl System i
h;he lengtbs are equal but none of the angle is of 90°.
4 between 90° and 120°.

Cang o= B: Y# >'90‘“ and<]200
pleare: Nan 5,

' aNO:;, KNO_Q“BI,. A]?_O;,

(225)
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Hexagona System

diffy
of'120°,

a=b#cand o= B= 90°, y=120°
Examples are: Zn0, CdS, graphite

Monoclinic System

Allthe lengths are unequal. Two angles of 90" and thir
1s greater than 90°,

aib# cand_ a: B: 90“’ Y=>900

Examples are: C,H,,0,, Na,CO;10H,0, Na;
10H,0

Triclinic System

All the lengths and angles are unequal.

a#b#c anda#P#y#90°

Examples are: CuS0,.5H,0,K,Cr;0,, H;BO;
(Boric acid)

Theunitcells©

e .- Y

a=b=¢

‘0-axes (a and b) are of cqual lengths and third (¢) 1
crentin length, Two angles are of 90° but third angle 1s

d one

B,O..

Xt 5,
of the seven different crystal systems are summari zed intabled
'lablc 6:3 3 bum Cr\:.wl b» stem

[ Nac, Nab, d diamont: &

Ca=b#c

MnO:z, NHiBr, wl"

Cazb#C

BaS0,, CaCOs ( w
rhombic sulphnt, 1

o = = 90° y#90°

e = =90° y= 120"

Ioln
Sugar, borax, ax, PbC
monochmc suli’l“" 2

lce. NBNOS' Cds’
zine

i m-.ﬁfa?y.*Qﬁ“

NaNOj, CaC0s (40 ‘:j

HgS (cinnabar);

o # ey =90

KaCr 0, Cus0sSt
Hsﬂos/
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6.4.2 Shape of NaCl Crysgal
The structure of sodium chloride, is one of the most common fonic crystal lattice. It
has "‘*“"wm.cmd cubi;; arrangement in the octahedral structure, In the structurc,
sach sodium ion, Na : 15 Surrounded by six chloride ions, C1, and each CI ion IS
surrounded by six Na ' 1ons. Hence, the coordination number of each ion is 6. The
distance between two adjacent ions of different kinds is 2.815A°,

Chloride 1on is bigger in size than sodium ion. The larger chloride ions
occupy corners and faces of an octahedron whereas, the smaller sodium ions fit into
the cavities (holes) between the adjacent anions. The unit cell of NaCl is repeated in
the sevc_ral directions where we can see six chloride ions around some of the other
sodium 1ons.

Figure 6.3: Representation of the unit cell of NaCl

The formula of an ionic compound is derived from the unit cell structure.
The formula of NaCl is obtained by counting the number of sodium ions and
chloride 1ons present in its unit cell. There are eight chloride ions at each corer of

Ahe unit cell. Each CI ion is shared among eight unit cells, hence each contributes
‘on¢ eighth of CI ion to the unit cell. There are six chloride ions in the center of cach

face. Each C] ion is shared among two unit cells, so each contributes one half of |
ionto the unit cell. The total number of Cl ions within the unit cell is calculated as:

| P :
g Cl™ per corner = 8 corners = 1 CI
RS S
5 Cl™ per face x 6 faces = 3Cl
'Etal number of CI” ions in a unit cell = 4 CI " 10ns
There is one complete Na' ion in the center of the unitcell. There are 12 Na
A the midpoints of edges of the unit cell. Each Na' is shared among four unit

" hence, each contributes one fourth of Na” ion to the unit cell. Thus the (ota
berof Ng ions within the unit cell is calculated as:
(220)
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3 N’ poredge x 12 cdges — 3N
1 Na” per center * lcenter = |Na'
Total number of Na' ions in a unit cell = 4Na’ ions

Thus, the unit cell of NaCl has four Na and four Cl ions, in the ray, of iy
as required by its chemical formula. ;

Keep in Mind °
bic shape while CsCl crystallizes m simple sy

NaCl erystallizes in face centered cu .
¢ to larger size of cesivm jgny

shape. The different arrangement of CsCl is du
| compared to sodium ion.

6.4.3 FactorsAffecting the Shape of lonic Crystals
There are three factors that affect the shape of ionic crystals.

(i) Radius Ratio:
The shape of an ionic crystal depends upon the radius ratio which is defined@s
ratio of radius of cation to that of anion.

: . Radius of cation

Radius Ratio = - - i

Radius of anion |

The effect of radius ratio in determining the shape of an ionic ¢ris
known as radius ratio effect. The range of radius ratio may be expressed as i

radius ratio. 7 4B .
Table 6.6: Limiting Radius Ratio and Shape of lonic Crysuls

) ‘66*\ };_

T oas04ls Tehedral 7
oA | Ot —w s
T omalo Bady centred cubie — @ P

The shape of NaCl is Octahedral and that of CsCl is body contit
pecause their radius ratio valuesare different.
(i) Electrostatic Forces of Attractions: t f

[onic crystals are held together by strong electrostatic forces of al"ﬂctio?vélj,
cations and anions. Example: sodium chloride, NaCl. These for¢
defined geometric shape to 1onie crystals,

(228)
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poor Conductivity:

Joni¢ crystals do not conduct eleetricity in solid state because theirions are fixed in

posiiinns and are unable to move. .chcc. the shape of ioni¢ crystals remains ‘as

ach, They can only condpc! clectricity when their ions are free to move ie they
ectricity when dissolved in water or melted

(1)

conductel

044 |attice Energy
The amount of heat needed to break one mole of ionic crystal into its gaseous ions is

called lattice energy.
It has positive value. Itis expressed in kJ mol p
Ky Oy ——— KCy AH® == 715 kJ /mol

lonic crystals are composed of ions. These ions are located at fixed positions.
A definite amount of energy is needed to remove these ions from their fixed

nositions, called lattice energy. It can also be defined as:
The amount of energy released when gaseous jons of opposite charges are
combined to form one mole of crystalline ionic compound is called lattice cnergy

It has negative value.
: KOy ——— K + Cly AH" =+T715 kJ /mol

The magnitude of lattice energy depends on ionic size, jonic charge and
“amangement of ions in the solid. The lattice encrgy decreases by increasing the
size of either cation or anion and Increases by increasing the jonic charge.

Effect of Tonic Radius | :
‘The smaller the ionic radius, the shorter the distance among.lhc ions, and the
stonger the attractive forces among ions. AS @ result of this, the ions come close Lo
achotherand their packing become tight. From 19D tobutfomin 2 S0P pipericdic
the ionie radius increases; hence, the lattice energies of their compounds
U The lattice energies for those  Tuble 6.7 Lot
“mpounds, which have same S UIOT
but different cations,
2o, with the increase in the
. tCations,
. ‘ D4
lattice ¢nergies for those
¢ o hGS, which have same S
feep,, U0 different anions, |[POWSSEEEETEEE S N/ B

“ With the increase in the e
lﬁm;

oo energies of compounds having

Scanned with CamScanner




e

Thc Iargcr the lattice Table 6 '\'f Lattice Energies of (‘nmpnundsh
CNETRY, the more stable the ionic e
compound and the more tightly N
held the jons. The solid with

BVIs}g

WS

higher lattice energy has higher _ i“‘?‘?_’_@"
meltmg point than one with Sodium 9]1]0!‘“18 Ly Sl S
smaller lattice cnergy. " Sodium bromide NaBr

| T e Tl (s |
Effect of lonic Charge e

The higher the ionic charges, the greater the force of attraction between oppositly
charged ions, so the lattice energy has high value for more highly charged ions.

: If wg. compare lithium Table 6.9; Lattice Energies of Compounds having
ﬂnox:xde with magnesium oxide, different Cations or ios
then we find that, they have cations ' —
(the radius of Li"is 76 pm and that
oM is 72 pm) and anions (the. (g it onie 1 ks
radius of F 1s 133 pmand that of 0 Migoesing e Mgo =
is 140 pm) of about equal radii. |, ©o e . Caﬂ :
But lattice energy of MgO
(4_050k.lmo'l") is about four times greater than that of LiF ( IOSOkJmol")-“?E
fourfold increase in the lattice energies of CaO i due to the fourfold increasein®
producto'f charges on Mg?+and O° jons.

The lattice energy is directly proportional to the product of charges of “““’E
and anions and inversely proportional to the sum of their radii.
charge of cation x charge of anion
cation radius + anion radius

6.5 Typesof Crystalline Solids 4

The structure and properties of crystalline solids such as melting pOin' [

point, bardnes, 410 dcnm}t depend upon types of particles in the cr}’Stﬁ"‘Dc P

and types of chemical bondmg_prcsem between their particles. There aré foflf

of crystalline solids on the basis of types of chemical bonding present i

they are ionic solids, covalent solids, metallic solids and molecular solids:
(Z30)

Lithium fluoride

Lattice energy (AH{ i) *
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n[cﬂml forcc.shl')f C»“l".‘:.ct((?‘”v.‘\ lhi]ll h()‘d lhl‘ \'()l]d piu.hd\:h lUL,'CUlUI dclcrmil’l'c many
eI ies of solid. For exampic, copper is a good conductor of electricity _whll‘i

: ! ’n . . 2 wy/ » oA .
gitre! ’f[:'m isulator although they both are atomic solids, The difference in the

g s between these two substances is becanse of differences in the chemical

AR ot in them,
!r‘“h“gpmdﬂ

51 joni¢ Solids
H alids 0 which ions are held together by ionic bonds are called ionic solids,
weeionsare held together by electrostatic forces of attractions. Examples of such
gsare NaCl. KC1, KBr, CsCl, and CaF,. The ionic solids are generally formed
henalkali metals (group 1A metals) and alkaline earth metals (group 1A metals)
ehine with chalcogens (group VIA non-metals), halogens (group VIIA non-
wal0),and non-metallic polyatomic ions.
roperties
" The jons in ionic compounds are held together by strong attractive forces;
wefore, they are hard and have generally higher melting and boiling points than
weeular compounds. They can also have low volatility. The higher the melting
whoiling points the stable the ionic compound.
| They are highly brittle. For example, the ionic solids are broken into small
exswhen we struck them by a hammer, the ions are driven down a layer and the
fe charge jons come next to each other and because of this the same charge ions
Hexhother thatsplitthe solid. | _

They have definite geometric shapes; and have high density due to close
“4ngofions,
' They do not conduet electricity in solid state because their ions are fixed in
*tonand gre unable to move. When they are melted or dissolved in water, the

Nier . 8 s
“"::nfrmnd move freely through the solution or liquid, hence the liquid or the

| nk;mducts'clectricity’readily. . Aol

g ﬁam frequenﬂy soluble in polar solvents like water. The ions ofionic solids
P‘m,s"”‘ ¢ach other when dissolved in Water and are surrounded by water
"%%S"‘-"e:ioniq compounds are not dissolved in watet, because the attractiye
Rejgeer°®0 the iong and water molecules are not €nough (0 overcome the
by S betwearn g ;

i ey gpe ¢nthe jons, :

;j&: "ihe process of isomorphism and polymorphisi.

| . ha" Y Y . -
fon::“nnula mass but no molecular mass, because they do not exist i,

i‘\' (23’)
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Lonceptual Check Point:

wry? 2 solids are brittle but not malleable, why?

6.5.2 Covalent Solids

The solids in which atoms are held together by covalent bonds are calleg COY e

sand) and Silicon carbide (SiC, a common abrasive used in sand paper). )
Covalent solids are of two types:

1) Whencovalent bonds give huge molecule like diamond, SIC, AlNete.

if) When atoms combine to give separate layers of atoms like Graphie
Cadmium iodide ( Cdl,), Boron nitride (BN) etc. -’
Properties '
1)  Theyare usually very hard and have very high melting and boiling points duets |
strong attractive forces between covalently bonded atoms. .
i) Theyare insoluble in polarsolvents like water. j
iii) They are poor conductors of heat and electricity in either the solid or liqﬁli
state. This 1s due to absence of ions but some of them, such as silicon, are sem

conductors.

iv)  Their chemical reactions are very slow.

— o -A—;-:‘ % w —
Conceptual Check Point:

solids. Examples include diamond, graphite, quartz (Si0,, found in some Kinds o

6.5.3 Metallic Solids 3
The solids in which atoms are held together by metallic bonds are called metl
solids. Examples include copper, silver, gold, iron ete.

Many theories have been proposed 1o explain the met
will discuss only the electron gas theory.

Electron Gas Theory

According to this theor};'. the valence electrons in

metals are free to move from one part of the crysta]

{o the other, These free electrons do not belong to
jcular atom.

any par't;hese electrons produce negative

atmosphere (sea) around metal positive jons, This

Figure 6.4: Electron S¢*° |
(237)
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2 “‘4‘ 1O _'.~‘; - :)‘“‘ - -
qumosphere of a.k'uu nsisc Hled Flectron Sea orpool or gas. The foree of attraction
which ht"d"'”‘”‘-"' posit verms and Electron Sea together is called metallic hond
rhistheory explains the following pr perties of metallic solids.

properties of Metallic Solids
i Theyare good L:Oﬂducwrs of heat ang clectricity because electrons are free to
move and carry Kinetic energy throy ghthe solid. )
i) Most of the metallic solids have lustrous (shining) surface. This is because
when light falls on the surface of metals. The electrons are jumped from lower
mergy level to higher energy level. When the electrons come back from higher
eergy level to lower energy level, they emit energy in the form of light at the
frequency similar to the absorbed frequency. This reflected | ght 1s rcsp@s:hlc for
the lustrous surfaces of metals,
i) Metallic solids have variable melting points. Some metals have low and the
athers have very high melting and boiling points. For example, mercury (mp= -
38.72°C), gallium ( mp = 29.93°C") and francium (mp = 27.00°C) have quite low
neiting points and on the other hand chromium (mp = 1877.00°C). molybdenum
mp=2617.00°C), and tungsten (mp = 3427.00°C) have quite high melting points.
181 because the charge density of mercury, gallium, and francium is low and they
e weakly attracted to the electron sea and the charge density of chromium,
olybdenum, and tungsten is high and they are strongly attracted to the electron

}, ﬂi_cy are malleable and ductile. The ability of a substance to be hammered or
Cn n thin sheets is called malleability while the ability of a substance 0 be
cd pulled into thin wires is called ductility. That is why most of the metal]ic
—reeasy to form into desired shapes.
—-m’:ym'inSOIubIeinall common solvents.

":‘.r.' o’ - - :
‘eptual Check Point:

of Metals

Meml 18 a crystalline solid in which metal atoms are closely packeg in g
P gy, etallic lattice). A metal may be regarded as an assembly O Positive
uctyf,s “onsidered ag spheres, which are packed together to fi] SPace aq
‘ TO : Posmble .
| B ?m!and the close packing of atoms n metal structures, let yg consig
o by, If a number of solid spheres (or metallic balls) are Packeq iner
a

(233)
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hx iy ":’]‘Own in figure 6.5, when the box 18w ell shaken, the balls will g,
shown in figure 6.6, The rearrangement olballs in figure 6.6 18 more smh{é:an "
closely packed than figure 6.5. “dmm

Metals have three major types of crystal structures:
1) Face centered cubic structure ii) Body centered cubic structure.

ii1) Hexagonal close packing structure.
1)) Face Centered Cubic (FCC) Structure

There arc eight atoms at ¢ach corner of the unit
cell. Each atom is shared by eight unit cells. Hence each ato

to the unit cell. There are six atoms inthe center of cach face and eachatom s ‘.a

by two unit cells. So each atom contributes one halfto the unit cell. The tmalM
|

m contributes onead

ofatoms perunit cellis (1< g+ 1y6—143= 4 )four.
8 : One-cighth of ga #ie®

One half of an a0

Figure 6.7: Face centered cubic structure nﬁd

Every atom in the crystal is bonded with twelve ncighb.ouﬁwﬁé’
coordinafion number 1s 12. In this case 74% of the available volume 1505

the spheres. Examplesare Ag, Au, Ca, Co, Cu, and Ni. J
Body Centergd Cubic (BCC) Structures o

[n body centered-cubic structures, there is one eighth of an atom al

(234)
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W e
perumtccll 18(z x84 %] = 14

— |
’ = 2)lwo,
\fstoms ) twy

One-gighth of an atom

One atom
¥ Figure 6.8 Hud_\‘ centered cubic sty Rt

The coordination number is 8, In this ¢

asc only 68% of the available volume
soccupied by the spheres. Examplesare i Na and K.

) Hexagonal Close Packing Structure (HCP)

s consider, the atoms of metals are arranged in the form of layers. [n HCP, the
Wind bottom lavers have seven atoms where six atoms arrange themselves in the
e of'a hexagon and a seventh atom sit in the middle of the hexagon. The atoms
tlke top layer (third layer) are exactly above the bottom layer (first layer). The

Nlelayer has three spherical atoms, The spherical atoms of the fourth layer are
“llyabove the middle (second ) layerand soon.

Figure 6.9: Hexagonal close packing structure
%S‘t Packjng efficiency is 74%. Every atom is bonded with twelve
2 Inati 3 cample, Ba, Ca, Mg and Zn are
ha"izc;in lh;:coordmanonnumber is 12. Forexample, g

(233)
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6.5.4 Molecular Solids
The solids in which atoms or molecules are held together by ntermoleeyfy
are called molecular solids.
Examples are solid NH.. solid SO., fce.sol i CO, (dryice), L ete,
These solids consist of two types of molecularsolids.

2 _
., o
- . -

Both covalent solids and molecular solids contain co \-"a‘lcm bonds. The covalen e
are not broken during the melting of molecular solid. The higher the melting Py

molecular solids the stronger the intermolecular attractive forces.
i) The molecular solids which have dipole-dipole forees and hydrogen ,
between their molecules are called polar molecular solids. Examples of ‘sudy.-\\’
areice, sugar, solid HF etc. 3
ii) The molecular solids in which molecules are held together by _f
dispersion forces only are called non-polar molecular solids. Exampleg;g_
solids are I.. S,. P, solid CO, (dry ice), the solids of group VIHA
elements such as ncon etc.

Properties ]
i) They are soft and can be compressed easily. This is due to weak oS8
attractions among the molecules. _ b
ii) They have low to moderately low melting and boiling points. Most 0H#E
molecular solids melt below 200°C. They have low heat of fusion, b
jii) Theyare yolatile innature and henee, have relatively high vapour pressurt
iv) Theyare poor conductors of electricity and are not malleable.
y) Theyhavelow densities. E
vi) Polar molecular crystal.s are soluble in polar solvents and mo¥
molegu]afcrystalsnarc soluble innon-polar solvents. |

Structure ofIece Crystals e
The familiar example of molecular solids is ice. The structure of lee 15‘10;.
bf diamond. The ice has regular hexagonal rings in which water molecu.i.,, f
together by hydrogen bonds. Thf{ water molecules in the s.trm:l‘urt'-’(‘;vr e"};-; .
themselves ina regUIEll' manner in such a way that empty spaces ty .. :
[ence, 1€€ ocecupies 10% more space than liquid water and its den?.mﬂﬁ
This means that there are ‘fewer molecules, and hence 165
(236)
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o wolume of solid (ice) than i the same volume of liquid water. Water has
?“:nﬂll\ high heat of fusion dm‘_m presence of strong h vdmgcn"bcmdingambgils
ales. The |;;;y..: amounl n! hc.:nl Is released in 'lhr:' process of fremng (The
apyerston of wates m-lu ;ul W ':It‘h 1 used to save crops from freezing by spraying
;h;"" with hqmd W .‘l(.L‘l. |. ( L.-!(I‘M ‘l.“l this rcur«‘m citrus frun growers spmy their trees
o aleron ‘.Ol.d nights to profect !hc tree from frost damage. When water freezes
a0 the siface ol lcm"tfs l‘! gives ofl energy which is enough to save the tree from
L heat of fusion of water is the highest of all molecular solids except
MO
fabte 5101 Comparison of the Propertics of lonic, Covalent, Molecular and Metallic Solids

_ Hard, brittle, high melting NaCl
Force point (400 to 3000°C). K :50,, |
of attraction poor conductor of heatand | CaCOy
electricity |
- Very Hard, high melting | Digmiond
TR | point (1200 to 4000°C ). ! Silica (SiOs),
Covalent bond poor conductor o heatand | Silicon,

Celectricity | carbide (SiC)

‘Soft, low to moderate Sucrose, ice,

| melting point (:272t0 solid CO-,

400°C), poor conductor of | solid

Variable hardness form  Gold, iron,
All metallic
| elements,

e . o S sos; the water within a cell expands and
i «m ku';:'l’t in the ﬁ;g“‘ i meﬂ)in the pipe bursts the pipe. When the

ek o oy with Jjgh water content like spinach froezes, it will be damaged
L1 it‘ '_ Y R :

ol
Unfresze
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sical state of matter and has definile shapg

iﬁ’absﬂy”packcd and lockc(! at their pomnon)
¢ir particles have to and fro motions.

ervstalline or amorphous. LTyStas
ciles where amorphous solids fach

SRHNCTIS
| 1Y
A |
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ions and Problems

.-.‘ _ et A 'l v . . alp g ‘ " -
fourinswersare & ven for each question, Select the correct one.

) . Crystalline solids are also called
(a) True solids (b) pseudo solids
() glasses (d) amorphous solids
iy Which of the following isamorphous solid?
(a) Sucrose (b) NaCl
(c) rubber (d)SiC
ity Solidis made up of
(a) Atoms (b)1ons
(c) molecules (d)all of them

The process irt which same compound is present in more than one

w)

crystalline forms is called:

fa) Allotropy (b) anisotropy

(¢) isomorphism (d) polymorphism

v) Isomorphshave

(a) same physical propertics  (b) differentphysical properties
{¢) same chemical propertics (d) different ratio of atoms

vi) Solids thatcan be drawn into thin wires are called

(a) Ductile (b)malleable
() brittle (d) flexible
Vi) Which one of the following has the highest value of lattice energy
(a) Nal (b) NaBr
(&) NaCl (d) NaF
vii) Which one of the following isa polar molecular solid?
(@) Dryice (b)ice
| :_(9) Phosphorus (d)sulphur
B cubic system, the angles
0 oz Bryg00 (b) o0 =p=1#0"
(C) u:B =Y=‘900 (d) o= ﬁ-‘: 90°, y# 990
:3) Which ofthe following is NOT the property ofsolid?
(b) ul;:‘d.‘?ﬁnitc melting point
) high density

(d) :e extremely low rate of diffusion
1€ high expansion on heating

(239)
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£):3:

Q.5

Fill in the blanks with suitable words given in the brackets.

1)  Theword amorphous means ( “““10"'USS:'shapelesS)
property. ( Isotropic/anisotropic)

shape. (cubic/monggjy:
in  thombohedra] $ysiey.

1) Cleavageisan

i) Sugar crystallizes in
i) All the lengths are
(equal/unequal) |
v) Crystalline solids have ordered _ dimensio
arrangement of particles. (one/three) ﬁ
vi) The orderly arrangement of particles in crystalline solids §
in different direction. (same/different) 1
vii) The cubic erystals of sodium chloride change 1o needle like if'l‘s
~ isaddedtothe solution as impurity. (urea/lime)

viii) In solids, the atoms in the lattice are displaced easily wit
respect to each other. jonic/metallic)

ix) In solids. the electrons are localized in the
(metallic/covalent)

x) Waxistheexampleof solid. (crystalline/amorphous}

Label the following statements as True or False:
i)  Solidsparticleshave low kineticenergy as comparedto liquids:
if) Heatisabsorbed whena liquid is changed to solid.

iii) Plasticis the example of crystalline solid.

iv) Crystallinesolids canbedivided into seven crystal systems.
v) Sixparametersofunitcell are called crystallographic glements:
vi) The branch of science in which we study about crystals ¥
crystallography.

vii) The particles insolids have translational motion.

viii) ]‘ransition temperature is for compounds only. |
ix) At‘me-lling point the solid and liquid phasés existin equilib’im"t~
x) The molecular solids are goad conductors of electricity 1 the®
state. |
What are solids? How Kinetic molecular theory explains the beha!
solids? g5,

Define erystalline and amorphous solids. How does a crystd
differ froman amorphous solid? Give cxan;plcs ofeach. |

(240)
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Explum the foHow Ty

i B cach case.

| i) Geometrical shy pe
i) Cleavage plnnu;
V) Crystal growih

} Vlj) Symmetry

|’ol‘np¢mm (y

%) Polymorphism :;") isl;:;no Pl
_ ;2“ 'T‘ransmoutempcmture iy oy
% ,'n, L8 the difference between (a ol
il (b)aliompymldpbf)ﬁnomhnm" S pol. i
:'?a.‘ '%utdnthctennsamorphous isomor:
Q9: Whatis a unit cel]? Explain the sjgn;
lhemﬂmal using NaCl as an example.
escribe Wnrions"tyi)‘es of erystal systems and drav the
ous crystal systems?

phism and polymorphism myean?
ficance of the unit cell to the shape of

shapes of the unit

2ct .‘ 'glsea model, How the electron sea model secounts for |

s

€0l jdﬂcbvnty. thermal conductivity and lustrous surfices

) 4. Whm types of attractive fowes exist among these ,
s their pfmertics. What do ‘you think are they water soluble A

alent solids? Discuss their properties |
mﬁm Sﬂﬁds? le the characteristic properties of metallic |

r '561*(&#?@% their properties. :
m‘indaa&gmmuy harder than molecular solidy®
% ':':-‘tm,gl altminum bow! do not breaks when

zwofmfmoﬂw
ays each ofthese seis of properties
07, “ m,widqmgwftcmpcmmre
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Q.22;

Q.23:

Q.24:

Q.25:

Q.20:

(6) Do not conduct electricity in solid state but are good condus

solution form and in molten state.
(d) Softand meltscasily and the solid does notconductele rici

Quter appearance of both the crystals looks similar but mel
sucrose (186°C) is many times lower than sodium chloride (R01%
What types of attractive forces arce there between the particlesof?

(a) covalentsolids
(b) ionicsolids
(c) metallic solids
(d) molecularsolids

Classify each of the following substances as conducior, e nicondub
non-conductor: :
(a) Germanium (b) sulphur (¢)silver
Define coordination number. What is the coordination num
atom in face centered cubic sructure, body centered cubic st

hexagonal close packing structure?
Explain the following with reasons:
(a) Solids have very low vapour pressure than liquids.
Amorphous solids are termed as “super cooled liquids”™. ‘
(c) Crystalline solids have ting points ¥
morphous solids donot. o
(d) Cleavage {5 an anisotropic property.
(e) Metallic solids are good conductors of electricity.
(f) loniccrystalsare shattered when struck byahammer. '

sharp and distinct mel

(242)
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ermible Reactions ind Dynamic Equilibriu,
: ting Equilibrium (Le<Chatelier's Principle)
ustnial Applications of Le-Chatelier's Principle (Haber's Process)
ty Product and Precipitation Reactions

* Befine chemical equilibrium in terms of a reversible reaction. (Remembering)
¢ Wnte both forward and reverse reactions and describe the MACTOSCOPIC
aracteristics of each.(Understanding)
b Snte the necessary conditions for equilibrium and the ways that equilibrium can be
teeognized . (Understandin o)
¥ Deseribe the microscopic events that occur when a chemical system is in
el ety Understanding)
' Wito the equilibrium expression fora given chemical reaction (Understanding)
hale the: equilibrium cxpression in terms of concentration, partial pressure.
' Rherof moles and mole fraction.
I e expression for reaction quotient.
b “m"lle‘if'the equilibrium constant will increase or decrease when temperature is
| "‘WES' stven the equation for the reaction.(Applying) _
wg’iaﬁnncroscoplc events that account for observed macroscopic changes that

‘cd,‘{“"g ashiftinequilibrium.(Applying) . \ _
..,-"lnlib,?'c Hhe reactants or products are favored in 4 chemical resction, given the
't g Canstant Analyzing) |
gy % telier's Principle and be able to apply 1L 10 Systems in ¢qu thbrium with
j"".“tl, "\l: !f{()ncen tration, pressure, temperature, or the addition of
Ndf‘n ]ﬂd D}mg) . ’ e - EERs
| t"mhlil': "_s‘fjal applications of Le-Chatelier’s Principle using Haber's Process as
‘ﬁ”wf L Yeing)
M ing e"lﬂa?n Solubility product (Understanding)
“Plain Common ion effec! giving suitable examples. (Applying)

"
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~ Introduction
The digestion of food in our body, the rusting of iron, the spoilage of milk gng.

other reactions occur in our daily life. A large number of rcac-tionsarecw,%]
different industrics which give us a large number of useful products likgﬂg:
fibers, drugs, dyes. soaps and detergents and many other useful pmdueﬁ‘jsﬁ
reactions are reversible while others are irreversible. -.
The reactions which occur only in one direction are called 4
reactions, In these reactions. reactants are completely converted into prody

produets are not reconverted into reactants. These reactions go 1o completion |

are shown by putting a single headed arrow (————>) between the reacmw
products. Examples of such reactions are: 5
n EH:(‘)W flectric oischarge > 2H. 2 ) va
1) AeNO,, + NaCle —— AgCl  +INaNl Sy
i) Buming of fuel

\ iv) Digestionofiood

; A chemical reaction which occurs in forward as well as reverse direciios

2 called reversible reaction. In these reactions, reactants are converted into prod
and products are reconveried into reactants. These are slow reactions. T
reactions never go to completion, hence called incomplete reactions. Th!!
shown by putting the double arrow with double barbs (———2) pointing in ope*
directions. between the reactants and products. The double arrows of equal et
also show equilibrium. Examples of some reversible reactions are:

Forwud  reaction

>
L= P = 22
i) F 13'-0' I*"' T Réverse reaction ““"'
T;N Farward reactiig o
i .w +- ” ( - { 2 ‘ W
") N“ﬁ’ o Reverse reaotfon H"”‘

Foesward teastion
———2 28()

l“) ZSO:uH i U:.‘,;) e Ravetee redniivn U

- Forward reaction . :
IV) H:Um - H-‘O'u

‘.._...
Jreverse reuction

All chemical reactions are considered 1o be reversible and they ‘“c.’“"
of equilibrium under suitable conditions. A reversible chemical ©70,
dynamlc profcss. [he word‘equilibrium means “a state in which 0P A*
.ﬂ.mb.alanged It may be static (at rest) or dynamic (in consta'ntmﬂﬁon)' vﬁ"g
f;ingﬁ,!‘affes‘ i the example of static equilibrium and the earth that r¢V°l 4
he sun is the example of dynamic equilibriym, i |

(244)
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BE -
;1 ReversibleReactions and Dynamic Equilibriom

71,1 Coneept and Explanation i

The sBte in which the rates of forward and reverse reactions are same and tbc
qucentrations 9F I_fw reactants and products remain unchanged with time is called
,;hemical equilibrium. Chemical equilibrium may be physical or ‘ch'cﬁ"xica!'.
| pquilbrium between two phases of the same substance is called physical
pquilibrium becausc.: the changes that take place are physical processes. The
. yersion of water into vapours in a closed container at a given temperature is an
eample of physical equilibrium. The rate of evaporation is higher than rate of
madensation at the start when water vaporizes within a closed container at constant
lemperature, but after some times, the rate of evaporation becomes equal to rate of
condensation. At this stage liquid and vapours ar¢ in the state of dynamic
wuilibrium i.¢. the number of molecules leaving the liquid surface is equal to the
sember of molecules retuming back to the liquid. At equilibrium the pressure
aerted by the water molecules at a given temperature remains constant and is
wlled the equilibrium vapour pressure of water.
Liquid (water) & EofoRin Vapours (steam)
l.- Condensation
Chemical equilibrium is a dynamic state because reactions continue to oceur,
hbecause they occur at the same rate, no net change is observed on the
Macroscopic level,
- The study of physical equilibrium gives useful information such as the !
‘mj'b!iu'm vapour pressure. However, chemists are particularly interested in
; C?I»equibdum processes because they are involved in many biological,
C8nal, and environmental processes. Consider the reversible reaction which
| Ives the decomposition of colourless frozen dinitrogen tetraoxide mnto dark

MInitrogen dioxide:

. When Some amount of pure N+Q, is placed in an evacuated flask at room
,m“" Some brown colour gas appears which shows the formation of NO,
L concentration of NO2 in the flask increases and the brown colour

."--'-'H;‘,’we"fer,lhe reverse reaction can also starts. As the reaction proceeds, the
dl : 1

b On of Teactant (N.O,) goes on decreasing, so the rate of forward reaction
s siig. O the other hand, the concentration ol product (NO, ) goes

hq%md“’m
l

"

*SOthe rate of reverse reaction also goes on increasing. When the rate
(745)
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-9 pf“forward reaction becomes equal to raie ol Feverse rcacti?n. the reaction reash
%mfe of chemical equilibrium and the concentrations of reactants and p‘%
become constant. Now the change in colour is stopped. h‘l fact, you sce iy 4
change at this stage, although the forward and reverse Ircfac.nons are going@u; f,
continuing forward and reverse reactions make the equilibrium a dynanic prog

All chemical equilibriums are dynamic. Onee the state of chemical equilibh.
°Stabhshed itwill last forever i f conditions are not chm!gcd. p
Considera general reaction, in which A reacts with B toproduce Candgy

e

‘ tlr'b p-
b \

;

Forwad roaltion . p

R R e ' { ) L 9
(me“ Rovorse reatnm { Prrodhoctss

Let us consider initial concentrations of Aand Bare cgual. The comenn&;g '
of reactants A and B decreases and that of products C and D increases when reatiy

proceeds in forward direction. Hence, 10 % it
4 b1 % ] seab |
the rate of forward reaction gocs on - :; \;':} o
S ; b,

decreasing while that of reverse |, \07§§
reaction goes on increasing and a point - - |
is reached at which rate of forward * | * Y/ ]

« 22|04
reaction becomes equal to ratc of :‘ o3 .3{ \ Wa

reverse reaction. This is called w1y f&8
equilibrium point. At equilibrium. SIEA

product and reactant lines are paralle] R R °"
to each other. The change in Figure 7.1: Concentration-time Gragh

concentration of reactants or products is called rate of reaction. .

The mixture of reactants and products in the equilibrium state IS K07
equilibrium mixture and the unvarying amounts of reactants and products areE
equilibrium concentrations.
” Table 7.1: The Explanation of the Characteristics of Equi

-

um Sae

- W . | < & . % %
B e A I S o o St L o | [ I gl D N e~

reactions are roceed in both R

o e ) B
-

The reactions can p:
reverse directions.

tales are equal (both forw?
reactions are still mkihsph“‘“

e ]
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o a *"" o 0f Equilibrium State I TR
/[{cmlu“’?'c PrOCEsSEs cantinue  The rUM;rdaﬁdmcm,“é R
_ but nothing appears 1o bchlw §

the forward and reverse reactions occi

™

L same rates. ~ !

| _‘_._”_,.—'—7,_————.—‘——. e — —as ST e = 3 —t
Fquilibrium isachievedina closed system A closed system is 3 system that does notal ow
the exchange of matter with the surroundiqy,'

%
so the equilibrium 15 attained where bﬂd’

| - reactants and products can react and recombine
with each other.

r-\rE;;;amzentpmlousm’g:nmdu«:tssmd reactants | There is no change in the concentrations of
| pemainconstants tequilibrium reactants or products m a system of dvnamic

B _ . cquilibrium, They are being produced and

destroyed atan equal rate. Equilibiaum does not

 mean that concentrations of reactants amne
| products are all equal. ,

The same equitibrium mixture will result under

the same conditions. regardless of whether the

reaction is started with all reactants, all’
i products or amixture of both. For example, the
proportions of N, Hyy and NH,,, arc the,
same at equilibrium no matter whether the
reaction is started with N, .. Hy, or whether
the reaction is sated with NHy, oF mixiure of
both.

i Whﬂmﬁu be approached from either
side :

| =

| W&&\dg not affect equilibrium Catalysts speed up the rate of forward and

| tomcentrations | | reverse reactions equally. We get the same

o ShaEEe concerttrations of reactants and products at

NS | equilibrivum, whether the catalyst is present in
: the reaction mixture ornot. :

e ————

j’pa 0f Chemical Equilibriums
. tetwotypes of chemical equilibriums:
vgeneous Chemical Equilibrium
bdf‘l‘qmbbnmn in which reactants and products
" '9Mogeneous chemical equilibrium. For example,
:j%*‘O,m =2 zNolgl
3t 2 3NH,,

=ceous Chemical Equilibrinm

Bical equilibrium in which reactants and products are in different

es is called heterogeneous chemical equilibrium. Forexample:

(247)

are in same physical state is
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7.14.2; Law of Mass Action and Expression for Equilibrium Cg,

——

4

law of mass action was postulated by
professor of applied mathematics and technology
Cato Maximilian Guldberg and professor of
chemistry Peter Waage in 1864 at the university of
Oslo, Norway. This law states that:

“The rate of reaction is directly
proportional to the product of active masses of the
reactants”,

By active masses we mean molar
concentrations of the reactants and products for |
dilute solution. It is expressed in moles dm . C. M. Guldberi

; : Pater Waiy
Consider a general reversible reaction, (1836-1902) ( [$33- 1900
Forwaed =
R a2 C +D
Reverse
{Reactants) { Products)

According to law of mass action, the rate of forward reaction is direely
proportional to the product of molar coneentration of reactants A and B.

R, = [A][B] or

R, = K [A][B]

Where, K, is the rate constant of forward reaction, Similarly, the r&® i
reverse reaction is directly proportional to the product of molar ¢ oncenmﬁo’*"t
products C and D.

R, « [C][D] or

R, = K [C]D] |

Where, K, is the rate constant of reverse reaction. At equilibrum state, B
forward reaction is exactly equal to the rate of reverse reaction.

Rate of forward reaction = Rate of reverse reaction

Rk = R
or K [AlB] = KJ[C][D]
K, _ [CID)
i K, [A][B]
(248)

Scanned with CamScanner



o

_[C]D)
o K TATD)

~_ Product of molar concentrations of products
oo K Product of molar tra

concentrations of reactants

K, I8 called equilibrium constant of the reaction. Itis defined as: The ratio of
concentrations fproducts to the concentrations of reactants atequilibrium s called
Lpuilibrium constant. It has concentration of products in the numerator and
t@gcmmti‘on of reactants in the denominator. In gascous equilibriums,
wpcentrations of gases are shown by partial pressure and K is used instead of K..
&gidenhemore general reversible reaction: : |

SA+DB - ——= ¢cC + dD
- Where a, b, ¢ and d are the coefficients of balanced chemical equation. At

cquilibrium state,

— Concentration of products
[CID)°
AT[BI
[AT] l\

Concentration of reactants

Equilibrium constant

- Product of concentrations of products (raised to power equal to coeffcients)
i * Product of concentrations of reactants (raised to power equal to coeffeients)

The coefficients appear as exponents (powers) of concentrations in the
Wation of K .

haracteristics of Equilibrium Constant i
Equilibrium constant is independent of initial concentrations of reactants and
Hesata given temperature. ; s
2 ,“ does not depend upon the direction of reaction. The same equilibrium
“4tvalue is obtained whether the reaction is started from the reactants side or
;"C'Produczs side.
]!5""310.6 changes with temperature and is constant at constant temperature.
" vajye depends upon the coe fficients of reactants and products in a balanced
| .n:“_}llalion, ~
! 1€ higher value of equilibrium constant is the indimtion of higher value of
) 'th:s%mm to the reactants atequilibrium and vice versa.
" Molar concentrations of pure solids, pure liquids (in heterogeneous

{243)

Scanned with CamScanner



T
s! v
s

| . 7
'equmbﬁa). and solvents (in homogeneous Ctll"hh”a) do no apmm
Equilibrium constant expressions
Units of Equilibrium Constant ‘
When the number of moles of reactants and producls in bﬂlanced &
equations are equal, then K_has no unit. For example:

CO + [I‘)() (_—_” (('1 ' “3
A =3
[CO,|[H,] (mol dm “)(moles dm ™)

[COJ[HO] (mol dm ")(mol dm )

T

= No usy

When the number of moles of reactants and products are unequal, thess
has units. For example:

1 (mol dni*)*
£ [Ns] [H?_]-‘ (mol dm ™ ¥mol dm )’
(mol“dnt™)

(mol dm* Y(mol'dm *)

mol‘dm *
mol*dmi*?
= moldm "
= mol *dm** ’

Butinusual practice, the units of K_and K., are not written.

7.1.3 Relationship Between K, K, K andK,

Relationship Between K_and

When concentration of reactants and products are taken in molﬁsr“g;

equilibrium constant is expressed byK,. Conside ible cea®
A+B — CipD tthe general revers
Hence. ;
_ ey o e
g gt e or R o= SeuGp |
LI e |
A-Lp
Square brackets or (' ; 3
q I. e show mOId'COIlcenlmtion in mo]esdm w3
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wnccnlfﬂliﬂﬂ of each gas is taken in termy of partial pressure. and the equilibrium

constantis expressed by K.,

2
K - P(-L J l)l‘) ( .
; e A ST AN 1)
P.‘\ . P 33
Wwhere P, 1s the partial pressure of gas A and P, is the partial pressure of gas

B
| The value of K _1s generally different from K because the partial pressures of

reactants and products are not equal to their concentrations expressed in moles per
decimeter cube. If we know the value of one, then we can calculate the value of the

ather by using the general gas equation.
According tocombined gas law:

PV = nRT or

P = RT)

4
The conventional unit forn/V ismol/dm’ that is equal to Molarity.
Hence, for gascous reactants A, B and gaseous products C. D the above

fquation can be written as:

P, =E\!}(RT) or P, = [A](RT)

R & =ﬂvﬁum or P = [BIRT)
P = P\'TC(RT) or R = [CI(RT)

P, = Z2(RT) or B, = [DIRT)
By putting the value of P, Py, P and Py,
x . [CTRTY. [D]RTY 2

" [AF(RT). [B (RT)
-k - [CrD)RD) o
[AT[B]" (RT)" "
K = [CFDY o ctd-arb)

= =L R

(AFB]

i - ] | d ' L4 - ‘ .
L\DJ~ = K . hence the above cquatlon can be
[A]‘[B]b 2 ./ - (251)

in equation (1), we get:

-

writien as,
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Where. R (s gcncml gas constant, I'is absolute tcmpcmmand ¥ |
in the number of moles between products and reactants of gases, So, Am-’ﬁ
An = (ctd)-(ath) | : |
An  =(Sumofmoles of gaseous products) - (Sum of moles of £2aSemyg

When number of moles of reactants and products are €qual, they

3

tozero.and K = K.

(a) N204 (g) € 22 N02 L)
(b) N, + 3Hyy 2 > 2 NHy
Solution: . i
@ K =D
NG i
As weknow, | ,
K, = KT 1
Hence. Qﬂl a

"ol
N
=
L - [NH]

Asweknow, ‘ ! 3
K, - K(RT)"
K, = - (R’ 2 Ty e _.444-2 !

(252)
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Remtionshlp between I and K .
ycoording © Dalton's Law, tlu. partial pressure of a gas is ¢ qual to the

mole fraction and total pressure, e -

P =X.P

Where, P, is the pamal pressure of a gas, X, i the mol % fra dfa ,

= X\ Py
Py = X Py '
P = Xc. Py ~
PD‘ >= XD . P’l
~ Byputting the value of P . Py, P and P mequatwn(l) we get
K, = (chr)c(xgt)d s
T XNRXpR)
e XX P )
R (XAXX B)(P )'ll 8 )
KP = W)(xg) (P )(cfd)-[n-rb)

(Xn)(xa)

K o=k@) ™Y o K=K i
, I“"f’i('llems&ahaof‘agm:, |

o uom(iii)
. QLG (LR AR
5 of reactants and products are equal, then An 18 equal

(253)
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Relationship between K, and K,

When concentrations of reactants and products are taken in terms of n
moles, then equilibrium constant is expressed by K, . According 1o Dajty
mole fraction of a gas is equal to number of moles ofa particular gas dividegy,,
aumber of moles of all gases present in the mixture. ;

n‘
X, =
Ny

Where, X, is the mole fraction of a gas. n, is the number of moles of3 pu -
Ny is the total number of moles of gases. We know that, |

Pi == Xi > PT )
Hence, by putting the value of X, in this equation, we obtain
po=_i

e

For the reactant gases (A and B) and product gases (C and D), the equa
will be: |

R L 2,
PA n; * PT
n
P, = =& p
B n.r I
Nn
==
Pe = 3 B
_ My

By putting the value of PaPa, P, and Py in equation (i), we !
fic pye(MD pod ' |
(nfl‘ 2 'l') (l]_r_ PT)

n - va Al e
(ﬁ% P) (ﬁ% .PT)h
N n it
OBy
p- oM e
(a2 0GR (B

K. =

P

or

As, (@'!Q)( )
Ny’ 51‘) s
N

(254)
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i S : e
- Ky(Py) o K= KPy
Far one male of o gas,
0\

=

1wf(\feg Ay
,(BT)'

kr '\l‘ \:
When number of moles of reactants and products are e

w0, andatll the cquilibrium constants have the sam
K“ K,. o K—l = K'n

14 Calculation of Equilibrium Constant

gibum constant of chemical reaction is calculated from the values of

auntrtion or partial pressures at equilibrium, In cases where the equilibrium

simtis known, the concentration or partial pressure values at equilibrium may
thermitied.

disssavieiniicns (1V)

jual, then An is equal
e values, hence

&M‘;ﬂ@ﬂhiﬁeﬂi@nﬂfe\ctmof fertilizer, is prepared by the reaction of

il'Eﬂiﬂll!dhydrogen gases. At equilibrium, the concentrations of nitrogen,
8, and ammonia are 0.030M, 0.037M and 0.016M respectively
ey mw;_tt;:,—@&u-soow for the reaction given below:
h N;.m e Hzf_ﬂ = NH;L,”
- emmtionofnitrogen = [N;] = 0.030M

eitraty ‘ﬂ;dfhydmgm;: [H)] =0.037M

onofammonia = [NH,]= 0.016M

0 -"%Iq;teac‘tion =2

L.
-

_ Nzw + 3Hy " ZNHy
ation (M) = 0030 0.037 0.016

= 168,46 or 1.68%10°
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ractice Exercise 2: o
gene gas (carbony I chloride, COCL}is alughly;

~.‘\Isedmjlw Fu'st World War as a chemical w
there reaction o of CO and C1, gases. At equilibr
€l and COCl, are 0.011 M, 0. 045M and 0.

ueo ,_K,tatlﬂﬂ”’Cforthereacuon givenbe
+Cl2‘g,——(_:L""

Calculate the concentration of SO; gas, used in the manufactuteﬂfﬂé 0, vk
the help ofthe reaction give below: T

The concentration of SOa gasis 0. 59M and that of O, gas xso 45M.7

of this reaction is4.32.

""L,‘ L

 Solution:

ConcentrationofSO, = [S0;] =

Concentrationof SO, = [SO,] = 0.59M
ConcentrationofQ, = [0,] = 0.45M

Value of K. =432

Atequilibrium,

2502(3) + _02(8_,4 — 2803
[50,f
or

K ;
(SO, 0]

(S0,J° = K, [S0,]70]
By putting the values we get,
[SO,T = (432)(0.59)(0.045)

[S0,] = 0.0677
By taking under root on bothsides we have,

(80,] =+/0.0677

L [So,] = 0.26M

258 =
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reactions can be used to determine:

7.1.S Importance of Equilibrium Consta
The equilibrium constants of
1) thedirection of reaction
i) theextentof reaction,

fotatequilibrium is called reaction quotient (Q,). R 4§
The ratio [CT'[D]*/ [AT'[B]"at equilibrium s equal oK _.
The ratio [C]'[DT"/ [A]'[B] thatis not at equilibrium is equalto Q.
We say that, the reaction quotient is an expression which has the same form
i the equilibrium constant except that the concentrations in reaction quotient are
10t necessarily those at equilibrium.
The equilibrium quotient is also used to determine whether the reaction is at
*quilibrium or is not at equilibrium, The reaction is at equilibrium when Q_ is equal
OK(Q.= K.) and the reaction is not at equilibrium when Q. is not equal to

K(Q# K.

The reaction quotient is helpful to determine the direction of reaction, We
0 determine the dircction of chemical reaction by comparing the values of Q_ and
& There are three possibilitics:
The Qcmay be less than K , greater than K orequal kK .
i’, If Q. is less than cKc (Q, < K,), then reaction will proceed in forwarg
frection (from left 1o right) to attain the equilibrium.

‘ 3A+[)B —— eC+dD : 3 :
U Q. is greater than K, (Q. > K,), the reaction will proceed in 5 reverse
(257)
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direction (from right to left) o attain the equilibrium.
aA+bB ———— cC+dD ‘
iii) I Q, is equal to K, (Q, = K,), then the reaction is at equilibrium | Wi
not moye in any direction. »'.
aA+bB —= ¢C+dD

Determination of Extent of Reaction

Extent of chemical reaction means that how much reactant is converted intoprogy

at equilibrium. There are three possibilities: q 1

i) If K_is very large: [tmeans that if K value is greater than 10" (K>10') e
forward reaction takes place to greater extent and reverse reaction g

place to smaller extent. The forward reaction is almost near 1o co’mplelimLFG:

PRk 20ve——2'30

3
K. = o = =107 a25°C
[04] |
The equilibrium constant value for this reaction is very large which S8
that the concentration of product is very large as compared to the concentraist

reactant at equilibrium. The large value of K_at equilibrium tells us that the T
amount of reactant is changed into product. 3
i)  IfK_is very small: Itmeans that if K _value s less than 10 (K<)
reverse reaction takes place to greater extent and forward reaction takes PU
smaller extent. For example:

HR e——2 H, + F

(H,]IE]

K. = 3 = lﬂ” at 2000°C

e |

The equilibrium constant value for this reaction is very Small Wh'.'

that the concentration of product is very small as compared to the conce? o
reactant at equilibrium. The small valye of K_ at equilibrium tells 1S hat
quantity of reactant is changed into products, |

jif)  IFK,is neither very large nor very small: It means that if K<

range of 10"*t0 10°, then both the forward and rey erse redctions take lacet
an cqual extent. Forexample:

\fal“‘f

(758)
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(a)

NO,|’
Ko = Nop ~ 036atasc
294
o Nt 0y &=——= 2NO
2
B tor o
T Ngog - 1t 2000C

Atequilibrium, the molar concentration of products and reactants are almost
equal.

7.2 Factors Affecting Equilibrium

The ratio of products to reactants in the equilibrium mixture is known as the position
of chemical equilibrium or equilibrium position. The ratio of the reactants and
products can be changed by changing the conditions of a reaction at equilibrium.
Many useful chemical reactions are reversible in which the reactants are not
completely converted into products and the amount of products decreases. The
chemists are interested to increase the amount of products by shifting the
equilibrium in forward direction. The factors that affect the equilibrium state of a
ehemical reaction are concentration, pressure and temperature. The effect of such
thanges on equilibrium state can be best explained with the help of Le Chatelier's
E_'}f,lﬂl,g., ¢ T S T \ g% \j

LeChatelier's Principle > ——

Fatelier was a French chemist specialized
i mining engineering and interested in glass and ceramic.
studied the effect of concentration, pressure and
ture on a number of reactions in equilibrium state in
- This principle states that, if a system in equilibrium s
by some change, the system will shift so as to
eract the effect of the change. : Henri Louis Le
~ This principle can be applied to all types of dynamic | C@:ue'ligr
libriym i.e. for physical and chemical systems. (1850-1936)

Pplications of Le-Chatelier's Principle R
'" U5 explain some of the most common applications of this principle in the
IWing changes,

(208)
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T1.2.1 The Effect of Concentration Change
Consider a system is in equilibrivm:
aesp = C+ D

(Reactants) (Products)
1) Ifwe increase the concentration of anyone reactant Aor B or both of them o
the reaction moves from lefi to right in forward direction. The equifipy "
reestablished with a higher concentration of product.

i) [Ifwe increase the concentration of anyone product C or D'or both of
the reaction moves from right to left in the reverse direction 10 ncrease the aram
of reactant at time of equilibrium. -

iii) If we decrease the concentration of reactant A or B or both of them, (hege
reaction moves from right to left in reverse direction. This effect i reduced o
decomposition of products to produce reactants. -

iv) If we decrease the concentration of product C or D or both of them, fen e

reaction moves from left to right in forward direction forming more product

equilibrium is reestablished.
In all of the above cases the equilibrium position changes dug 10 changeind
concentration of reactants and product. But the equilibrium constant (KJ

does not change when we change the concentration of reactants and products. 3

Consider the example of the reaction of equilibrium mixture of N,, H, and ¥
Nz«g; +'3 Hltm e NHHgl ,

If the concentrations of N, or H, or both of them are increased.
equilibrium will shift in the forward direction and greater amount of N4
produced when the equilibrium is reestablished. Ifwe remove some amouti €2

H, or both of them from the equilibrium mixture, then the equilibrium il
the reverse direction and NH, is decomposed to produce N, and Hs
increase in the concentration of reactants favours the forward reaction ¥
decrease in the concentration of reactants favours the reverse reaction. .

~ Consideranother familiar example of equilibrium mixture ofN¥:

SNt Qg —— 2NO,, .
If we increase the concentration of NO by adding some amount &%
equilibrium mixture, then the system will shift in the reverse direction: Tbl‘“

reduced by the decomposition of NO to produce N, and O,. I ¢ .d; p
,wncemration of NO by removing some amount of it from lhc.cquilib"m
then the system W‘i“ shift in the forward direction to produce mor
(NO). Hence, the increase in the concentration of products favours

{260)
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g whereas the decrease i the concenteation of products favours the forward
ol

L

B o : NGy
' Chungein Direction |
,‘l - A I.-ﬁ-‘:'?"- 3 nh- " | # . d

Tatike 12 The k l.ik.tk'l oF Cong L'_""_i_\".lf_'lt’(;]li)ll}.".\' on Equilibrinm Position snd K,
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e e v SRR
| chcpswase | Cme

122 Effect of Pressure or Volume Change
According to Le Chatelier's principle, if the pressure of an equilibrium mixture of
@ses 1s increased by decrcasing the volume, at constant temperature, the reaction
sifts in the direction of fewer moles of gas molecules. If the pressure of an
squilibrium mixture of gases is decreased by increasing the volume, at constant
Baperature, the reaction shifts in the direction of more moles of gas molecules.
Pressure or volume change produces sharp effect in gaseous equilibriums
¥here the total number of moles of reactants on the left side of equation is not equal
bibetotal number of moles of products on the right side of equation. Examples are:
formation of Ammonia
Yoasider the reaction,
Nagy + 3Hy, & => 2 NHyy,
_ When pressure is increased or volume is decreased at equilibrium, the
“lion moy pg from left to right in the forward direction to increase the amount of
“HNH,). In this case, the equilibrium position shifts to the right (product side)
*Kovalue Temains constant.

Hy &——= PCl,,, + Clyy

. w!e T pressure is increased at equilibrium; the reaction moves from nght to
directiop of deereased volume to increase the amount of reactant (PCly).

(261)
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In this case, the equilibrium position shifts (o the left (reactant side) by K nadl
constant. Ty
The effect of pressure or volume change is not applicable: |
(ay  When the system inyolves solids and liquids. T!ley are not affocted s o
changes in pressure because they are almost incompressible. Consider g gy,
the water gas (mixture of CO gas and H, gas) is produced when stegp, i
through red hot coke (carbon). "“

HiOQ + Cy ——= CO, * .H_\.p_, - _,
When pressure is increased by decreasing volume, the equilibriym e
from right to left in the direction of fewer moles of gas molecules. In this reg
1gnore the volume or concentration of carbon because itis present in solidstat,

(b)  When the total number of moles of reactants is equal to the total numbmg
moles of products in gaseous phase homogeneous equilibriums, |

Consider the following reaction, 4

Ny 1 Doy ——=2 2NO, 4

When pressure is increased at equilibrium, the rate of both the forwardal
reverse reactions will increase to the same extent and the equilibrium will ot
in any direction because the total number of moles of reactants is equal tothe
number of moles of products in this reaction. In this case, both the equilib
position and K are notchanged. . .
(¢) Whenan inert gas is added to the equilibrium mixture. When anot
gas (inert gas) such as ncon which is not part of the equilibrium system(re==
and products) is added, the total pressure of the gases increases in a rigid COE
but it has no effect on the partial pressures or concentrations of the ¢
products. Thus it cannot affect the equilibrium position (i.e. the relative amo® &

reactants and products) of the system. Nitrogen and noble gases e frequefly™
as ert gases. :

D L
pressure to the side that
' or increase in volume Mﬁ&g‘s
[ | 238 molecules :
(752
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7.2.3 Effectof Temperature Change
(hanges n concentration, pressure; or yolume alt& the
without altering the value of the equilibrium constant. The v
constantcan be altered only when the temperature of the Systemig

According to Le-Chateljer's Principle, exothermic mcﬁm'é
decrease in temperature and endothermic reactions are favaurcdby se in
emperature. A reaction in which heat is evolved is said to be exothermic w a
reaction in which heat is absorbed is said to be endothermic. For exothe: ;.'é
reactions heat is regarded as one of the products and for endothermic reacuons heat
isregarded as one of the reactants, e

()  Consider the example of the formation of nitric oxides
1 . Endothenmic
.NMS, + -0 ~ =2 2NO, .

2{i) - -
\E Exothormi

AH = +90.25 Kjmol

Here, the forward reaction is endothermic and the reverse reaction is
exothermic. In this case the forward reaction is favoured by rise in temperature and
the reverse reaction is favoured by fall in temperature. Actually a temperature above
3000°C is used to increase the concentration of product.

(b) Consider the cxample of the formation of ammonia:

Najy '+ 3Hy ) o> 2NHyyy  AH =—46.11KJmol ™!

Endothemuc

Here, the forward reaction is exothermic |
& the reverse reaction is endothermic. In this W
lmﬂw formation of ammonia is favoured by e e ;
Utcrease in temperature. The increase in  |Areac ich is exothermic
mperature .shiﬁspmc equilibrium to the left ;mmmf ?mr‘;"l:r: ]
direction and the ammonia will -deeomposeuto direction.
Produce nitrogen and hydrogen gases. Thus the =
;mmia'sl;zﬁld be .syx}llthcsgized at low temperature. But at low ten.u-aer_atu‘..,la ttlc
0ard reaction js very slow and takes a long time to reach lhccql‘“‘lb“m:;nfe :%
: fm, a moderate temperature of 450-500°C is used fo decrease e
Milbtium g g pressure of 200-300atm is used to prevent the Cfcwm;":mm)
Um0 ang hgct the sufficient amount of product (a ).

~ The effect of temperature on equilibrium mixture is summarized as, for an

!

7

Ind | uct. As a resu S
gy 565 the amount of prod ture shift the equilibrium to the

ift the equilibrium to the right
AR - temperature shift the equi !
¢ reaction, an increase 1n temp It of this, the value of K increases.
AN e o thrm: . increase in tempera
N (= e]m" ] On'anmcm - ‘ A roncoc
"‘“dincreas,esth?:;;:,m.ofreactantasﬂfCSuHOi this the value of K decreases.
(263)
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discovered that the adequate yield of ammonia is obtained

-

Table 7.4: The Effect of Temperatuee Change on Equilibrium Positia
T e e e S S ‘ | " -

 Changeto | Directionof
i ,. Changé |

T andd Kc

Em e

e

RS e

Increase in teméem?uv;e% | ilibri i

reita : Equilibrium shifts | .
for an endothermic TR
VF an cndothe; duct side |
e to the pro i)
Decrease in B e i |

, Equilibrium shifts | Chanpes
end;aﬁ\crg\_lc reaction

- M SE——— SR, T

Increase in temperature

. Equilibrium shifls | Cpanges

= i ihommic | to the reactant side | g

reaction = g

Llocregse in | Equilibrium shifls

temg,enmm for a - 10 the product side i Changes

exothermic reaction ETER laniety 1 e
7.3 Industrial Application of Le-Chatelier's Principle (Syn ‘
of Ammeonia by Haber's Process) |

Ammonia is unusually valuable compound and is used n the manufacts
fertilizer such as urea, (NH,1,CO and diammonium hydrogen pios™
(NH,),HPO,. It is also used in the manufacture of explosives guch) ﬁ"n
(trinitrotoluene), as a refrigerant and as a cleaning agent, It can also be used
manufacture of polymers such as nylon and rayon. Chemists earlier s
the ammonia is produced by passing electric spark through a mixtur® of
aRd nitrogen gases. Electiic spark

No * FHaq < 22 NHy |

But unluckily they failed to produce the maximum amour}t of '
because the reaction is reversible and its rate of forward reaction 5 Vel
room temperature. This problem was solved in 1912 by a
German chemist Fritz Haber (1868-1934) who developed
the process for the synthesis of ammonia. The Haber

by the reaction of hydrogen and nitrogen at about 450-
500°C at 3 pressure of about 200-300 atmospheres in the
resence of an iron catalyst. This method is known as

Haber’s process:
(ZB4)
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The experimental conditions must be adjusted 1o get (he maximum yicld of
ammomuin asutable tme and at a reasongble price

(i) Reactions occur more rapidly when the reactant concentrations are high.
According 1o Le Chatelier's principle, af equilibrium, an increase in the
soncentration ol any one reactant (N, or H,) shifts the equilibrium to the right and
imereases theamount of product (NH,, ).

ii) According to Le Chatelier’s principle, the high temperature increases the rate of
Lucnon. but for exothermic reactions. it shifts equilibrium to the left and
eguilibrium constant value decreases,

(iii) The total number of moles of reactants is greater than the total number of moles
of products; hence, according to Le Chatelier's principle. the greater amount of
product is obtained at higher pressures. The pressure is. therefore, increased on the
equilibrium mixture to shift the equilibrium to the right.
{w) The high temperature does not favour the forward reaction; therefore, the
merease in the reaction rate is achieved by the use of catalyst. The use of catalyst
Pb‘mces the speed of reaction. Hence the synthesis of ammonia is carried out at a
noderate temperature of about 450-500°C in the presence of an effective catalyst
such as Fe,0, mixed with KOH, Si0,and ALQ,, The catalyst is not effective below
200°C.
[¥) The equilibrium mixture has nearly 35% ammonia by volume. The equilibrium
istire is cooled by refrigeration coils below 0°C (B.P. -33°C) until ammonia
ictics. The liquefied ammonia is then removed from the reaction vessel, which
Bduces the concentration of the product. The continual removal of ammonia shifts
% equilibrium to the product side and increase the yield of ammonia. It also
events the decomposition of ammonia into reactants.
b ,.Ha'bcr:\m awarded a Nobel Prize in chemistry in 1918 for the synthesis of
un nia. After nearly five years Carl Bosch (1874-1940), the engineer, solved the
eering problems and developed the industrial process on a large scale. The
= Process is, therefore, sometimes also called the Haber-Bosch process. The
Vas awarded the Nobel Prize in 1931 for his work on high pressure reactions.

" ustria] plants are usually situated near the reservoirs of natural gas. The
"B used 1o get hydrogen gas which is used in the production of ammonia.
% * ")0‘.)"——~') COu) + 3“3‘.)

Milrogen pas is obtained from air which is an endless source of nitrogen.
(269)
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74  Solubility Product and Precipitation Reactions

The process of solubility is very important. For
example, we flavour foods because of the solubility of
table salt and sugar in water. X-rays technicians give
patients the suspension of barium sulphate to drink
before taking X-ray of the large gastromtestinal tract
(intestine and stomach). Barium sulphate is a sparingly
soluble salt. It is a good absorber of X-rays and is used

to improve the clarity of X-rays. The Ba™ ions present

in the BaSQ, are toxic. Since it is very slightly soluble,
hence it is taken orally without threat. The concept of
solubility and solubility product helps doctors to
reduce the prevalence of painful kidney stones. and
tooth decay. It enables the doctors to make the
ingestion of compounds safe, The concept of these
reactions helps engineers prevent the formation of
deposits in water processing and distribution systems.

Some ionic compounds are soluble (NaCl. NaNO, etc.) and the ol w"

slightly soluble or insoluble in water,

For very slightly soluble salts (AgCl, PbCl,, Pbl,, BaSQ,), the dmocﬁ
very small and concentration of salt may be considered as constant. For ¢¥ :
when BaSO,. a slightly soluble salt, is placed in water, it dissolves until a 9%
solution is obtained, and then equilibrium is established between the ions 455

BaSO, inthe solution.
According to law of mass action,

Ba'' [[SO%
. [Tl
[BaSO,]
Where,
K_ is equilibrium constant and [Ba**
Ba' ', 803 and BaSO, inthe solution,

As the salt is slightly soluble, the Conecent

4{uq;

(266)

3oluble in water.

1.[SO%"), [BaSO,] are concé™

ration of undissolved salf

- uall

Keep N Ming 1

If the %Olubﬂ

substance is o ‘f
grampml()om“
it is said to be go
solubility of a subs .:
less than 0.1 gram, (he
substance is said |
imsoluble. If the ol
ranges between n.,,
limits, the snhma
to be sparingly soluble Tk
insoluble subms
actually very slight

oo

(1L
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Therefore, [BaSQ,}=K

Thus,

£ [Paz’l[sﬂj']
= RLR = [Bal"][soj-]
3 K= [Ba*][s0 {]

K, I1s the product of two constants K. and K and is known as solubility
pmduct. The prodl‘xct of molar concentrations of positive and negative ions in
equilibrium state with solid salt ata given temperature is called solubility product. It

srepresented by K . The value of K, shows how much saltis soluble in water.
Solubility product is temperature dependent and increases by increase in

iemperature.

Applications of Solubility Product

‘Prediction of Precipitation

‘Many environmiental and biological processes involve

the precipitation of slightly soluble ionic compounds. W

The calcium oxalate, a slightly soluble salt, |Resction that occurs when

Precipitates out in the kidney and forms a kidney stone. [cations and anions of two

Acommon problem for chemists is to determine the [different agueous solutions

Giection in which a reaction proceeds to reach gomtine i forie 0 inaoiublo

S - |solid (precipitate) is called

Squilibrium. For example, will the precipitation |precipitation reaction.

Wof BaSO, proceeds in the forward direction or ¥

Uihe reverse direction or the reaction is at equilibrium when we mix the aqueous

!"lﬂtions-,ofBaClz- and Na,SO,? To answer this question we need to calculate ionic

Moduct ang then compare it with K,,. There are three possible relationships

- eenionic product and K., thatare as follows:

: I.f K"‘P> 1onic product, solution is unsaturated and precipitation d.oes not' o.ccu'r.
-8 ase more golid dissolves and increasing the ionic concentration until ionic
0 1 K

U LR S et o
- .Kaf ionic product, the solution 18 supersaturated and precipitation occurs,

A

Mionic concentrations until ionic product =K.

(267)
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m) If K., = lonic product, solution is saturate d and precipitation d%sm

cause the reaction is at equilibrium. L
The solubility and Solubility Product
The solubility and the solublhtv product of a slightly soluble salt are not
Solubility is expressed in g/dm . It can also be expressed in mol/ dm’ Thego; '
product is unit less,

The solubility is temperature dependent. 1t can be increased for Most o
1onic compounds, by increasing temperature. The solubility of ionic con PO '
determined by experiments, and by the use of solubility data, the value of s
product is calculated. The values of solubility can also be calculated from s ;,,1 "

product values. Solutes with very low solubility have very small solubnlny
values.

Tablc 7S Solublht) product constant values for some ionic compounds at25°C =

4V T e ] S "
»

=33 =¥ s
05 - ! 1, - ’
e o SRR SY e 4

AIOH),
BaSO.
e
CaCOs
CaF;
Ca(ou),

Exampl. 7.4

The solubility producl constant value (K, ) for ZnS is 3.0 x 10 Lok
solubility at25°C |
solution: '
The equation for the dissociation of ZnS is:

ISy =—= Zo2} + Sk

(268)
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Initial concentrations (M): 0

Equilibrium concentrations (M),

Theexpression for the solubility produc
K, = [Zn"][S"]

30x107 = (s)s)

30x10% = ¢

By taking under root on both sides,

= J3.0><10 i
= 548%10"*M

8
Lconstant is:

-"{'Y“- P

!';tfl.»;'u« , "s “

\ late the solubxlﬂy product constant, K,, value for BaSO,. The solubility of
B ‘at room temperature is 1,03x10°M.

'ueofl( forBasO, = ?
= 1.03x10°M ,
‘ 35 [ !ohtblhty equation for BaSO, is:

) | > Bagy S ROE
: 0 0
numeoncenuanons (M): 1.03x10° 1.03x10°
e 5o product expression for solubility product constant is:

5 e

Ko =(1.03x107°%)(1,03x107)
. .’.f =1, V610"

Scanned with CamScanner



"

7.5 Common lon Effect [Keep in m ” n
The process in which the degree of ionization ol a weak E |
electrolyte is decreased by the addition ol a strong ectrolyte is g ¢

tha
electrolyte having a common ion is called common ion hat conducu

either in molgm

effect. 4
an aqueous sojgg; ‘k?

This process is used to decrease the solubility of | - - g

slightly soluble electrolyte (salt) by the addition of | g wh;chm
strong electrolyte (more soluble electrolyte) having a | completely in u,.,

common ion. Forexample: are called gy
Consider the jonization of less soluble salt: Mms while iy
CaCOy,, z—— Cag,+ COy CH;COOH, which
According to law of mass action, io:ﬁzed partially in"
dilute solutions are ¢

¢ - [ca¥][co] weak electrolytes.

: [CaCO,]

When CaCl,, a more soluble qalt is added to the solution of CaCO,, h
will increase the concentration of Ca’® jon (common ion) and it will
equilibrium from right to lef}, hence CaCO, precipitates out from the solution.

'('a('lll'.\)(—‘_' (‘lmq)* -(’lur)
CaCOy,, ——— <~n¢' + CO5;

)

Thisis according to Le-Chatelier's Principle.

Consider the ionization of moderately soluble KClO, in water,
KCIO, ) & K, + €Oy,
According to law of mass action. =

e lK*“Clo;l

© [KCIO,)

When more soluble salt of K(J ; 1S add olt i
soluble KCIO,, then as a result of this ed to the saturated s .

increases, it will shift equilibrium fro el
from thcsoluuon m right to left, hence KCIO, preciP™

K(‘K)u.. — KW + Cl04mu
This i8 accordi g =
effect. *ing to Le-Chatelier's Principle and is known 8§ 0%

(270)
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r‘-» The product of molar concentrations of positive and negative .
. equilibrium state with solid salt at a given temperature is c
. product constant. It reflects the solubility of a compound. °
- solubility products value of & compound, the greater the
% The process of common ion €

= compounds like NaCl, in the preparation of buffersand in qualits

T A= E LVt i ¥4
L ol ===,

Q.1. Fouranswersare given for each question. Select the correctone:
i)  Thereactions that occur only in one direction are known as:
(a) Reversible reaction (b) irreversible reaction
(c) spontaneous reaction (d) non-spontaneous reaction

ii) Thereaction will proceed in the reverse direction when

(a) Q<K (b)Q.>K,
©) Q.-K (@) Q.= (K e
iiiy Which of the following change will favour the fomalx
adequate amount of ammonia at equilibrium in the mﬂm
below:
Ny + 3Hypy &—=22NHy
(a) By decreasingpressure (b) by increasing pressure
(¢) byaddingammonia (d) by removing nitrogen
iv) A dynamic equilibrium is disturbed by
(a) Concentration change (b) pressure change
(c) temperaturechange (d)all of these

v) What is the unitof K_ for the reaction:
2802(5) + Og‘m ———— 2803-(;)

(a) mol dm™ (b) mol*dm>
(c) m"r'ldmw (d) mol’dm e
vi) When the total number of moles of reactants and prodie®”

then the equilibrium state is NOT disturbed by:

fa)  Concenationchange (b) pressure change

() ¥ scmperillis Clanae (d) catalyst

vii) Exothermic reactionsare favoured in the forward
(272)
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(8) Decreaseintemperature (b) increase in temperatu
(¢) adding acatalyst (d) removal of reactant fass

vinl) When HC s added to the aqueous solution of NaCl, the iof
NaCl: A

(a) Increases (b) decreases

(c) remainssame (d) first decreases and then increases
ix) Precipitation occurs when '

(a) K, <ionicproduct (b) K_ > ionic product

(¢) K =1onicproduct (d) /K, <ionicproduct

X) The forward reaction almost near completion if the value of K_is:
(a) Verysmall (b) very large

(c) unity (d) zero

Q2. Fillin the blanks with suitable words given in the brackets:

i) The reactions in which products are reconverted into reactants are

_ called . (reversible/irreversible)

1) Allchemical equilibria are (static/dynamic)

1) Law of mass action was given by in 1864. (Bosch /

' Guidberg)

! iv) For thereaction, CH )+ H,0 7 €Oyt 3H,,, the increase
in pressure favours the of products. (decomposition /

‘ formation)

i V) If K, is to / than ionic product, the solution is

t saturated. (guater/oqual)

- vi) The removal of the amount of any one reactant from the container at

ﬂl\lllibnum will shift the system .(to the left/to the right)

vii) Solutes with very high solubility have very

lubility product values. (small/high)

; vm) For endothermic reactions, the equilibrium constant value
byfﬂﬂuu in temperature. (mcrcases/ decreases)

“3}) cgm,st the activation energy of chemical reaction,
M Becres.. ]

0N l»hbq- was awarded a Nobel Prize in chemistry in
(19311914

(273)
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" following reaction?

.Lab'el the following statement as True of False:
i)  The concentrations of products and reactants remain cong,
equilibrium. .
ii) The same equilibrium constant value is obtained whete o
reaction is started from the reactants side or from the produets sie, 4
iii) The concentrations of reactants are equal to the concentrlio,
products at equilibrium. T
iv) Thereaction is atequilibrium when Q.isequal 0K, (Q=K).
y)  When the number of moles of reactants and products are equaling
balanced chemical equation. then K=K =K = K; 1
vi) A catalyst does not change the equilibrium constant but it chass
the equilibrium position of the reaction.
vii) The NaCl can be purified by passing HC] gas through its s
solution by common ion effect.
viii) Molar solubility is the num
liter of solvent.

ix) As the reaction proceeds in the forward direction, the concen™
of product goes on decreasing and that of reactant g5
increasing. .
x) Habersolvedthe engineering problems forthe synthesis ofames

;" “‘Write the equilibrium constant expressions for K. for each ¢
following processes: |
1) CO@ + Hzo(g) —7 COz(B)-l- H2(3)

ber of moles of solute dissolved 018

i) ‘Z‘Com + 1) 2260,

iii) PClsg ———=2PCh,+ Ch

iv) 2054 =230,

v) CH;COOH,y &=—= CH;C005,, + Hia

What is the value of K, at 1050°C if K, value i 300"

2C0p * O &—22C0; b
_ Write the balanced chemical AR et 1o the &
constant expressions given below:
VoTE [N2OJIG]

(274)
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¢) K,= [CH, (€L ‘ e
[CHCL,J*[H, P e

Q:7: How will you predict the direction and extent of & chomiat et
with the help of a chemical equilibrivm expression? @~ 0

Q& Define reaction quotient. What is the différence between equilibrigm.
constantand reaction quotient? T

Q.Q Whatdoes it mean when (a) Q_> K. (b)Q.<K, (¢) Q.=K?

:FQ;:lO: Whgt _is_dmmic.chemical equilibrium? Explain why the concentrations of

_ reactants and products are not necessarily the same atequilibrium?

lQl I: :th:ll"e homogeneous and heterogencous equilibria? Give two examples

~ foreach. |

1Q12: Explain, what is the law of mass action? Derlve the equilibrium constat

__ cxpression fora general reversible reaction,

‘Q13: Whatis the characteristics of equilibrium constant?

Qu14: How will you relate the equilibrium expression in terms of cencentration,
__ partial pressure, number of moles and mole fraction?
15: Explain Le Chatelier's principle. How this principle help chemisis 10
- maximize the yield of products. Explain industrial applications of Le-
- Chateliet's Principleusingaabeﬁsnmmrmg?:ph = .
Q.16: Lime, CaQ,,, is prepared by heating lime stone, CaCOy, to decompose it
‘) Wite the balanced chemical equation for thereaction.

b) Predictthesignofenthalpy change forteraachion. =
¢) Is the reaction favoured by increase in temperafure of Geerease in
R TR OTGIE % ,c'.hmgesqnthe-vulueof:thbnum
i What is _‘:‘o'; ;gﬁ&“;ﬂfm 2 redction (a) removal of product (0
* additon of product (¢ ncrease i thepresue (&) nrcase i h voue
' (¢)decrease in the temperature (f) addition ofacatalyst?

: Whatis the effect of the following changes at equilibrium if we:
) s theconcenirutionof eactnts ina eacton ixir
fbf w RS entration of products in a reaction mixture
; c) S G pm's,,,,;. of a reaction mixture if the product side has
. reater numb _efﬁme_spfggmthanmctam?tde o

o increase the temperature of an endothermic reaction mixture?

(273)
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Q.19;

<t
[ S I O
-2

Q.22:
Q.23:

Q.24:

Q.25:

Q.26:

. Whatis the significance of catalyst inchemistry? |
. Describe the effect of increasing pressurc on cach of the followmg et

What 1s the effect of catalyst on:

(3) the rate of chemical reaction

(b) the position of equilibrium ina chemical reaction
(¢) the value of equilibrium constant?

systems at equilibrium.

i) 205y =2 304y

i) Hypt Clyg ——=22HCl,

iif) PCly, + Cly &—=PClsg

Define and explain common ion effect giving suitable examples,
What is a solubility product constant? Determine the \‘solilbﬂily o
expression for slightly soluble AgBr, Ca(OH), and PbCrO,.
Answer the following questions: e
a) There is only one value of the equilib jum constant for 4 parie
system at a particular temperature, how? -
b) Why the value of equilibrium constant does notdependmlh :
concentrations of reactants and products mixed together? o

¢) Why the equilibrium vapour pressure of a liquid s
increasing temperature? : 5.
d) Can the equilibrium constant value ever be zerd o =55
e¢) How are rates of forward and reverse reactions related 0837
chemical equilibrium? | = i
f)  The solubility of KCIO, is decreased by adding KC110 7™

solution, how? ’ e
Thg.gquilibriqm concentrations of hydrogen, iodine, andh -.t .-
are 0.530M, 0.033M, and 0.934M rcspechvely 8t450°C. What* g™
of K, forthe following reaction? | |
sz + 12(8) — 2}“(,” ‘ 4
Calculatc. the concentration of P Cll e 2 50°C m
cqnccnﬂ?n().n for both PCI, and Cl, gases aré 0,005M. The V¥

the reactionis 1.2x 107,

PCL . —=—=2 B0

(276)
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1 8.1° “’h ¢, Basic andAmphotenc Substances.

' 8.2 anstcd-lowty Definitions of Acids and Bases
8.3 Relative Strength of Acids and Bases

8.4 Expressing the Strength of Acids and Bases
8.5 Lewis Definitions of Acids and Bases

8.6 Buffers Solutions and their Applications

8.7 Salt Hydrolysis

| LearpiiQitianes
The students will be able to:

e Define Bronsted and Lowery concepts for acids and bases(Remembering)
® Define salts, conjugate acids and conjugate bases. (Remembering)
e Identify conjugate acid-base pairs of Bronsted-Lowery acid and base(Analyam:
e Explain ionization constant of water and calculate pH and pOH in aquems g
usmggwcn](wvalues (Applying) S
Use the extent of ionization and the acid dissociation constant, K. ©0¢ dis “ '
between strong and weak acids. (Applying) o
e Use the extent of ionization and the base dissociation constant, Ky, ©© #*5
between strong and weak bases. (Applying) |
e Defineabuffer, andshow with equations how a bu ffer system works-(APP*
o Makea buffered solution and explain how such a solution maintains 3€°™
even with the addition of small amounts of strong acid or M |
(Understanding) J
e Use the concept of hydrolysis to explain why aqueous solutions oF some T
acidic or basic. (Applying) r
e Use concept of hydrolysis to explain why the sofution of a salt i 1 i’
peutral. (Understanding) .

Defineand explain leveling effect, (Understanding)

(278)
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S salts are ver
e, bases and s:

s =
¢

s, b Y important and common chemical corr pounds. They
Laqsed in the home and in the chemical industries. For cxamplé; 'V' ‘
md that 1s common in many foods and cleaning products. CIWMM‘
Jenons, oranges and tomatoes juices contain citrie and ascorbic acids. Apg;!ei
nin malic acid. and grape juice contains tartaric acid. Dairy products such as
e milk, yogurt and cheese contain lactic acid. Carbonated beverages (soft
jinks) contain carbonic acid and may also contain
. acid, citric acid and phosphoric acid. Gastric w
_.@tains‘bydxjochloric acid- '.\.fhich is essential 1o |Never check the taste of
gestion and is secreted by the lining of our stomachs |acids in the laboratory
psignificant quantity of 1.2-1.5 L/day. The sulphuric [because some acids are very
fid s used in the Jead storage batterics and is also used [€OrTosive and some are
fithe manufacture of fertilizers, explosives, dyes and ‘oot ‘
gies. Bacteria in our mouths yield acids that can dissolve tooth enamel to produce
#ities. On the other hand, the sedium hvdroxide is a base and is used in the
uiacture of soaps, detergents and in the manufacture of other compounds. The
monia is also a base and is present in many household cleaners. The suspension
magnesium hydroxide also known as milk of magnesia is used as an antacid.
sminum hydroxide and sodium bicarbonate are also bases and are also used as
8. The sodium carbonate also known as washing soda is a common example
#seand is used for washing purposes.
 Salisare formed when acids react with bases. Some well-known examples of
“Stsodium chloride, sodium nitrate, and potassium iodide. Sodium chloride s
oY one of many hundreds of salts that is used for seasoning and preserving

e

~an e - —e - - e

Lo ( %h- - '. » :.' A-
B enan e & ol TN, D L

:

]
n Food Products and Allergic Reactions in People:
s a naturally oceurring or synthetically produced substance that
other organic materials 1o prevent decomposition or fermentation.
y either be antimicrobial, antioxidants or gnu-enzynml:;cs. |
ervatives inhibit the growth of bacteria, yeaﬁ‘!“ a:d mrgod |
Preservatives inhibit the oxidation of food constituents. They keep 100CS -
8 tancid, browning, or developing black spots. Anli-enzymatic
i, - 10ck the mymauep;m esses such as ripening of fruits and vegetables
' "Hx' 5 ; evgn after haww!. s{m,ﬁugarand vinc_garand natural spic-cs: are
Mg, 4 45 fooq preservatives. However, the main concems of using food
i mwmmdmﬁhémicntsubsmmesmd artificial ingredients.

(278
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__ Some people are sensitive to particular food preservatives gpg —
reactions like hives, diarrhoea, digestive disorders and respiratory Pmble.:”
asthma. Most of the food preservatives are safe. S gy

> -

8.1 Acidic, Basic and Amphoteric Substance

Acids and bases were first recognized by their characteristic Properties. The
acid has been taken from Latin word “acidus™, which means “sour” 4,
compounds whose water solutions taste sour, turn blue Iitmus red, and eat
bases to form salts. The bases are the compounds that taste
bitter; feel slippery, turn red litmus blue and react with acids
to form salts. Many theories have been proposed to define
an acid and a base. One of the earliest, most significant of
these theories was Arrhenius theory of acids and bases. In
1887, Svante Arrhenius (1859-1927), a Swedish chemist,
stated that acids are substances that produce hydrogen ions
(H' 1ons) and anions when dissolved in water while bases Svanie At
are substances that produce hydroxide ions (OH ions) and (185141

cations when dissolved in water. For example, HCI is an Arrhenius acid bect

produces hydrogen ions and anions (Cl ions) when dissolved in water

HA0 + ~
HCly —20 3 Hy, + Ol

The aqueous solution of HCl is called hydrochloric acid.
Keep in Mind

Thehgeu.ion I8 very reactive and cannot exist freely in the aqueoys e
it combines with solvent wat?r molecule to produce hydronium 100.
& Hig * HiOp — H300)

The ]}laOH is an Arrhenius base because it produces hydro*
cations (Na'ions) when dissolved in water.

NaOH,, —52% i Na* - ‘
o Naw + OHg, 59

TR L
The neutralization of an acid by 4 base produces watet and s 2

. b \ ’O
ionic compound that is composed of the cation from the base and
acid.

idc~ bl

=

HClyg + NeOH) —— NaCly,,, + H,0
Arrhenius observed that process o :

» X0 f R - occ urs “r
from the acid and OH' ion from the s neutralization

reacts 1o produce water:
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qur ')lihhll —p ll':()'h , r -.‘![ >
The substances which have both the properties of acids and basesa:ccauecf
amphoteric substances. An amphoteric substance acts as an acid when combined
with strong base anq as a base when combined with strong acid. For example, water
shows basic properties by reacting with HC|.
}’Ll'aq) “pe l-l:(.)"-’ (‘_%__z H ‘()";h ] 3 ("[
Acid Base : '

q‘:.u,l

Here, H,O accepts a proton from the HCl molecule in the forward reaction. It
also shows acidic properties by reacting with NH.,.
T v L U —— » :
hH.‘(uq,l 1 “3061? — ‘\'”4{;14! ¥
Base Acid
| Here, H,O donates a proton to NH, molecule in the forward reaction, The
“amphoteric substances may be either molecules or ions. For example, bicarbonate
1on of baking soda i1s amphoteric. - T
HCO3 )+ OHy,, 7/——= COj,+H;0 : Keep in mind,
Acid B"" ] | Soluble bases are known as
Here, the HCO; ion donatesaprotontoa  Yalkalis. All the alkalis are

base and acts as an acid. bases but all the bases are
not alkalis. Most bases are

HCO;3 gy tH3 0y T———=2H,CO3 oy H, 0 \water insoluble. )
Base Acid 7
Here, the HCO; ionaccepts a proton from an acid and acts as a base.
The acidic and basic character of amphoteric substance depends on the other

Substance to which it reacts.

82 Bronsted-Lowry Definitions of Acids and Bases
8.2.1 Proton Donors and Acceptors
A!tthh Arrhenius theory is widely used but it
failed 1o answer the question why compounds such
* 3mmonia form a basic solution when dissolved
10 Water although it does not contain hydroxide ion.
h(;cA"}_"?nius definition also does not explain
9C1d-base reactions which occur in non- f
“Queoug solvents and those which oceur in gas

OH_,,,

mi;"herc no solvent is present. A more general g sted Thomas Lowry
o0 of acids and bases was proposed (1879-1947)  (1874-1936)
(281)
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by @ Danish chemist Johannes Bronsted and an Englis‘h chemist Thomag
1923. According to the Bronsted-Lowry theary, an acid is a substance thagq |
a proton (H ion) to another substance, and a base is a substance thar ACepy g
proton from another substance. In short. an acid 18 proton donor and a DASE IS e
acceptor and acid-base reactions are proton transfer rcactiomﬁg
example, HCI is a Bronsted-Lowry acid because its molecule donates & Protygy
water molecule when dissolved in water. : - i
HCl(am + H:()uh i Il.‘()zatu\ A llﬂQ' |
On the other hand, water acts as Bronsted-Lowry base, because its molegs
aceepts a proton from HCI molecule. Consider the reaction between gaseous i
and ammonia, 1
HCl,,, + NH » NH, + CI' » NHCl
, In the above equation, the HC1 donates proton to NH, and acts a Broaset
Lowry acid while NH, accepts proton from HC] and acts as the Bronsted-Low
base. This is gas phase reaction and no solvent is required.

8.2.2 Conjugate Acid-Base Pairs
The dissociation of an acid can best be represented by the general reaction g

Mg)

below: Conjugate acid-hase pair
I
HAGy + HOpy —— HQ,,, - + Agsg)
Acid Bﬁ Conjugate acid  Cojugate base
|
Conpugute acid-base pair

,~ Pt . the HA donates protons to water and acts &
Bronsted-Lowry acid and water accepts proton form HA and acts a aBmﬁ“

% i
Lowry base. In the reverse reaction, the H.Oacts as an acid and A actsasd b

conjugate base O HA. Every base has a.conjugate acid that js formed by**

proton to thebase. Thus, H,0'js the conjugate acid of H.0. and HA isthe*"" g
agidofih. We 1 also say that & conjugate acig i o ost b donizaiOS0)
anda conjugatebase is formed by the ionization ofan acid e i
Consider the dissociation of ¢y = Water- acid.

HCly * Hi0p ——

O‘. 8 —
Asid Base oo ey Gl
= onjuga“ -
Qnjugate
Acid
Base
(282)
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I this reaction HC! acts as an acid because it has de
wetsasa base because it has accepted proton, For any given acid-base pair,
4fwiys has one more hydrogen atom and one unit fewer negative charges
sase. On the other hand, the base has one fewer hydrogen atom and one v it n

pegativecharge than the acid.

§3 Relative Strengths of Acids and Bases £ |
The tendency of an acid to give hydrogen ion is called strength 6f m; id. The " -
wndency of a base to aceept hydrogen ion is called strength of a base. Sfmngam&s
and bases are strong electrolytes which are assumed to ionize completely in water.
Weak acids and bases are weak electrolytes which ionize only to a limited extént in
water, For example, HCl is a strong acid and CH LCOOH is a weak acid because HCI
salmost 100% ionized and CH,COOH is about 1% ionized in water The strength
facids and bases can be determined by passing electricity through their solutions.
The aqueous solutions of strong acids and strong bases are good conductors of
tectricity and the aqueous solutions of weak acids and bases are not the good

unductors of electricity.
The strength of conjugate acids and bases are related to the parent acids and

ases as:
) Thestronger the acid, the weaker is its conjugate basc and vice versa.
) The weaker the base, the stronger 18 its conjugate acid and vice versa.
Consider the ionization of HCI in water:
HC'M‘) + Hzom = Hjo{;q) i Cl(;ql

Sn‘()nger Weaker Stm'gcr Weaker
acid base avid base

HCl is a strong acid that completely donates its protons to water. The
Ih“d‘wn (the :conjngaie'-base» of HCJ) is an extremely weak base and has very
Mtndency {0 gain proton from water. Thus the strongest acids have the weakest

Consider another example of the jonization of ammonia in water:

+ —

NH3(aq) + H"OU) — NH"-S_( aq) + OH (2g)

Weaker Wt';kcr Stronger Stronger
base acid acid basc

Amimopg is a weak base and its conjugate base (NH, ion) is a strong acid.
(283)

Scanned with CamScanner



The NH ion (the conjugate acid of NH, ) is a strong acid and has

greater tenden,

donate proton to OH ion. Thus the weakest bases have the Strongest Conjy

acids.

Table 8.1 Relanve Streneths of Aads and Bases

5.:'" eld! N;E; :— Base R W e 4 ==
: Per chloric = Perchlorate Wes
| H(.I(;)‘, aagay = = ...CIOJ_ otz e bm“hst
HCl Hydrochlone |6 Chloride ion
___jacid ]
‘ ' Sulphuric | Lo Hydrogen
SOy |gid | HS01 | sulphateion
HNO; |Nitricacid  NO; | Nitrate ion
'H.O° {Hydronium ' H.0 | Water
‘ ion HptEee
: : Hydrogen | o2 ' Sulphate ion
f L% ' suphate ion li(i“ e
= = ' Dihydrogen
| HaPOy Phosphoric  |'H,PCY  phosphate
: acid ! %
= . I T \ .lon -l
HNO: Nitrous acid | NO, Nitrite ion
RS Hydrofluoric TeFa N
HF | N E Huoncfe jon
CH:COOH | Aceticacid | CH,COO | Acetateion
H,CO; Carbonic HCO- Bicarbonate
~ imid,m $ ion '
Ammonium 2
NH; fien NH}, Ammonia 3
HCN et Cyanide ion
e ——
geo; | Dieabomate | .. | Carbonate
= L ion
Hz:0 Water OH Hydmx:dt
- =SS : | ion =
S S 2 ) 007 2y v 4
[ e ' strmlS"-"I
Weakest | OH i}:‘zdmmdc H,0 water bang |
acigs_ o —— __J_ -~ : S E=T— A -
8.4 Expressing the Strength of Acids and Bases
The strength of an acid or a base is expressed in terms of hydrogen &
ions concentrations, pHand pOH scales, K K, . pK , and pK, values:

(284)
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8.4.1 Tenic Pmductof“ater(k ) s
fyen highly purified water.is obscrved to conduct very smﬂn’

shows the presence of very small concentration of ions. These. lonsu%
the auto-1onization or self-ionization of water molecules. i

H:0p + H0p &=——— H anu OHu;q:

Acid Base Acid Base

As water is amphoteric, hence it acts both as a proton donor and proton
acceptor. The onization reaction of water can also be written as’
_—_—__) -
"om s H(uq) Oqu,
Here pure water ionizes into H and OH . According to law of mass action,
the equilibrium constant for the reaction is:

_ [H][OH]
L
[H,0]

' Since water is in excess, and very few of its molecules undergo ionization. so
tsconcentration remains constant. Therefore:
| K.[H,0] = [H][OH] or
L K, =[HIOH] |
’. The equilibrium constant K | is called ionic product of water and its value at

35°C is always 1.0 x 107“mol “dm * obtained by multiplying together the molar
‘@ncentrations of H'ions and OH ions ppresent in pure water atroom temperature.

Tonic product of water (K,)= [H ][OH ]
= (10 'mol dm*)(10”'moldm ™)

- 1.0x10 *mol’dm*

Kw is temperature dependent. Its value
teases with increase in temperature and
“Rereases with decrease in temperature and has 2 -
“Stantvalue at constant temperature. fi-%a'i'-x:lﬁ"" _
_ The relative concentrations of H' and OH \r@gﬁm - 30x10"
'-‘“'dlcalcs the acidic, neutral, or basic character 5’3 25‘5 “ ! 1’,07x o™
- AQueous  solution. There are ‘hree "‘_‘_Vf:;xgg_"}, 0| 53% lo—l&

g;‘ ﬂ’lln,cs forall aqueous solutions.
Mled a‘lm:ous solution in which the concentration of H ion is equal to OH ; ioniis

Reutra] solution. For neutral solution, the [H']=[OH ]=10 "mol dm ™.

L (285)

Table 8.2: Value of K at different
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P) An aqueous solution in which the concentration of H ionis Breater than e
18 called acidic solution. For acidic solution, the [H']>[OH ], In this so]
10 "'mol dm ™ and [OH ]<10 'moldm ™.

?) 'An aqueous solution in which the concentration of H'ionis less than the
ton is called basic solution. For basic solution, the [H ] < [OH . Inthis soluﬁejm
<10 'mol dm *and [OH ]> 10 "mol dm " '-
When %cid is added to water then [H'] > [OH ] and when a base i5 added 10 Yy
then[H ]<[OH ]. ]
| Example 8.1 EEEEISEEEE

uﬁo«:gf?‘

The concentration of H ions in an orange juice is 5.5 X 10M. Calculate
concentration of OH ions; classify the solution as acidic, basic or neutral.

Solution:

[H] =55x10'M

EOH] = ? » a > 4

K, =[HJoH] ;
or S Kw 1.0 x 10 . “H

[OH ] = = 1.82x10" M

[H'] 55x107°
" The solution is acidic because the [OH ] < 10 'M.
s

8.4.2 pH,pOHand pK, 8
The molar concentrations of hydrogen ions and hydroxide fons 8% 7
gmall in aqueous solutions. Their concentrations generally range from 10
to 10" mol dm . It is, therefore, more convenient to express these 0P
on a logarithm scale, known as the pH scale, -
The concept of pH scale was first introduced by the Danish chcm"t'
gorenson (1868 - 1939) in the year 1909 as easy and convenient way 07" ;
hydrogen ion concentration (acidity and basicity),
The pH of solution is defined as: .
The negative logarithm of hydrogen jon concentration it 3
solution s called pH.

(286)
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Ap]‘{'= <log[ll'|

erexample, the pH of pure water is 7 and that o p Rl
Forexample, the pH of py eris 7and thatofapplesis3. ]
~ ThepOH of'solution may be defined as: = & B -

.

m negative logarithm of hydroxide jon concentration in an aqueous

~ pOH= -log[OH ]
Forexample, the pOH of pure water is 7and that of applesis 10.9
- The pH values range from 0 to 14. However, solutions of negative pH and

vingpH > ]’45;@5130 known., -
e Fomddicsolution the pH value s less than 7(pH<7).

ForNeutral solution the pH value is equal to 7(pH = 7),
ForBasicsolution the pH value is greater than 7(pH >7)
ThepK,, iéﬁ?'ﬂe@ﬁve l(agnrithlq of K, inthe solution.

!Ef’ ;:' PK» = -logK,

<

The pH scale is| =
basically the reverse|
ofpOHscale.

\

l
|-.
3

- Thenumerical value of K, is 1.0x10"‘andits pK, value canbe calculated as:
- PK = ~(log 10X 10™)
=(-14)
=4

b .. A

g b -
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rse of [H ], Greater the value of pH, st

The pH values are the inve s
be the value of [H '] and weaker will be the acid. o

Keep in Mind

e Theacids which have pH less than 4 arestrong acids

e The acids which have pH equal to or greater than 4b
(pH = 4<6), : | 2

e The solutions which have pH equal to or greaier than 6 but less than 8 are i ',1
nearly neutral (pH 2 6<38).

e The bases which have pH equal to or greater
(pH = 8<10). e

e Thebases whichhave pH equal to or greater than 10 are strong bases (pH 210} ]

pH < 4), .
ut less ‘hﬂnGm :' .

than 8 but less than 10 are wedkly

x:

Table 8.4: The pH of Some Common Substances

. + ol IO
aIees
st

Most of the fruits are acidic in nature, The sour taste is the
acidic character of fruits. When the difference of the pH values of tw0
then one acid is ten times stronger than other (or it has ten times ““"‘hf ..... *
concentration). Forexample, a lemon with a pH of 2.0 is ten times M f
3.0 and is hundred times more acidic than Chc;ﬂy w

| {, SN

ginpH corr d decreasein
(288)
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y and Science
Cardlingof Milk with Lemon Juice: 0
Curdling means to change into curds. Curds are  dairy product o
ardlingofrilk by acidorrennet, used in making cheese oreaten as food,
_ Milk is actually made up of water, suspended fat, and protein. It conta
qecific protein called casein. Casein floats freely in groups (called ’
hroughout the milk and does not usually bond to anything. These group
iegative charge. They repel each other, which stops them from
sthe casein groupings (micelles) evenly dispersed in the milk. Wi
that coniains citric acid is added to milk, the pH of milk drops and it
cidic. The positive hydrogen atoms get attracted to the negative mice ng
them neutral. Now instead of pushing one another part, the micelles start to attract one
another and stick together. Thus the milk gets curdled. The process of curdling happens
much faster when lemon juice is added to hot milk. But it is better to add

tomilk when both the liquids are cold and lemon juice is added slowly. The more [emon

Juiceyouadd, the larger your curds will be and the faster they will form. 2

LCaleulate the pH of the carrots juice which has the hydrogen ion concentration

i = log[H]
Mofcarrots juice = ~(log5.5x10°)

= _[(log5.5)+(-6log 10)]
= —[(0.740)+ (-6 x 1]

= _[0.740-6)

= -[-5.26]

= 5.26

Caleulate the hydrogen ion concen

| (289
\

iration of banana, which has a pH
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() Whatare the hydrogen and hydroxide ion somem=
thathasa pH of 7.47 |

solution (a):
If we may be given the pH value ofa solution ang

|1ydrogcn lon concentration, then we need to takethemlogom? <
(H] =10*

[H] =

pH of banana =350
Asweknow, [H] =107

By putting the value of pH we have,

[H] =10
Solution {b):
[H] =27
[OH] =?

pH ofhumanblood = 7.4

Asweknow,[H] = 10"

By putting the value of pH in the above equatwn, weobtain
(B =10

[H] =398x10"

Wealso know that,
[H'J[OH ] = 1.0x10™" or
-14

[OH“] —- 1-0"10 |
wr |

Then, [OH] = L0107
: 3.98%10°" 2
[OH] = 0.251x10"% 10} i

[OH] = 0251x10¢
[OH] = 251x%10"

(29m)
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g4.3 Acid lonization Constan, K,and pK,
The gquilibrium constant which shows the strength of an acid is called ionizatios

constant ofanacid (K,). Letus consider the ionization of an acid, HA in water:

HA + H; O ——= H,0" + A-
According to law of mass action, the equilibrium constant for the reaction is
‘ swﬂl as. s, ]
K - [H;O'J[AT]
[HA][H,0] (The bracket shows molar concentration)

Indilute solutions, the concentration of water is almost constant because it is
glways in eXcess:

H,O'J[A
350: Kc'[HZO]= [ EH/]\[] ]
| _ [H;07][A7]
o K, = B[HA]

The K, is called ionization constant of an acid. Greater the value of K_, the
m is‘the acid and the greater is the concentration of H' ions at equilibrium
ofits ionization.
- Stengthofan acid < K,
Forweak acids, the K, value is less than 10™. (K,<107")
Formoderately weak acids, the K, values range from 1 to lO"(K,= 1to107)
Forstrong acids, the K, value is more than L(K,> 1)
The negative logarithm of K, is called pK,,.
PK, =-logK,

the inverse of K.

K
i

.. Gteater the :f'aluc of K, smaller will be the value of pK, and stronger will be
w’w"m the difference of pK, values of two acids is equal to one, then one

lennmes stronger than the other. When difference is two, then one acid is 100
Wonge than the other. When difference is three, then one acid is 1000 times
than the other,

(281)
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Inblc 8.5: K, nond pK, Values for Same Acids at Room Ttmpcramm

Name L K i

Hydroiodic acid 10x10® |

Perchloric acid 1.0x 10" ::“

Hydrobromie acid 1.0 % 10° ' ‘9

Hydrochloric acid 1.0 x 10’ =

Sulphuric acid 1.0 % 10° =53

Nitric acid ~ 25 =7

Hydronium ion 1.0 : Zet

\LLY Oxalic acid 5.6x10™ 135,

ta 30, | Suphorus acid 7% 107 17
- HCQIO; | Chlorusacid 1.2 %107 i
__HF | Hydrofluoric acid 68x 10" 5
~_HNO, Nitrous acid 45%10™ 135
___HCOOH | Formic acid 30x10° 35
~ CH,COOH Acctic acid | 18x10° -
_ CMCOOH | Benzoic acid 6.3% 10° A%
" H,CO. | Carbonic acid 43 %107 631
| Hydrogen sulphide 1.0x 107 A

. 10 | Hypochlorus acid 6.8 % 10-‘ i

W8 “};‘__ _ Boric acid 59 % !Q‘_
e Hydrocyanic acid 49x10™" 9'3
CHOH | Phenol a0 |
| Water 1Ox 10T |

You can determine the pH value or H ion concentration of a weak acid S0, g
knowmeamnalooncentrmonot‘acldandnsl(value.OntheW

dztemnc the K value of an acid solquD, if you know the pﬂ “w Ll
concentration of its solution.

S ———

Initial concentration of mono-protic acid = 0,05M
The K, value of mono-protic acid =25%10"
The pHof mono-protic acid =9

(252) ‘
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m forthe 1omzation of an acid is:
HAyw T—=—— Hiy * Age
ialcone. (M): 0.05 0 0
wﬁbﬁum conc. (M); (0.05 -X)
.:“ % (X)(x)
: » 0.05-x
st = I _ ()
| (0.05—x) (0.05-x)
. ThevalueofK_ is small, hence, the i
! land the value of x is considered as
B2t = X
3 0.05
25x107)(0.05) = ¥ or
¥ o= (25%10%0.05)
!{ ¥ =0125x10"
B ¥ =125x00t
= 125x10°°
= LI2x107 M
"= Hog[H'] = log(1.12x107)
3 = —(-2.95)
=295

X >

= 25x107°

onization of HA is assumed to be very
Zero. 3

e

[f”(. value of mono-protic acid which has [HA]‘= 2.5 x 107'M,

‘ M1=42x10°M atroom temperature.

(233)
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[A] =42x10™M
K, value of mono-protic acid = ?
HA + H,0 m/— H,0' + A
T [H,0')[A"] |
[HA]
(42 x10°%)(4.2% 10%)
(2.5 x 107) |
(0.042)(0.042) L
K, (0.25) )
LI(. = 7.06x10°

K, =

Percentage Ionization of Weak Acids

The strength of an acid can be measured by its %age ionization. We can gelems

%age ionization of an acid by the formula:

Concentration of ionized acid at cthbql}glx
Initial concentration of acid &

The greater the %age ionization of an acid, the stronger the acid and"

'

Yeage ionization =

versa.

The %age ionization of weak acids depends upon the extent of il

solution. The extent of dilution increases with decrease in the number of o=
acid. f%: ent of dilution o —— .

‘ .. No. of moles .

When the solution s infinitely diluted, the weak acid gets 100%i0n 2

The % ionization of 0.1M acetic acid solution is 1.3% and that of ¢

acetic acid solution is 5.86%. i

8.4.4 Levelling Effect

The strength of acids is not only depending upon the ability of a substanc®
a proton, it.also depends upon the ability of solvent to accept proto®™
strengths are determined by comparing their relative jonizations i ¥

(284)
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¢ peid that eXiSts In water is the hydronium ioh”(l-ljﬁ"')f'?ﬁ ;
.Mwhydmnium on will 1onize completely in wate andi:’ " ‘ Hd o

‘“" 0 be of equal sfrcngt!l and have nearly same pK, values. HBM "ff
#8  difficult to tell which acid is stronger, that is, they are levelled out. This
',"’m wis called leveling effect. Although strong acids have close pK, values
mww are not equally strong. To compare the strengths of st'rong'acids. a
it that is weaker proton acceptor than water such as liquid HF or CH,COOH
. be used. Strong acids show different pK,, values in a solvent that is weaker
_ s water, For example, the pK, values ofHCIO,, H,80, and HCl in the acetic
MummSJ.ﬁs, and 8.8 respectively. The relative strengths of some strong
naceticacid (known as glacial acetic acid) medium are:

' E10,>HBr>H,S0, > HCI > HNO,

L ~ Water has no leveling effect on the strength of weak acids such as HCOOH,

PR

Similar ly, the strongest base that is present in water is OH ion. Any base that

mager than OH' hydrolyzes in water to produce OH ions. For example, the

@(NH3) and oxide (O") ions are stronger bases than OH, and hydrolyze

wetely in water producing OH ions. Water has no leveling effect on the
those bases which are weaker than OH ions.

: The Strong Bases and Acids that lonize Completely in the Solution

P' S e N e
e A " f A = & ST ‘-.‘_\',\ (oD i
- (o ety ) R i 3 ol i
=R b IR IO T e e P N R TR AL
i hyd 5 g Cl0. | Chloric acid
1 b 2 " st | ¥ e e R e :
L . ey RN A S o i Xa” . : — -
o = 5 S IRRVITES) R ST ¥ ;" R S T -.-.;.‘.“Q' y 5
A = uric ar .
358 M R A =
- . -

nstar tﬂ;ﬂiibb?shows the strength of a base is called dissociation

1 K4). Consider the ionization ofa base in water:
8 ==——pH* + OH~

- (295)
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The equilibrium constantis given as:
K = [BH ]J[OH ]

© [BIHD] .
The water is in excess, 0 its concentration is constant;
JIOH]
(B]

or

K,.[H,0] = Ll

. [BH ]J[OH ]
S0 e

K, is called ionization or dissociation constant of a base. Greater the vileg
K. stronger is the base and vice versa. |

Strengthofabase « K,

The negative logarithm of K 15 called pK.,.

pK, = -logK,

The greater the value of K, smaller will be the value of pK,, and stronger#
be the base.

8.. and pK,, Values for Some Acids at Room Temperature
= 5= = [ :“.....»'u.‘ R ‘ C | (= o |

e

L 105k .

" NaOH Sodium hydroxide Very large

 KOH Potassium hydroxide Very large
. CH3NH: Methyl amine s 44x10™"
Ammonia  18x10°

by its base jonization consti”
d ionization constant (K,) a0d "

be derived as follows: |
 HA In water:

important relalionship between the aci
constant of its conjugate base (K. can
Consider the ionization ofa weak aciq
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HA + HO ———= H,0" + A
The equilibrium constant for the reaction is given as:

SHOTIAT o | [HONAS

< s STy e 1 (1) 1) )
Re ™ [HAH,0] (HA] )
Consider the 1onization of a conjugate base in water:
N+ H:OF———= HA + OH-
The equilibrium constant is given as:
HAJ[OH - . H : )
- AR} . e _ [HAJOH ] (i)

¢ [A_][Hzol b lA] ............... s
By multiplying equation (i) and (ii), we get
KK, = [H;OJ(A]  [HA][OH]
: [HA] (A]
K,.K, = [H:O][OH]
Asweknow, K, =[H ]J[OH ], hence,

RioRa=Re © L e e (101)
The equation (ii1) can be expressed as
Ka - E.ﬁ'. or Kb = .lil‘..

Kb Ku

~_ From the above expressions it is clear that the larger the value of K, the
Amaller the value of K, and vice versa.

~ Ifwe take negative logarithm of both sides of the equation (iii), then pK
Velues of the conjugate acid and base pairs are related to each other as:

| PK+pK, =pK. = 14 (at25°C)

 we know the pK, value of an acid we can calculate the pK, value of its

2ate bage g

K=
. Twe know the pK,, value of a base we can calculate the pK, value of its
é(’mj-uweacidas‘.: :

Pk, = 14~ pK,

Values

gl | RS0l | soxien | i3
T e o, W9 B S R U
33 || NO; 22x10°1 | <107
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AtlG ;gr,.‘xh
. CH3COOH | 1.8x10*
| HiCO; | 43x107
HCN 49% 10717 | ¢
CsHsOH 1.3 x 10710 |
| M0 | 1ox10M

| e

3.7

§ S - —

6.3

 ~

2.3
2.9

—_—

| 1a ||

8.5 Lewis Definitions of Acids and Bases

CHC00"

HCO;

CN-

CollsO

ee——————

1.0% IOQ’* =

Sy

The Bronsted and Lowry concept failed to explain those acids
not have hydrogen ions such as AICl,, and FeCl,. It also failed to explain those ik

base reactions which occur in non-protonic solvents such as liquid SO, and] “j‘j_‘f'

BF,. In 1923, Gilbert N. Lewis, an American chemist focused on thcro’leof*
pair and proposed an even more general concept of acids and bases, This cor
not restricted to any particular element or solvent. According to this COHWP‘-
is a substance (atom, molecule or ion) that can accept an electron pmrw- o
coordinate covalent bond and a base is substance that can donate an electrot '::'

and to form a coordinate covalent bond. In short, acids are electron pair &¢

and bases are electron pair donors.

i) Allsimple cations suchasH Ln Ni Sn "and Sn actasLeW'“c'ds” |
cations such as H, Li' and Be  act as stronger Lewis acids because ” '

tendency to accept electrons.

,4~>

i) The electron deficient molecules which have incomplete octet such 385
AICl,, and BF, act as Lewis acids,

tii) All anions such as CJ . 0 ,OH , X (Halide ion) and NH; (am(dclﬂ")

Lewis bases because they have tendency to donate electron pairs.
V) The molecules which have lone pair of electrons suchas H,0

Lewis bases.

According to Lewis concept, an acid-base reaction oceurs when?®
an electron pair 1o an acid with the formauon of a coordinate covalen!

the two substances,

CI” + AlCl; ——
Actd

Base

Cl - AICl, or AICK

(238)
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: ‘ v“‘!f f : : i=5%
c Acidity and use of Anti-ncid Drues |

Gastric juice (stomach acid) is essential for the digestion of foods and
pacteria that is ingested. The gastric juice has 0.5% HCI that is s ccrciet
stomach walls and pH value of the gastric juice is normally 1-3. Wheittoo:
caten of when the stomach is irritated by very spicy f atty fOOd& P
gcidic foods (tomatoes, oranges), acidic Juices (grape fruits, oranges) s
beverages, or when a person becomes emotional, can cause the stomach fo slcolw St
much HCL. Some of acid contents can flow back into the esophagus (lhp'e'.'Od' Wmﬂhf
carnies food 1o your stomach) and cause “heart burmn”. The condition is medicatly
known as “pyrosis” or “acid indigestion™ ' -
The symptoms of heart burn include a burning sensation in the chest (just above the
stomach) or behind your breast bone (sternum)and some patients experience sour taste
inthe mouth from gastric juice. Some patients may experience the burning sensation in
the throat. Heart burn gets worse when bending over or lving down. |
Theheartburnis reduced: Bases (neutralizing agents)
o By taking ;n ax:]tacﬁ:l (‘anuqadcf) to neutralize used as antacids
the stomach acid. The antacid has one or mare : ;

~ basic substances which are used to neutralize NaHCO, (Baking Soda)
| theexcess butnot all of the stomach acid. Al(OH); and NaHCO;
* By ftaking acid-inhibitors to reduce the |Mg(OH); (Milk of Magnesia)
_ "_t, , '_'jn":o"fs_tomach acid. The acid-inhibitors AI(OH); and Mg(OH)s

~ include famotidine, ranitidine and cimetidine. :
| A ?ynhngm pump inhibitors to block the production of acid. The proton pump
- mhibitors include omeprazole, rabeprazole and esomeprazole.
| theleart burn can be controlied by some lifestyle change such as:

1

l'fn avoid the spicy foods, fatty foods, alcohol, aspirin, ibuprofen, caffeine,

- Jcverages, overeating, _
{|* Toavoid eating before bedtime, stop smoking, elevate the head of the bed and
{\_Temain cool in the crisis. 3

Buffer Solution

lution which resists any change in pH when a small amount of an acid or a base

—®UWoitig called buffer solution.
.. Wasolution comes in contact with air, it will absorb CO, and become more

Sidic, I, solution is stored ina glass bottle for long time, the silicates gf g!ass make
“Dasic. n hoth cases the pH of solution changes. Buffer solution is used to
“0the pH of solution and prevent these changes.

[Com
hﬂﬁpoﬂﬁon of Buffer Solution

B enl s
“lution ugyally contains:
(239)
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1) A weak acid and its salt with strong base.
Forexample, CH,COOH and CH,COONa

i) A weak base and its salt with strong acid.
Forexample, NH JOHand NH Cl

Action of Buffer
Consider the buffer solution of acetic acid and sodium acetate:
1) When we add few drops ofastrong base (NaOH) to the solution. the oy
of NaOH reacts with acetic acid to give its conjugate base. f
CH,COOH + OH ———2 CH;CO00" + H0 |
i) When we add few drops of strong acid (HCI) to the solution, the H' jon of iy
reacts with acetate ion of acetic acid to give back CH;COOH.

CH,C00™ + H' ——— CH,COOH
Both OH and H' ions are consumed completely in the above reactaons
Hence, pH of the solution remains constant.

Applications of Buffer Solutions

i) They are used on industrial scale in tanning of leather, electroplaﬁngﬁ
manufacture of sugar where constant pH is essential. .

ii) Normal human blood has a pH of about 7.4, It is maintained by ‘:ﬁ
bicarbonates and phosphates. If it decreases up to 7 or goes up to 8, death may

iii) Theyareusedtostudy the growth of bacteria at constant pH.
iv) Forproperproduction ofcrops, the pH control of the soil is essential
v) Theyareusedinbeyerage industrics.

Buffer Capacity 3

The number of moles of an acid or a base required by one dm Qta
solution for changing its pH by one unit is called buffer capacity of 8 somz,og,lt s
also be defined as: the capability of a buffer to resist the change of pH <
bUﬁCf CaPach The buffer CaPﬂCIty depends upon the concen(ration ( '
acidsandsalts present in the buffer solution. -

Consider a buffer solution having 1.78M CH,COONa and | OM acd';
The pH of this solution is 5. A solution having 0.178M CH._,COONa ¥ “
CH,COOH shall also have pH equal o0 5. Since anion/acid ratio is 47
dilute solution has lower buffer capacity and would more easily be

(300)
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dition of acid or base. However, the solution with 1M CH,COOH and 1.78M
M : * . ¥

CH.COONa has larger buffer capacity and is able to show small pH changes when
grong acids or bases are added and is not easily destroyed by such additions.

8.7 Salt Hydrolysis
The neutralization reaction of an acid and a base produces salts and water. The
reaction of cations or anions or both cations and anions of salt with water to form
acidic or basic or neutral solution is called hydrolysis. Salt hydrolysis usually
affects the pH of a solution. For example:

When sodium acetate (CH,COONa). a salt of weak acid and a strong base, is
dissolved in water, its anion (CH,COO ) reacts with water as-

('I'l;COO"“ql t H,0y ——— CH.COOH 4 Oll[m,

(ug)

Similarly, NH,CI, a salt of weak base and a strong acid when dissolved in
water, its cation (NH ) reacts with water as:
NHyjq + Hi0p &—= NH, OH,, + H,,
There are four types of salts on the basis of reactivity with water.
() The salts of weak acids and strong bases react with water and give basic
solutions. For example, consider the ionization and hydrolysis reactions of

CH,COONa in water,
B CHCOONa, ————> CH.CO0. + Najy,

(2q)

CH.‘COO",“, + o Ha Qg e CH;COOHN, + OH"W

_ The sodium acetate solution will be basic due to the formation of OH ions.
Iﬂle pH of this solution is more than 7 (pH > 7). The cations of strong bases such as
Bkali metal and alkaline earth metal ions except Be, have hardly any acidic

cuaracter; that is to say, these ions do not hydrolyze and has no effect on the pH of
i€ solution,

Na f,q, + H,0,, &——— No reaction
The extent of hydrolysis is determined by the value of K, for acetate ion. The

Gester he value of K, ofa base, the more basic the solution it produces.
Y The salis of strong acids and weak bases react with water to give acidic

on. For example, consider the ionization of NH,Clinwater.

NH Hs0) & " 1
4C’(‘| ¢ ﬁN“vll‘.m) * C'(uq)

NHiGo + H,0,, =— NH,OH + Hi
(301)
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The ammonium ion solution is acidic because of the formay,
hydrogen ions. The pH of this solution 15 less than 7 (pH < 7). The aniong gft
acids such as CI” ions have hardly any basic character; thatis to say, these "“ﬂsclo

hydrolyze and has no effect on the pH of the solution.
Cl i+ H 0 T2 No reaction

L))

Theqcxlcm of hydrolysis is determined by the value of K, for AMmMoniypy; .
The greater the value of K, of the acid, the more acidic the solution it produces,
(iii) The salts of strong acids and strong bases give neutral solutions, Becye
these salts are not hydrolyzed in water. For example consider the ionization of Nagy
in water.

NaCl,, + Hi0y5 &=——= Nagg*+ Clyg

The sodium ion is a very weak Bronsted base and has no effect on the pHofte

solution. On the other hand, the chloride ion is a very weak Bronsted acidand nalq
has no effect on the pH of the solution. The pH of this solution is equal to 7 (lel |

(iv) The salts of weak acids and weak bases may not give neutral solutions, bt

whether the resulting solution is basic, acidic or neutral depends upon the
strength of the weak acid and weak base. ;
To calculate the pH of such solution, you are required to compare the K, valt
of the cation with the K, value of the anion. There are three possibilities:
(a) If the value of K, of the cation is greater than the value of K, of ®
anion (K> K, ), the solution is acidic. This solution has pH value less thanT(pB;
(b) Ifthevalueof K, of the cation is less than the value of K, of the anion K<H
the solution is basic. This solution has pH value greater than 7 (pH> 7). .
(c) Ifthe value of K, of the cation is close to the value of K, ofthe anion (K-
the solution is neutral ornearly neutral. This solution has pH value equal too’
equal to 7 (pH=7).
To determine whether CH,COON H, solution is acidic, basic, or nﬂ“’“
are required to compare the values of K of the ammonium ionsandKu.DfM ;
ions. Consider the ionization and hydrolysis fcactions of CH.CO0 NHD alth

CH,COONH, % 0

=2'CH €007, + NHipg
(302)
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) ) - — y o -
00050 H20m CH,COOH ., + Ol K,=56=10™"
S0 —— NH,OH, + H! K,=56%107"°

fog)

NHJM

This solution is neutral because the valye of K, is equal to the value of K, It

peansihat the number of hydrogen ions produced by ammonium jons is equal to the
qumbet of hydroxide ions produced by acetate jons.
1 ;? .

NﬂzCOj
Canou <7 NH(CL, NPLNO;
T s Depends upon the NH.F,
3 b 5‘;“’“’“" clative strength of CH,coONH.
BB ﬂwvmkmdmd NH.CN

‘.- '¢|
- - 1{ N-r

ly present in éinall amounts in marine
gurt, milk, anilcheese Itis &sscntial for

.....

“1’5{1 m pwday oraS.: gmm‘(l wespbonﬁd)of-
: zmm thytondcnlatgesmdwo:ks

——
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—— . dlllL therefore regular use or'odlze(S'
Lol

Ly ui 10
mdlnd xall prov tdcs thie right quanti
tion of 10di
| cannot lead to excess iodine in the body. Daily consump zed saly € Drogy

| ¢ entire generations of both humans and animals from mental and physical digap

caused by Iodme dcﬁc!cncv o sl 21 S S

|5 Acids have sour taste, turn blue litmus paper red, react with active megy
\ conduct electricity in aqueous solutions and react with bases to form al

- walter. 1
'» Bases have bitter taste, soapy touch, turn rcd litmus paper blne; :

l

 electricity inaqueous solutions and react wi

i S The sour taste of many foods such as vmegar tomatoes, ¥
oranges is because of the presence of acids in them. The bitter tas

coffee is because of the presence 0 aire less o
in foods. Both the acids and bases are used on large scale In INAUSINGES )

' laboratories.
% According to Arrhenius concept, an acid is a substance that 3!.\’
| water and abase is substance that gives OH ionsinwater. .
5 The strength of Arthenius acid or base depends on the extent of ion zata
' acidor base in water. .'I
% According to Bronsted-Lowry concept, an acid is a proton d W
while abaseis protonacceptor substance. |
» According to Lewis concept, acid is electron pair acceptor subst
base is electron pair donor substance, ' "
' » Astrong acid or base is almost completely lomzed mthesol"gf o while !
ac:d or basc is ionized to aslight extent in the solntlon. =

% The pH scale is used o measure a
basicity of solution. One-fold changc;?;ypi??slﬁu}il’té en-fi
| concentration ofhydrogen ion,
‘ » The K, is the equilibrium constant that descnbes she i01 i
| the K, is the ethbnum constam that descnbes ‘he a ,v VA
strength is denoted by the value QfK. andb o ) 5
of K, Greater the valueofK” stronger is :: A

(304)
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onger is the base and vice versa,
woﬂ(. smaller the value of pK.. and stron er w
val ol'l(‘,smallenhevnlucofp&, d st Lv— i
resists pH change when small .,.---
-ew solution. Buffer solutions contain ef
alt of its conjugate base (such asCH,COOﬂ
of weak base and a salt ofnscomnga:ew'ya(

- &..’_y—;&
Sl

MmMMabmmqunedby

d.  Fouranswers are given for cach question. Select the correct one:
i)  According to concept, acid is an electron pair

mecplorsubstance.

~ (a) Arrhenius (b) Bronsted

- (¢) Lowry (d) Lewis

i) lonic product of water is represented by:

® K, (bK,

) pk, (pK, '

i) The value of ionic product of water at 25°C is:
LOx10 "moPdm®  (b)1.0x10" mol’dm ™
©) 1510 mordm® (d) 1.5x10 "moldm™*
™) Whenan acid is added to water, then
O Wefon)  mym<(on]
1= [0y (d)[H']=[OH ]

(305)
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v) The pH ofthe agueous solutionof 10°M HCl is:

(a) 1.0 (b) 1.5

(¢) 2.0 (d)2.5

vi) ThepH value of tearsis 7.4, and pOH valucis

(a) 4.6 (b)6.6

(¢) 7.0 (d) 7.6

vii) Whichone ofthe followingis NOT the Arrhenius acid:

(a) HCI (b) HNO, |
(¢) AlCI (d) H,SO,

viii) When the difference of pK, values of two acids is equal to 2 the g

acid is stronger than the other.

(a) 10times (b) 100 times
(c) 1000 times (d) 10000 times
ix) Whichoneofthe following statements is NOT correct forbases:

(a) Havebittertaste (b) turn blue litmus red
(¢c) have highpH values (d) reacts with acids to form salts
x) Whichsaltin water has pH value less than 7:

(a) NaCl (b) NH,CI]
(¢) CH,COONa (d) CH,COONH,
Fill in the blanks with suitable words given in the brackets: c1

i) A substance is termed as amphoteric when it acts ___—=_
proton acceptor/as proton donor/both as proton acceptor and

donor)

ii) Purewateris conductor of electricity. (poor’ good)
iii) The basic solution has pH than scvw,.,(lees’gl“aw )
iv) ThesumofpHandpOH is 14. (equaltoﬂessthﬂﬂ)

v) The ionic product of water increases by
temperature. (decrease/increase) '

vi) The stronger acids have value of P&
greater).

(306)
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vif) The value of pH is  proportional to [H']. (directly/

inversely) |

vil) Weakacidsare ____ electrolytes, (weak/st rong)

ix) The electron deficient molecules act as Lewis

(acids/bases) .

x) Aqueous solution of Na,CO, is _ while that of NH,NO, is
. (acidie/basic)

——

~ Labelthe following statements as True or False:
i) ThepH ofthe normal human bloodis 7.4.

i" ii) Theconjugatebascof HClis Cl ion.

' iii) Astrongbase hasapH value of 14.

iv) The strength of an acid depends on the conjugate base: the stronger
the conjugate base, the weaker the acid,

v} Orange ismore acidic than apple.

vi) Theantacids are used to reduce the secretion of stomach acid.

vii) Milk of'magnesia has sour taste.

;‘1;1()) }I;or the neutralization of the stomach acid most of the people take

iX) Thelarger the value of K, the smaller the value of K, and vice versa.

’ X) Theacids which have pH less than 4 are strong acids.

34 What are the properties of acids and bases? Give some examples of acid
~ “ontaiing fo?ds and base containing substances.

Define Arrhenius acids and bases and make it clear with examples.

Whu is amphoteric substance? Give examples of substances that have
_ *Mphoteric characteristics.

.‘_D-Fﬁne'angted.[,om acids and bases. Give a demonstration of each by
ch“’““] equations.

i wbat 15 conjugate acid-base pair? Give relationship between the strength
~ Mmacidang it conjugate base.

(307)
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Q:Y:

Q.10

Q.11

Q.12:
Q.13
Q.14

Q.15
Q.16:

(3.17:Calculate the H' ions and OH' ions concentrations of each of the foflown

Q.18:

Q.19

0.20: What is pOH of the plum having hydrogen ion concentration 1 58XIRE

Q.21
Q22

.23:

Write the conjugate bage for each of the following acids:

(a) HNO, (H)H,S0; () HSO,
(d)H,CO, (e) HF (f) HCO;

Write the conjugate aeids for each of the following bases:
(a)NH, (b) Br (c) CH,CH,NH,
(d)NO; (e)NH, (HH,0

What is the difference between Arrhenius and Bronsted-Lowry defipies
ofacids and bases? ‘S
What do you know about Lewis acid-base concept? Explainit,
What is the difference between strong and weak acids?

What do you know abeut the strongest acid and strongest base whichen
exist in water? |
How do you measure the strength of an acid or base” i
What is the ionic produet constant of water? Why the ionic productd
water increases by increasing temperature? Write an expression fork,
what s its value at room temperature?

solutions: |

(@) 0.IMHNO;solution (K, =25)
(b)  0.05MNaOHsolution. (K,=10") |
Caleulate the concentration of Hf ions in ammonia som(ign@edfﬂr
and glass cleaning whose hydroxide ion concentration is 0.025M.
What do you mean by the pH and 'H?'B@Wﬁ!‘eﬁ‘the)"m&&d?‘
gquation relating pH and pOH with pK,,. '

Is the solutionacidic or basic?
What is the pH of 2.0x10™*M NaOH solution?:

What is H and OH concentrations of a sample of tomat® os that D"
value of 4.507 PR k-

Caleulate the pH of each of the following Wluﬂonand clastt
solution as acidic or basig; o Pt ;

(308)

Scanned with CamScanner



) ] =43x10°M ) Y = 6axio’M
L @ [H] =95x10'M
. Caleulate the pOH of each of he fi
solution as acidic, basic or neutral:
@ [OH]= 1.0x10"M (b) [OH] = 24x10°M

(@ [OH]=10x10'M  (d) [OH]=78x10"M
(€ [OH] = 1.0x10"M

Howing solution and classify cach

0.25: Caleulate the pH of each of the tollowing solution and classify each
~ solution as acidic, basic or neptral:

(@ pOH = 0.00 (b) pOH = 1.62
(¢) pOH = 3.33 (d) pOH = 7.00
(€) PpOH =1392
}26: Calculate the pOH of each of the following solution and classify each
- solution asacidic, basic or neutral:
@ pH =1402 b pH =1214
© pH =761 d pH =700
L © s -1

7 What is meant by K, and K,? What is their relation to the strength of acids
_memesv

2 e the pH 0f 0.01M acetic acid whose K_valueis 1.7x 107

ﬂﬁld has 2.45 % 107°M hydrogen ion concentration and 2.45 % 10 "M
e ion concentration. The concentration of untonized formie acid is
| SM at equilibrium. Find out the value of K, for acid at room
__ mbuﬁhr solutions? Why buffers resist changes in pH? What arc the
o cahons of buffer solution?

, ilau hydrolysis? Chssafy the salts on the basis of reactivity with

- eand expnin leveling effect.
(309)
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Q33:

Answerthe following questions:
(a) Why water is considered asabase inthe Bm“smd-lmw .
(b) Why the value of K, of a conjugate base decreases by jn.
valueof K, of a substance?
(¢) Why a strong acid has a weak ccnlpxge\to.n,amm,@t 3
mlatwelyastrongmngate base?

(d) The aqueous solution of NH,Cl is acidic and that
why?

(e) AlCl,xssaxdtobcLewmacndbutnothnsted
() Why the sum of pH a.nd p‘H of the aqueous
equalto 147 . ‘
(s) Whyth'é-HClhaS""

.f

ncld" G
Mm? ™ M 58 \
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g1 Chemical Kinetics

92 Rates of Reactions

93 Collision Theory, Transition State and Activation Energy
94 Catalysis

" The students will be able 1o
® Define chemical kinetics. (Remembering)

® Explain and use the terms rate of reaction, rate equation, order of reaction, rate
- constant and rate determining step. (Understanding)

* Explain qualitatively factors affecting rate of reaction, (Applying)

* Given the order with respect to each reactant, write the rate law for the reaction,
. (Applying)

* Explain what is meant by the terms activation energy and activated complex.
' q}:?e the ideas of activation energy and the activated complex to the rate of a
| reaction. (Applying)

> {
| AL

- Sethe collision theory to explain how the rate of a chemical reaction is influenced
, “’ebmperatmz, concentration, size of molecules and. (Applying)
- “Mapolential energy diagram for a reaction, discuss the reaction mechanism for

g 2tion, (Applying)
(e effects of concentration, temperature and surface area on reaction rates.

iy ai | @e-signiﬁcatme of the rate-determining step on the overall rate of a multi-
e etion. (Analyzing)
P lhe tole of the rate constant in the theoretical determination of reaction

()
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. wdered ine reacts fuster (Analyzing)
9.1 IntroductiontoChemical Kinetics |
t very different rates. Some reactions ocor

The different chemical reactions occur .
very slowly and some occur very quickly. The reactions may take seconds, weekse

months to occur. The rusting of iron, the conversion of graphite into diamond, e
setting of cement and the decay of plants into coal oceur Very slowly. Similarlyth
cooking of food, formation of yogurt, the fermentation of glucose to give ethaml
and carbon dioxide; and the hydrolysis of an ester t0 give acid and ethanol are als)
the examples of slow reactions. On the other hand, the combustion of petrol, -
explosion of gun powder, the neutralization of an acid (HCI) by a base (NaOH), a8
the reaction of hemoglobin with oxygen and CO occur very quickly and are
fast reactions. Chemical kinetics is the branch of chemistry which deals with &%
study of reaction rate (speed), reaction mechanism and factors that affect
reaction rate. The laws of thermodynamics support us to decide whethet £
reaction is feasible or not but chemical kinetics helps us to know:
i)  How fast chemical reactions occur?
ii) How reactions speed can be controlled?
iif) Whatare the factors (variables) that affect reactions rate? &
f or example, when the food is stored in the refrigerator, the'
food is slqved down and the food is preserved. Here the reactiofl
(t-iecqmposmon of food) is controlled by decreasing the temperature: ' &
kivcticsnotonlyplys i 2 ORI Aysh
oL : ample, It helps to predict the expiry date of medic™ iy
medicines lose their effectiveness with th £ time 4% o
decomposition of active ingredi A axim® g
during industrial process. | ot It also helps us to get L er 4%
; alprocess. 11 the chemical kinetics that decides wheth §Y
chemical reaction is economical or not. For example, the economic 5
ammonia in the industry mainly depends on th i . qt which™
(N,and H,) are converted 1 € speed of reaction . | g™
S e dinto product (NH,). In this chapterwe maitly '
reaction rate, the mechanism and the variables that influence the reacti ol

(312)
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., Rates of Reactions

, i the conoentration of reactants or products per unit time 15 called rate

=i 7 reaction., 2
of Change in concentr

ation of reactants (or products) AC

Change in time At

,' 'y mactl(’n =
mor

The unit of rate of rceliclion depends on the concentration unit of reactants or
| ucts and the unit of time. The usual unit of rate of reaction is moles per

10 31 ]
metercube persecond (moldm s '), The usual unit for gaseous reaction is atm
£

~ (Consider a general chemical reaction in which the reactant A is converted
o u B.

A—— B

‘When the reaction proceeds, then the concentration of reactant 4 decreases
ithat of product B increases with the passage of time. It can be best understand by
iegraph. When we plot a graph between concentration (of reactants and products)
£ jauis and time on x-axis, then we will able to show the change in the
fcentration of reactants or products of a reaction with the passage of time. At the
fming, the slope of the graph for the molar concentration of reactants or
fUics is the steepest which indicates that the reactants are converted into
PUEls at greater speed. After some times, the slope becomes less steep which
"5 that the change in concentration

=110
ants or products s slowing { 09
Mthe end of a reaction, the |08t
. o0 Of the reactant becomes E 8.3
iy %at of product becomes the 3| % |
tl:: the‘» reaction stops. The g :: *
My, onUation of reactants %[ o5 1
%Ofcht::? gchs«u.s. an idea 02 t f
m"irctw ical reaction, L e
O1ypes of rates 0% 10 15 20 25 30 33 40 45 0
f“"’w, . e A
." ~Tate of reaction w,,gmlguugi%:: ;gmﬁx;&lﬁdmucts
“0freaction, with time for the reaction

(313)
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i) Instantancous Rate of Reaction

The rate of reaction at a particular instant during the time interyy) i

instantaneous rate of reaction. The instantancous rate of reaction goes gn

every moment. Itis very fast at the beginning and very slow atthe end of reast;
The instantancous rate of reaction can be calculated from the ol

callq

eXpressions: _d[A]
Instantaneousrate of reaction = T or
d[B]

|

Instantaneous rate of reaction = it

Where d[A] and d[B] show a very small change in the concentration
reactant A and product B) and dtshows a very small change in time. The d{A]
minus sign in the rate expression which shows the decrease in the concentration
reactant during the passage of time. The d[B] has no minus sign in the ok
expression which shows that the concentration of product B increases during
passage of time.

ii)  Average Rate of Reaction

The total change in concentration divided by total time is called averss® ried
on. ‘
e Total change in concentration d

Average rate of reaction = s

Total change n time |

At the beginning, the instantaneous rate is higher than the average ok

end of the interval, the instantaneous rate is lower than the aver3f® =y
instantaneous rate and average rate of reactions are equal for only onel

time interval.
te Law
9.2.1 TheRa o

We already know that, the rate of chemical reaction is directly Pmp
product of concentrations of reactants each raised to some poWe"

04

general chemical reaction, in which A reacts with B to produce € andD
aA + bB > ¢C +dD
Accordmg to law of mass action,
Rate of reaction o [A]'[B]’ &

Rate of reaction = K[AY [B]
This equation is called rate equation or rate law. Here KB

con Swnt-
(314)
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The rate equation is generally written in the form:

NPt | N | A

Rate

s the pmpoﬂima'i‘)’ constant of rate equation and is known as the rate constant
el fic rate constant. We can determine its value, if we know the concentration of
| [orse and order of rtactiqn. Its value is directly proportional to the rate of reaction,
g is, the reactions with higher rate has higher value of K and the reactions which
4 dlowly have lower value of K. The value of K remains same for a specific
actionand 1S independent of reactants or products concentrations and does not change

| ith time at constant temperature. The value of K increases by increase in temperature

—

by decrease in temperature. The magnitude of K alters when a catalyst is
{0 the reaction mixture. o

In the rate equation, it is not necessary that the powers (exponents m and n)
e atways equal to the co-efficient (a and b) of balanced chemical equations. Rate
wwean be defined as: An expression which shows how the reaction rate is related to
ncentration of reactants is called rate law or rate expression. It is determined
wperimentally. It is not predicted from a balanced chemical equation, because as
weknow that the sum of exponents in the rate equation may or may not be equal to
the co-efficient of balanced chemical equation. The value of the exponents in the
e law shows the order of reaction with respect to each other. For example,
misider the reaction of nitric oxide with hydrogen:
NG+ 23H, — 5 N,+ 2H,0 Rate = K[H3|[NO]’

_ Theexponentof 1 for hydrogen concentration shows that the reaction is first
et with respect to hydrogen. The exponent of 2 for the nitric oxide (NO)
 “Niration shows that the reaction is second order with respect to nitric oxide.

&"‘n of the exponents of both the reactants shows the overall order of reaction,

b %M""BW third order (1 +2 =3) overall.

T T

o mﬂnplaofmte R,

b ayg, eactions RateLaw
) ; ST AN O Rate= K[NO, |
| .““"( 3 o i
bi'* —— 4ND,+ 0, Rate = KN, 04
By 2 2m Rate = K[H,][L)

“2 Blop
tﬁ;ﬁ“"’y and Overall Reactions

hg,  OCCUr in single step but most of the reactions occur by a series of
e Ivolyed i aseveral stcp,reaction are called mechanism of reaction

(315)
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Or reaction pathway. A single step in a mechanism of reaction jg

S g ‘ ('i!llcd i
ciementary reaction or elementary step.

How do Chemists Determine the Mechanism of Chemical Reactions? It is not an eASY Work
determine the mechanism of chemical reaction, that is, it needs expertness, The che e
determine the rate law by experiments at first, and then they propose mechanism for chemigy
reactions. The elementary steps of the reaction are added up, if it gives the overall balanced
chemical equation, then this mechanism is accepted, if not, then rejected. They also comm
the proposed mechanism with experimentally determined rate law, if they do agree, lhnl(['."-‘
mechanism is accepted, if do not agrec, then this mechanism is rejected and work out fgr
\_another mechanism.

y
To understand the chemical reaction, the chemists must know the step by
step sequence of reactions by which the overall chemical change occurs. Conside
the following reaction "
NO; ) + €O ——NO,, + COy, Overall reaction
According to law of mass action,
Rateofreaction = K[NO,][CO]
But experimentally determined rate equation of the reaction is:
Rateofreaction = K[NO,J’ R
This equation shows that the rate of reaction depends upon the concentrii
of NO, and it does not depend upon the concentration of CO. The reaction isol
second order. The proposed mechanism for this reaction is: ‘

Slow

NOy +. GO . — NOy5 + COy Elementary reacti".

We get the overall reaction by taking the sum of the elementary reactio™
MOy + NOygy —— NG+ NO,,  Elementary ress®®
e ction

POy + COy —" WOy +COy  Elementary 2
NOyy +COg — NOy +CO,, - Overall reacti®
In the several steps reaction, all the elementary steps do 0ot have Mw !
rate, that is, one step is much slower than the others. The slowest st;pl M.
determines the rate of chemical reaction in a several step reaction 13 ¢ NM‘

determining step orrate _Ii:piting step. Note that, the overall reaction can® 9 L
than the rate of determining step (the slowest elementary reactions

above reaction, the slowest step (first step) is the rate d ining "’fdw: ‘
which does not appear in the balanced equation is called reaction inte™

(316)
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reaction intermediate has temporary existence and is unstable. Itis neithcta‘mfwm’lf
poraproduct but itis produced «.luring the path of reaction, that is, itis formed none
step and completely consumed in the later step. NO, has normal bonds and it can be
isolated (separated) under special conditions,
9.2.3 Order of Reaction and jts Determination
The number of atoms or molecules whose concentrations determines the rate of
reaction is called order of reaction. |t may also be defined as:
The sum of all the exponents of
‘called order of reaction. For eXample;
Rateofreaction = K[A]"[B]"
Orderofreaction = m+n

Order of reaction is determined experimentally. Order of reaction is not
predicted from a balanced chemical ¢quation because the sum of exponents in the
faleequation may or may not be the same asinabalanced chemical equation.

Important types of order of reaction are discussed below:

First Order Reaction

The reaction in which the rate of chemical reaction is directly proportional 1o the

first power of the concentration of one reaeting substance is cailed first order
Taction,

Rateofreaction = K[A]'

The rate of first order reaction doubles by doubling the concentration of

“the concentration terms in a rate equation is

For example:

Pt s 2NO, + %0, Rateof reaction = K[NO.]
) N}I4N02 —— N,#2H,0 Rate of reaction = K[NH4NO:]
*€ond Order Reaction

= "action in which rate of a chemical reaction is directly proportional to the
¢ Of the mojay concentration of one reacring substance (or to the product of
- “Oncentrations of two reacting substances) is called second order reaction.

b _Rmeofreacu‘on = K[A]2 or  Rateofreaction = K[A][B]

The rate ofsecond order reaction quadruples by doubling the concentrations

Rate of reaction = K[H,] [1,)
Rate of reaction = K[O,)"

(3
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Third Order Reaction

The reaction in which rate of a chemical reaction is directly proportiong 0
product of molar concentration of three reacting substances (or to the first POWergy
molar concentration of one reacting substance and square of the other r%
substance) is called third order reaction. i

Rate of reaction = KfAJB][C] or Rate ot reaction = K{AT(RI

The rate of third order reaction octuples by doubling the concentrationg of
reactants.

Forexample: |
1) INO + O, ——— 2NU, Rate of reaction = K[NOJ {0
1) INO + 2Hy ———=3 N, + 21,0 Rateol reaction = Ki;\i!f}?'\‘\'ﬁ;ﬂ

Zeroth Order Reaction
The reaction whose rate does not depend upon the concentration of any reacns
called zeroth order reaction.

Rate of reaction = K[A]'
The reactions catalyzed by enzymes and thermal decomposition et

|

may be zero order. |
Forexample:

i) Photosynthesis (Photochemical reactions). {

e Tungsten o e , o et |

i) s ZNEHy————— N, + 3H, Rate of reaction = K[MJ’?-I !

Experimental Determination of Order of Reaction
We can calculate order of reaction, if we know the rate of reaction: b
reaction is the change in concentrations of the reactants or products-
reaction s generally determined by physical and chemical methods: ™7
methods include spectrometry, electrical conductivity, dilatometry, o
optical rotation method, pH metric method, and gas (;hromatogfﬂphy melt”
The method used to monitor changes in the concentration of reacﬁ‘“ t.‘or g‘
depends on the specific reaction. Suppose a series of experiments is °°“d”c ¥

obsct:\’ed the effect of concentration on the rate of reaction 10 pl’e‘ﬁ‘:t
reaction. |

i) Supposeareactionhas only one reactang and i et valve?
(318)
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Table 90 b vaste sl @ ONLCOtration n! reG laniwA and B

Experiments 1 and 2 show that when we double the initial concentration of A
iom('»m t0 0.02. doubles the rate of reaction from 0.0025 to 0.005.
. Experiments 1 and 3 shows that when we quadruples the initial
Wmuon of A from 0.01 to 0.04, quadruples the rate of reaction from 0.0025 to

101 It means that the rate of reaction is directly proportional to the first power of
sncentration of reactant A.

Rate o [A]'

A reaction whose rate of reaction depends on the concentration of a single
wctant raised to the first power is known as first order reaction.
I Consider the reaction between reactants A and B. the value of the rate

nnstnntl( is 1.20mol 'dm’s ',
Table 9.2: lnmal rale and concmtmuon of reactants A and B

Lan qlladmples the initial concentration of B from 0.02 to 0.08, quadruples
9F reaction from 0.0048 to 0.0192. It means that the rate of reaction is

- P9Portional 1g the first power of the molar concentration of reactant B,
ol R (i)

Ex
g :mcnm I'and 3 show that when we keep the concentration of reactant B
(. double the initial concentration of A from 0.20 to 0.40, doubles the rate

0.0048 t 0.0096. Tt means that the rate of reaction is directly
(39)
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of concentration of reactant A.

(i1)

proportional to the first power

Rateoc [A]l  tlieeineenienieees
By comparing equation (i) and (ii), we have
Rate o [A]'[B] or

Rate = K[A]'[B]

The sum of the exponents of both the reactants shows the overal| grieg

reaction, hence this reaction 1 of second order (1+1=2)overall.
iii)  Consider the reaction between reactants A and B. the value of the

constant K'is 1.20mol “dm"s .

Tablc 9, 3 lmual rate and concentration of reacums AandB
. T .¢u§g;rna9fxm:rhs~r \‘;ﬁx’ ==

LEPL LI« =

Expenmcnts 1 and 2 show that when we keep

constant and double the initial concentration of B from 0,02 to 0.04, 42CL 4
rate of reaction from 0.0048 £0.0,0192, It means that the rate of ese2 5%
proportional to the square of the molar concentration of reactant 8.

Ratex [B] ... oo S 1)

Experiments 1 and 3 show that when we keep the c.oncﬁﬂtratl
constant and double the inifial concentration of 4 from 0.201004: %
of reaction from 0.0048 to 00096, It means that the rate Of
proportional to the first power of concentration of reactant 4.

Rate o [A] TLSNE e (@)

By comparing equation (i) and (ii), we have

Rate «[A]'[B] or '
Rate= K[A] [B]' e

The sum of the exponents of both m_mmgsbows the*

reaction, hence this reaction is of third order (1 +2=3) oV

a2
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- B~ T R Ay S e I e T 3T e’ : jn
'E’(m 9.1 ',A;:I\.:.‘. % ? "-.- ‘l' g“-.’» n}i‘-‘f “"l‘-.. # “‘ X ‘ .' «

C'onsid“‘he reaction between hydrogen and nitric oxide:
: NG+ H, —— ¢ 2H,0 + N,

aitiol ste data for the reaction between NO and His given below in the table:
Skl | lniﬁni Concentration (

!l:‘y:pt"‘imem~ g r— ;‘\."(’);’“‘_.}’ | (::::‘;L'E:f; :
=T 0035 | p0s0 | 25%10°
g 0050 | 0050 50x10° |

S X v | T LOx107% |

—— .

Fromthe above data, determine (2) the rate equation for reaction, and the
weaall order of reaction and (b) the rate constant value at room temperature.

~ Experiments | and 2 show that by doub] ing the concentration of H, from

0025 10.0:050, doubles the rate from 2.5 x 10° t0 5.0/ 107, hence the

¢ - rate of reaction is directly proportional to the first power of concentration
- ofreactantH,,

Rate ot [H,]' SRS, G ()
Experiments 1 and 3 show that by doubling the concentration of NO from
0:050t00.100, quadruples the rate from 2.5 x 10 to 1.0 10, hence the
rate of reaction is directly proportional to the square of concentration of
NO

ReexNOP G

" Byoompanng arin equanon (1) Au;i.(_ii),,we' obtain the overall rate equation.
E

- R = K ivop i =

R 2 0f the exponents of both the resctants shows the overal order
i m hence this reaction is of third order (1 +2 = 3)overall,

Mo that the rate equation for the reaction is:
K NOE o - B
*Ping the values in the above equation, we get;

K25 x10Pmoldms! ¢ 40 mol 2dm®s™!

L (0025 mol an (0,050 mol dm ™)’
(820
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LA

N

2 -3~ S
= S0X100 mol dm ¢ =5 = 40 mol Ygm’y
= (0.050 mol dm ')(0.050 mol dm ™)

: =3
v = 1.0 %1072 mol dm’s 5 i
* 7 (0,025 mol dm *)(0.100 mol dm™)

As discussed earlier, the rate constant is independent of concentrai
constant temperature. Note that the units of rate constant (K) dcpend o
number of concentration terms in the rate equation and on the valuey
exponents. Some of the common units of rate constantare given in the tabl:

Overall Order of Reaction | Rate Equation | Unitsof & |
F’irst’o‘rélcr Rate = K[A] g r
Second order Rate = K[A)[B] |mol'dm's' |
Third order Rate = K[A]'[B] |mol’dm's’ |
L | Zeroth order Rate = K moldm’s’ |

L 2 5 e
O ¢ 3N - s
n ool PR ¢ 1.:,‘71 P 2

Initial Concentration (mol dm™)

INOJ [0a]
o 0 0012
0.024
(b)  What is the value of the ANt
Ny SR LT SR P e

9.2.4 Factors Affecting Rate of Reaction
The rates of chemical reactions are iy jor factors:
s fluenced by five major fac

i)  Theconcentration of the reactants,

iil) Thcsurfacqarcaofmemactams.

iv) Thetemperature of the reactants.

v) Theactionofthe catalysts,

(322)
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In this topic we are

BOmg 1o discuss the first four and the action of the
catalysts will be disc

ussedin the li'»l‘tlwnnnng topic(9.4),
)  TheNaturcofthe Reactants

The mte of chemical reactions depends upon the nature of the reactants. Some
substances react swiflly while others react slowly. For example, the reaction of
~ potassium with water is very fast than that of caleium.
;‘r 2K + 2H,0 —=_,9k0 + g,
Ca + 2H,0 —__ Ca0H), + H.
The reactions between ionic compounds are fast.
NaCl and AgNO,in the solution is very fa
chloride ions have no bonds to break. In
betweensilver ions and chloride ions to prod

fast. Forexample, the reaction between
st. In the solution, the silver ions and
this case only new bonds are formed
uce silverchloride,
NaCly,) + AgNO,,, —F= AgCly, + NaNO,,,

On the other hand, the reactions between covalent compounds are usually
slow. For example, the reaction between secondary propyl alcohol and HCl in the

presence of ZnCl, is slow and takes five to ten minutes for completion because they
havea lot bonds that have to be broken.

(CH;),CH-0H + HCI iy (CHy)yCH=C] + H,0

5=10 niinutes

i) The Concentration of the Reactants

h’w rate of chemical reactions increases by increasing the concentration of all or

&y one of the reactants. For example, wood burn much more rapidly in pure O,

{100%) than in the air in which only 21% OXygen is present. Because the
centration of Oxygen in pure oxygen is five times greater than air.

By increasing the concentration of reacting substances, the chances of
*lsion between the molecules increases and the rate of reaction increases. This is

*H4use of the greater number of molecules per unit volume.

Rateofreaction o [A][B]

by Quantitative effect of concentration on the rate of chemical reaction IS given
“Tof reaction,

:{ The Surface Area of the Reactants

. tal reactiong occur at the surface area between the reactants. The rate of
frgy. . directly proportional to the surfice area of the reactants. The larger the
[’.":“M the higher is the reaction rate and the smaller the surface area the lower
- "Caction rye This is because, by increasing the surface area, more atoms or

L (323)
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molecules come in contact with cach other. The surface arca can be i“CfGaSCd

grinding the big crystals into smaller ones. For example, the reaction gf Al
granules with hydrochloric acid is very slow and that of zinc dust (powder) i very
fast.

> - . & f;'n'.\ e ' L
Zn ., (Gramiles) + 2HC ey » ZnCly H,

’ - T-'.:- " +
Zn,(Dust) + 2HCl,, — ity ZnCly,, + Hay

1ag)

Likewise. the reaction of marble chips (big pieces of CaCO,) with sulphy
acid is slow and that of marble powder is fast. You know that it is difficult 1 ignite
the big log. This is due to small surface area. [T we break the log into smaller iy
sticks (kindling), then the surface area increases and it will become easy to ignite
kindling. |

iv)  The Temperature of the Reactants
The kinetic energy of the particles of the substance is directly proportional to the
temperature of the substance. By increasing temperaturc, the kinetic energy of s
substance increases which in tumn increase the rate of reaction of both the
endothermic and exothermic reactions. Why we keep milk inside the refrigerator!
We know that the rate of reaction decreases with decrease in temperature. Wheawe |
keep milk at lower temperature inside the refrigerator, the chemical reactions tat
cause the milk to spoil are slow down and hence the milk remains fresh fora fonger”
time. [fwe keep it in the kitchen at room temperature, the milk will spoil muchmi®
readily and becomes sour. On the other hand, food cooks more quickly in presi
cooker (airtight pot) than an open pot. The boiling point of water in pressure o
is higher than its normal boiling point of 100°C. At higher temperature, the hest®
decomposition of food (rate of reaction) is high and hence, the food cooks n short
period of time. 3

At room temperature, the rates of many reactions mughly double withi e+ .
10°C rise in temperature. If the temperature is increased by 20°C, the P54
reaction will be increased four times. However, the actual rise in the rate of¢! pmich
reaction can be determined by experiments.

9.3 Collision Theory, Transition State and A ctivation Ener&
9.3.1 Collision Theory P

According to the collision theory of chemical kinetics chemical reactions8 8
ace by collisions betwe : » . acia®
take place by en the reacting substances (atoms, molecules® g

By increasing the.concentration of reacting substances, the chances of €
hetween partlclcs increase due to greater number of part;cles per unit yolum™s

(324)
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e

pence the rate of reaction increases. The rate of colliston 1s directly PTOPOfﬁOMI to
mcmnccntrmion of reactants A and B,

Rate of cotlision x [A]{1}]
The rate of reaction is directly proportional to the number of collision
petween the reactant molecules per second.
Rateofreaction o \llmhurut'('ulh\‘mu\lu'rucg-un(i
We may say that by increasing the concentration of reacting substances, the

rte of collision increases which in turn increase the rate of reaction and vice versa.

Consider the formation of a product by the reaction of reactants 4 and B. If the
¢ concentration of reactant 4 is doubled, the rate at which B molecules collide with 4
- molecules 1s also doubled. Likewise, if the concentration of reactant B is doubled,
- therateatwhich 4 molecules collide with B molecules is also doubled. The reaction

is second order overall. The rate of some reactions is directly proportional to the
square of molar concentration of reactants,

By collision old bonds can be broken and new bonds can be formed. All the

eollisions of molecules do not give products. There are two types of collisions;
. (a) Effective Collisions (b) Ineffective Collisions
The collisions which give products are called effective or fruitful collisions.

~ Thecollisions which do not give products are called inefTective collisions
_ Three main conditions of this theory are:

! The reacting substances must collide with one another to react.

* Foreflective collisions, the molecules must have sufficient amount of energy to
“nthe reaction by breaking old bonds and forming new bonds during the process.
. -reactant molecules must collide with proper onentation that could enable
—Mloreact with one another.

all the collisions among the reactant molecules are effective, the reaction
E complﬂ.edinashomimc.
: Transitigp State
ey high cnergy specic which is formed by collision of réactant molectles
Roseg.. | “ivated complex. Itis short-lived specie and decomposesinto products
% 1y, 1185 a transient existence that is why it is also called a transition
ke, OUN Of energy needed 1o convert the reactants into the activated
Mg, "sition Siate) is called activation energy(E,). When molecules
T, ¢ Of kinetic energy of colliding molecules is converted into potential
e molecules slow down. If this potential energy is equal to or
(298)
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more than activation energy, then the molecules may be acl.i v ut.cd and the actiygey

complex is formed. If this potential energy is less than activation cnergy, then |
molecules upon collision bounce back and do not form the .acuvatec.l complex ang
the reaction does not occur. The activated complex has partial bonding of bog, the
reactants and products. When activated complex is formed, then there are iy,
possibilities: :

(a) Itmay reconstruct the original bonds and change back into the reactants:

(b) Itmay construct new bonds and change in to products.

Both forward and reverse reactions produce the same actwa.ted complex. Fg
example, molecules A, react with B, to give product, AB. The actwgted complex s
formed when molecules of A, collide with molecules of I?z . The activated complex
has partially broken and partially formed bonds. In this process. old bonds i
broken between the reactants atoms (A-A and B-B) and new bonds are forme

between the atoms A and B to produce the product (AB).

B e A B
A B A E
+ — e -
1
: !
A B Areemsesesenas - B A—8
(Reactants) {Activated Complex) (Products)

Figure 9.2: Activated Complex of Reactants A, and B,
The transition state (activated complex) is always at higher energy
the reactants and products.
vation Ene |
?’i’:.l::u:u?:m amount of ﬁrgy required which the molecules must have'® fm“‘
activated complex is called activatioin energy. It is represented by Eu
i ilojoules per mole (kJmol ). ‘
joules ﬁ(;lféactamrs)c are not directly converted into products. They first 83‘“
to form an activated complex and then this activated complex decO™
products. We can say that activation energy is an energy barrier (07 © . "o
hetween the reactants and products. The reactant molecules must €ross ,
barrier before they can form the products, s
Crossing this barrier is similar to carrying a ball to the top of e
rolling down the other side, But if the ball will not reach at the top Of'hl“;t
back. Similarly, if activation energy is not provided, the reaction wm!: |
the reactants will not converted into products. It can be best unders
(326)
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diagrﬂm‘ ‘-A’l%’-:_cl\ulm[ﬂrl ,
case of CNOlhcrmjc / AchevitHion energy i the
[n - ! l_ enerey difference between
ctions, the polcntml energy  of 2 Fa— I”‘m#»”‘: sud the activated
gcumrs is higher than products. This | I J
difference is shown by AH. Tostartthe 7| | 1
jon, W€ have to pTOVldE the = 1 Heat ol Resctoen (A H) .:x:h’ m?:;::m
aergy E, 10 reach at the top of the ‘ 1 SEN]
micr. ——y
In case of endothermic
ractions, the potential energy of Reacrion path ———s
reactants is lower than products. This Figure 9.3: A graph between reaction path and
: potential energy for exothermic reaction
difference is shown by AH, To start the Activated omplex

Activation energy is
the energy difforence
betwoen reactants and
the activated complex

G Pexdects

racion, we have to provide the
emergy E, to form an activated

somplex.
The activation energy for the

Moaritial Eneipy

trward and reverse reactions is not | |

ame for all of the reactions. Fg_f' : —
xoffermic_reactions, the activation ] X

sergy for the forward reaction is less e pee ——e

Figure 9.4: A'graph between reaction path and
l’ﬂﬂﬁof reverse reaction because potential energy for endothermic reaction

uwmmat hnchr cnergy levc] than thc products On the other hand, the
df) O : . B |

Pmducts arc at hlgher energy level than that of reactants. For
mfh""nw reactions, the activation energy for the forward reaction is higher than
€IS¢ reaction because the reactants are at lower energy level than that of
M""’“ On the other hand, the activation energy for the reverse reaction is lower
2 that of forward reaction because the products are at lower energy level than

@ ¥ -v-"’NOtﬂh'at:
Mﬁchons which are exothermic in forward direction will be

'past inthe reverse direction,
e reactlons usually have low activation energies, and slow

7‘*:\ :

el flactwatlon energies.

gy, t")’ (Effect of Catalysts)

‘- ® which js not consumed in a reaction but alters the rate of chemical
S calleg Catalyst. In most of the cases, the catalyst increases the rate of

(327)
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chemical reactions but in some cases, it decreases the rate of chemical gy
The catalyst which increases the rate of reaction is called positive Gatalysczl
catalyst which decreases the rate of reaction is called negative catalyst or i nhiy,
The increase in the rate of chemical reaction by the addition of a catalys ig o
catalysis.

Catalysts not only play an important role in living organisms byt they
play an important role in chemical industries too. In living organisms, the cheni
reactions are catalyzed by bio-catalysts called enzymes. In industries, the
chemical reaction can be increased by raising the temperature of the reaction buti
not economical. For example, the formation of ammonia by Haber process infk
absence of catalyst is very expensive. The addition of catalyst makes the formatie
of ammonia economical. That is, the chemical reactions that are catalyzed by
9.4.1 Characteristicsof Catalyst
The characteristics of catalyst are as follows:
reaction to produce the product in a short time. In the presence of a catalfs
reaction occurs at higher rate and at lower temperature. [t changes
As a result of this, rate of reaction increases. For example, OXYge? g _

(KCIOS) i

catalysts occur with reasonable rate at a much lower temperature and meke i
reaction economical.
.
I) Themain function of catalyst is to increase the rate of reaction by decreasinz®
activation energy. It does not increase the amount of product but it speeds 91"
- mechanism of chemical reaction and a new reaction path is provided ©0 the
In this way, greater number of reactant molecules can cross the lower enefgy ™

obtained by the thermal decomposition of potassium chlorate
]gbo;gtory:

2KCIO0;¢ > 2KCl + 30, o
i 2(g) eatet®
The decomposition of KCIO, at room temperature is very slow Whe?
absence of a catalyst.

2KCI03 —se—> 2KCly + 30, y

On industrial scale, the reaction must occur at an aPPreCidblc rate ,{nd il: ot
high yield of the product. Hence, the rate of decomposition ¢an be 1n

o it
<mall amount of manganese dioxide (MnO,), a black powder, < added®’
Heat+Mn();
2KC|O3(5) tFnsl‘( = ZKCI“) 1 302{9
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[t s clear from the ﬁgu.rc 9.5 that the t I -
catalyst lowers the activation energy .
and provides a new pathto the reaction . |
put AH remains same.

i) The catalyst (MnO,) is not
. consumed in the reaction as discussed Hoat of Reaction (A H)
. earlierand can be recovered at the end ' | l
of reaction. The catalysts recovered
can be used again, Hence, catalyst is
got written into the equation because it

Reaction path ————

neither ac't_s R reac‘lam oY as 8 Figure 9.5: Effect of catalyst on activation energy
product. It 1s usually written above the of reaction

i) A catalyst only reduce the time of cquilibrium, it does not change the

equilibrium position of reversible reactions.

iv) Acatalyst has no effect on the total enthalpy (AH) of reaction. Hence, it can not

start those reactions which are not thermodynamically feasible.

v) A particular catalyst works for a particular reaction. A catalyst can catalyzes

only specific reaction and cannot be used for every reaction. Change of catalyst also

changes the nature of the reaction. For example, in the presence of nickel (Ni), the
tarbon monoxide and oxygen gases of water gas (CO+H,) react to produce CH, and
H:0while in the presence of ZnO catalyst, they react to produce CH,OH.

COg + 3Hy —™— H0p + CHyg

COg + 2H,,, —=2— CH,0H,,

If iron coated alumina is used as a catalyst, then the mixture of carbon

monoxide and hydrogen gases produce octane (gasoline).

_8*(;0(8) + 17 sz FeAlDy o C8H18(!) + 8}{20(0
,'»n) Catalyst can be deactivated by small amount of impurity. Deactivation of a
Wy“ by small amount of impurity is called poisoning of a samlyst A subslancci
m%m@ the catalyst is called poison. For example, in contact process of

. * the presence of small amount of As,0; (impurity) in sulphur dioxide gas

oty

Potent

gy, the catalytic behaviour of V,0; (vanadium pentaoxide). Here Arsenic
' “lalytic behavior of catalyst can be increased by the introduction of

L @9
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another substance, A substance which increascs the activity of a catalyg i callus
promoter or activator. It is also called Catalyst for a catalyst. For example, Nickel
used as a catalyst in the hydrogenation of vegetable oil to ghee. The Catalyge
activity of nickel can be increased by using copper and tellurium.
viii)Catalysts are more effective in a finely divided form (powder form) because

high surface activity. For example, a finely divided nickel also called Raney
nickel is used in the hydrogenation of vegetableoil to form ghee.

9.4.2 Typesof Catalysis

Catalysts exist in different physical states: therefore, there are three types of
catalysis on the basis of the nature of the rate increasing substances: (3
Homogeneous Catalysis, (b) Heterogeneous Catalysis, and (c) Enzyme Catalysis

a) Homogeneous Catalysis

In homogeneous catalysis, the reactants and catalysts are in same phas.
Homogeneous catalysis occurs either in gaseous phase or in the liquid (soluticg]
phase. Consider the example of the formation of sulphuric acid by lead champt
process. In lead chamber process, sulphuric acid is produced by dissolving S0, @5

in water. The SO, gas is obtained by the oxidation of SO, gas. Such reactiotii

catalyzed by nitric oxide (NO).
N0y
2 Soz‘g, + O:(g) { 2 SO}(B) '
In this reaction both the reactants and catalyst are gases. e
Consider another example of the hydrolysis of an ester (ethyl acetate) 15

presence of anacid (sul phuricacid) orabase (KOH).

= HO70c OH™ A
CH;C00C,Hsg" H:0p ¢ > CH,COOH ot C,H:Ohe
Here both the reactantsand catalyst are in solution.

b) Heterogeneous Catalysis B
[n heterogeneous catalysis, the reactants and catalysts are in different g
heterogeneous catalysis, the reactants are mostly in gaseous or in liquid sﬁA
catalysts are in solid states. Heterogeneous catalysis most often involves '.
reactants which are being on the surface of the solid catalyst. The atoms 208 e
the surface of catalyst are very reactive and provide a site for the react®
adsorption may either be physical or chemical. In physical adsorption, the ™ Gk
are attached to catalysts surface by weak intermolecular forces
in chemical adsorption, the reactants are attached to the surface of the ‘ ,
chemical bonding-The bonds in the reactant species during chemical "'
may either be broken or weakened. The adsorption of reactants On the s

(330)

Scanned with CamScanner



alyst increases the concentration of reactants which in turn increases the
Sﬁﬁd fxf:acm" Consider the manufacture of sulphuric acid by contact process. In
c' process, sulphuric acid is produced by dissolving S0, gas in water. The SO,
{sobtamcd by the oxidation of SO, gas in the presence of vanadium pentaoxide
p )catalyst Wil
250,{” + 0248) —= 2803‘81
Here reactants are gases and catalyst is solid.
Consider another example of the hydrogenation of ethene to ethane in the
wwesence of nickel catalyst.
i CH, —C}'Ig(g)+ ij ———-) CH‘ CH3(£)

; | Hcre reactants are gases and catalyst is solid. Most of the catalysts used in

‘ndustrial chemical processes are heterogeneous, because such catalysts can be
sl sqamled from the reaction products to some extent.
Table 9.4: The Uses of Some Heterogencous Catalysts

i molecule: wmumyumchmmwmsmmelmng
i oy < “l?-amea.msclwnucd reaction which is catalyzed by
ted catalysis Ewnenzymexsproducedmapamcularh\rmg

; ‘l’eachontakmgplaceinthatoell. Many enzymes have been
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identified and obtained in pure crystalling state from the cells to which 1 be .
However, the first enzyme was prepared in the laboratory in 1960, Sumec0

examples of enzyme catalysis are:
i)  The starch is hydrolyzed into maltose by diastase enzyme presentin he ygge

(-.\

2(CH405) + nH,0 — e nCpH 0,

(Starch) (Maltose)
ii) The maltose can be converted into glucose and fructose by maltase;'
present in the yeast.
C;H0, + H,0 P, CH 0 * CH 04

Yeast . e, -
(Maltose) (Glucose) (Fructose) d

iii) The cane sugar juice can also be converted into glucose and fruc ;

invertase enzyme present in the yeast. :
CixHpnO)y + H0 —2% 1 CH,0, + CeHiji0, :

Yeast { : ; »
(Sucrose) {Cilucose) (Frugtose) ‘

>

iv) Glucose canbe converted into ethyl alcohol by the zymase enzyme press
the yeast.

CeH 206 —22= 5 2C,H,0H. + 2€0,

-

y) The urea is hydrolyzed into ammonia and carbon dioxide by ureasé A%
present inthe soya bean.

(NH;),CO. + H,0' —=s 2INH; + CO;
Urea

Ammonia
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product is called effective collision. ~
> Catalystis a substance that usually speeds up a chemical "eactlﬁnby
activation energy, The catalyst is not used up by the reac i
recovered at the end of reaction. Sk

hmg cells 'l'hcy are also known as biologxcal cafalysts :
3 the reacuonsmﬂ:elwmgcens

Q.l1. Fouranswersare given for each question. Select the correct one:
i) Chemical kineticsdeals with the study of:
(a) Reactionrate (b) reaction mechanism
(c) factorsthataffect the reactionrate (d)all of them
ii) Theenergy ofactivated complex is:

(a) Lower than the energy of reactants and higher than the coetf)!
products

{
(b) lower than the energy of products and higher than the o
reactants
(c) lowerthantheenergy ofboth the reactants and products

(d) higherthan the energy of both the reactants and products bl
ii1) A substance that alters the rate of chemical reaction witho
consumed in the reaction is called:

(a) Catalyst (b) reactant

(c) product (d) activated complex

iv) Thesloweststep ina step-by-step reaction is called

(a) Ratedetermining step (b) rate limiting Step ‘
(c) ratecontrolling step (d) all of them ling

v) The rate of which reaction increases four times by ¢ 1
concentration(s) of reactant(s)?

(a) Firstorder (b) second order

(334) J
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(¢) thirdorder (d) zero order
viy  Decomposition of N,O ¢ is an example of!

(a) Firstorder (b) second order
(c) third order (d) zeroorder
vii) The collision that results in the formation of product is called:
() Fruit full collision (b) effective collision
(¢) bothaandb (d) ineffective collision
viii) Which one of the following does NOT influence rate of reaction?
(a) Concentration (b) temperature
(c) catalyst (d) activation energy
ix) Theunitofrate constant for third order reaction is:
. (a) s : (b)ymol 'dm’s '
(¢) mol“dm’s™ (d)mol dm s’

x) Which one of the following reactions is NOT the example of
heterogeneous catalysis?

a) 250, + 0, ——— 250,
b) (CH,=CH; + H, —=— CH,-CH,

¢) €O+ 2H, —u 20 , CcH,0H

d) 280, + 0, =——— 250,

Q2. Fillin the blanks with suitable words given in the brackets:
i)  The change in the concentration of reactants or products over time is

called . (reaction rate/reaction mechanism)
i) At the beginning the instantancous rate is than the

average rate. (lower/higher) .
i) A catalyst that increases the rate of chemical reaction is called

- catalyst. (positive/negative) . .

V) The rate of reaction by increasing temperature.
decreases/increases) |
V) A catalyst the activation energy of the chemical

feaction. (decreases/increases) o
Vi) he amount of energy needed for molecules to undergo reaction is

——____.(internal energy/activation energy) ’
Vii) The smaller the surface area of the reacting substances, the

> is the reaction rate. (higher/lower) . .
m metals (group 1A elements) react with water swiftly than

a'kﬂlinc earth metals (group 1A elemcntS) due to L
(335)
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Q.3.

f!tomic sizes. (smaller/larger)

1X) At room temperature, the rates of many reactions roughly dq
with every 10°C rise in temperaturc due 1o inubk
number of effective collisions. (decrease/increase) e
x) A substance which increases the activity of a catalyst is calleg
. (activator/inhibitor)

Label the following statements as True or False:
i) The neutralization of acids by bases is the example of soy

reactions.
ii) Order of reaction is predicted from a balanced chemical equation
the rate equation 1s equal to the

because the sum of exponents in
coefficient of balanced chemical equation.
iii) For exothermic reactions, the potential energy of reactants is higher

than the potential energy of products.
iv) The activation energy is the minimum when all the collisions
among the molecules of reactants are effective.

increases By

v) The rate of both forward and reverse reaction

increasing temperature.

vi) [Itiseasytoignite the match stich than a big log. |
vii) Thereaction intermediate has temporary existence and is unstable.
viii) The activation energy for the forward and reverse reactions 1§ Sm

for all of the reactions.
ix) Asubstance which slows down a reaction is called inhibitor.

x) Aparticular catalyst works fora particular reaction. 8
What is chemical kinetics? What information it gives for the chem*

reactions? -

What is meant by the reaction rate? What are the usual units of read!

rate? _:
wﬂl"d

How can you differentiate between average rate and instantane0
chemical reaction?

Name the factors that affect the reaction rate. Discuss the €
concentration, temperature, and surface arca on reaction rates: . gy B
What is reaction mechanism? Discuss the reaction mee |

reaction. o
What is order of reaction? What do you know about first O‘M,;up" o
order. third order and zero order chemical reactions? Give ane® |
each. .

. Consider lgti formation of phosgene gas from CO and CL: /j
CO (® + '2(g) o COCIZ (®) | mﬂ
empe®

The initial rates obtained from three experiments ata given
giveninthe table.
(336)
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Initinl Concentrs thon (mol dm™)

Initinl Rate

Experimonts ' 4 A
' [CO [Cly (mol dui s )

Bt | 0.015 ' 0.0068 | 17x10"" |
2 | 0030 | go0es ] 340 10"
3 | ouos | 00204 | sq0x10"

By using the data, determine (a) the reaction orders for both the reactants,
the overall orgier of reaction and the rate law, and (b) the value of the rate
constantat a given temperature,

Q.11 Define tate determining step, eclementary step, and reaction intermediate.
Q.12 Explain the sigmficance of the rate determining step on the overall rate of a

multistep reac lion,

Q13: Explain collision theory and give main conditions of this theory.
0.14: Explain the following:

(a) Rate law (b) Transition state (c) Activation energy

QI3: Explain how activation energy influences the rate of chemical reaction?
QLI6: What.is catalysis? Explain the difference between homogencous and

i

heterogencous catalysis, Give an example of cach,

WQI7: Whatis catalyst? What are the characteristics of catalyst? What is the efteet

ofacatalyst on the activation enc gy ?

QI8: Describe some of the important industrial processes that are dependent on

catalysts,

Q19: Explain the following statements:

) Thereaction of thick copper wire with hot concentrated sulphuric acid
i5slow and that of thin copper wire is fast.
b} All collisions of reactant molecules do not result in the formation of

product, Give reasons.

¢) The rate expression for a reaction is determined from experiment and
fot from the balanced chemical equation.

9 The rate of reaction can be increased without changing the
‘emperafyre,

&) Th.e order of reaction is not necessarily equal to the sum of the
5 “Micients in the balanced chemical equation.

x) Catalysy j neither areactant nor a product.

b The radioactive decay is the example of first order reaction,

) mm@ﬂdorder'mdthirdorder reactions have different units.

o Which sugar digsolves the fastest, the granular sugar or the powder

‘W'Gi"efeason.
(337)
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10:1 General Properties of Solutions
‘ wﬁcmmmhon Units
103 Raoult’'s Law '
104 Colligative Properties of Non-Electrolyte In Solutions

10.5 Colloids

ST n’g' T

<L

RS PET e

“ rhc ;luci;ms will be able 10
hat distinguish hem frol

[List the characteristics of colloids and suspensions

solutions. (Applying)

Defirie hydrophilic and hydrophobic molecules. (Remembering) s
ase giving examples of compt

Explain the nature of solutions in liquid ph
miscible, partially miscible and immiscible liquid-liquid solutions. (APPWU@"
Explain the offect of temperature on solubility and interpret the solubity #

(Analyzing) .
Express solution concentration in terms of mass percent, molali
per million, billion and trillion and mole fraction. (Remembering)

Define the terms colligative. (Remembering)
Describe on a particle basts why a solution has a lower vapor pre

solvent. (Applymg) .
E~tglain on ; lﬁrgC!? basis how the addition of a solute to 8 put® sobvet!
:Lcltxfigzr.l((f)\;;pl;inoglimg point and depression of the freezing pointof 1
Describe the role of solvation in the dissolving process. (Understan
Define the term waterof hydration. (Remembering) ol

ion. (V"4

Explain concept of solubility and how it applies to solution saty rati .

i

ty, mohﬁ‘?‘p‘%i

ss’ul‘cmm‘ﬂ

ging)

Distinguish between the solvatio 1o .
( Understanding) n of jonic species and molec

(338)
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that has mass and occupies space is called matter. Matter is of two't_ypes:-:

stance (pure substance), and (ii) mixture (tmpure substance), Mixtures are
jied as cither homogeneous (uniform composition throughout) or
geneous  (different composition in different regions). Solution is a
jeneous mixture of two or more than two di fferent substances consisting of
»molecules. A solution has at least two components. The component of
pwhich is in lesser amount is called solute and the component which is in
amount is called solvent, For example, NaCl is solute and water is solvent in
‘solution. In the everyday routine, we make or use solutions very often. In
of the day, we drink a cup of tea which is the solution of water (solvent),
ugar (solute) and soluble extracts of tea (solute). Other common examples of
olutions are natural gas (homogeneous mixture of gaseous lower hydrocarbons),
gasoline (homogeneous mixture of liquid hydrocarbons), soda water (solution of
inwater), milk, sea water, steel, shampoo, and the air we breathe, The amount
ute in the given amount of solvent or solution is called concentration of
0. The solution which has relatively lesser amount of solute js called dilute
and the solution which has relatively a larger amount of solute is called
entrated solution, For example, 5% aqueous solution of sugar is dilute than
dqueous solution of sugar. Likewise, the 10% aqueous solution of sugar is
ated than 5% aqueous solution of sugar.
§- The solution of a substance in water is called aqueous solution. Aqueous
10ns are the most common solutions and play an important role in chemistry.
0 examples of 4queous solutions are sugar-water and salt-water solutions.
ay be gases, liquids or solids. There are nine types of solutions on the
S0 phy swalstates(ge solid, liquid and gaseous nature) of solute and solvent.
Table 10, 1: Types of Solutions on the basis of physical states
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Siateei | Statcof | State of Resulting i
»"\_M‘YJL__ Q,l- "' w ‘. . l‘- wi Pl

Mercury in Silver {dental amalgam)

Liguid. |  Sotid Solid |
| | . Cheese, Butter
Gas = GT“ e —C;as_ i | Dust in smoke B -
Eenmile o0 - g 1 sugar in H,O. Jellics, Paints,
Sahd \ Ligquid | Liguid \ Vinegar, sea water
Solid | 'stmdvT-_ Cslid | Metalalloys. stecl, pearls,opal, iy,

" | ‘ garmet, Brass (Cu/Zn), Solder (Sn/Phy

——————

Keep in Mind

In the atmosphere there are at least three kind: .
oxygen dissolved in nitrogen, (1) liguid in gas-waler vapour dissolved i air, and (i
solid in gas-tiny particles of smoke dissolved in theair.

In general, polar solutcs are dissolved in polar solv. nts and non-polar soluls
are dissolved in non-polar solvents. The common polar so! ~nts thatare used inile
laboratory are water, acetone, methyl alcohol, and ethyl alcoli 7. The commonn
polar solvents are other. chloroform, carbon tetrachlorid ', hexane, foluem

benzene.

10.1 General Properties of Solutions

Some of the general properties of solutions are:

1) A golution has at least two components: a solvent and a solute. [tmay have
than two components: & solvent and two or more solutes.

ii) A solution doesnot have fixed composition; that is, the ratio of solue
different fromsolvent.

iii) Thesolutes particles consist of ions or molecules.

iv) Solutionsmay either be colourless of coloured and are usually transp¥® }
V) The properties of a solution do not remain same when the ratio wal 1
solventis changed. St
vi) The solute particles are uniformly distributed in the whole soluﬁﬂ“ i
solution 1s homogeneous throughout. The solute particles will ht sgettle ot 7
atime. The composition and properties of the every part of the solution i
game as every other part. - 3
vii) The solute can generally be separated from the solvent by physi“‘ &
guchas evaporation and distillation,

m"
¥

Minms



10.1.1 Solution, Suspension and Colloids
wlixtures are classified into homogencous mixtures and heterogeneous mixtures,
Homogeneous mixtures are further classified into solutions and colloids.

Asolution is a homogenous mixture of two or more components. The solute
particles of solutions are so small that they cannot be seen by the naked eye and
microscope. Due to small size, the solute particles pass through filter paper and are
not separated from the solution by filtration, The size of solute particles ranges from
¢ about0.01nm to Inm. Examples of some common solutions are sugar in water, soft
drinks, gasoline, and air,

Asuspension, on the other hand, is a heterogeneous mixture and the particles
are s large that can be seen with microscope and can often be seen with the naked
eve. Due to bigger size, the particles cannot pass through filter paper and can be
separated from heterogencous mixtures. The particles of suspension are heavy
enough and will settle out under the influence of gravity after a time. The size of
particles is more than 1000nm. A common example of suspension is muddy water,
Other examples of suspensions are soot, chalk powder in water, sand in water, flour
m water and milk of magnesia. Many of the medicinal solutions are marketed as a
suspension that are labeled as "suspension” and instructed “shake well before
using”. You may be familiar with antibiotics that aré aqueous suspensions ‘and are
. Well shaken before using. The main purpose of shaking the antibiotics is to mix the
substance uniformly in a solvent,

A colloid (or colloidal dispersion) is also a homogeneous mixture of two or
mf’fe components like solution. The word colloidal means “glue-like” and was
oniginally applied to sticky substances such as starch, gelatin and! glue. We cannot

'the terms solute and solvent for the components of colloids because the solute
Particles arc not dissolved in the solvent and is present in the form of tiny particles
tare suspended in the medium. We, therefore, use the terms dispersed phase for
lu.te and dispcrsing medium (or continuous phase) for solvent. The dispersed
icles are Present in lesser amounts than dispersing medium in colloids.
Ples of colloids are milk, hair sprays, fog, smoke, clouds, butter, face cream,
E“chnt:; Starch and blood serum. The dispersed palrtis:les»are.interm'ediatc. in size
tlojg, 08¢ of a true solution and those of suspensnolt:. Thi d(lispersed parncl.es of
i %scoa': S};) small that are not usually See“b by lt etr“"-‘ pioiad and ordinary
) "ivelyps - Mowever, th‘ey can be c'lclected y electron microscope. Due g
g, 0 omallsize, the dispersed particles pass through filter paper of large pores
han: IOt Settle ot under the influence of gravity over time. The size of disperseq

I lcl(‘“‘is‘iboulanto 1000 nm.

‘ ./.

e

~
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10.1.2 Hydrophilic and Hydrophobic Molecules

Hydrophilic (adj.) (Greck = 'water loving’) molecules are polar and having affiyg,,
for water. They have ability to form hydrogen honds or 101 dipole forces wity, Water
and are readily soluble in water. Hydrophilic substances are also known as ol
substances. Examples of hydrophilic molecules are Sugars, salts (NaCl), alcahole
(ethanol).

Hydrophebic (ad).) (Greck = 'water hating') molecules are non-polar ang g
repelled by water. The word hydrophobic does not actually mean that they hay
water but it means that they are unable to form hydrogen bonds with water and ane
not dissolved in water. They are dissolved in non-polar solvents such as ether,
carbon tetrachloride, benzene, Hydrophobic substances are also known as nos-
polar substances. Examples of hydrophobic molecules are oils, fats, alkane

(hexane), and greasy substances.

What happens when we add a lump of sugar in water and stir it? The sugx
forms hydrogen bonds with water and is dissolved. What happens when we addhalf
test tube of oil in another test tube containing water? The oil does not mix Wil

water. Sugar is hydrop hilic and oil is hydrophobic.

- k:“

e = e |
L4 ~ -4

22 e -
P S

The use of Soap and Detergents g
The soap is generally used for bathing and detergents are used for Wi

Soaps arc mixtures of sodium or potassium salts of fatty acids. A s0ap

<& amphipathic and has two ends, the head and the tail. The head of!
hydrophilic and the ail of the soap is hydrophobic. When we put <

“The hydrophilic end is attracted to water and the hydropbobic end s

water. Hydrophobic end that consists of long chains by
<tructurally similar to oil is out of water and is attracted by othe
“ubstances suchas oil droplets and grease that are present at the sur
cloth. The soap in this way forms an emulsion (colloid) with ¥
1 wash skin, clothes or greasy dishes to remove stain or dirt from 81y, oo}
L ike soaps, detergentsalso have molecules with a polar end and 8 B0

e -

'3 TheNature of Solutions in Liquid Phase

be gaseous, liquid, or solid as we know. But here we V!
0[5 0 i "‘

themos‘c

golutions may . |
liquid solutions because they are in the interests of chemists as |

at significance occur in liquid solutions and are undoubtedly
and important: Liquid solutions are formed by diss
(342)
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liquid, or solid in a lfqlni\l solvent. The process of dissolving of solute in a solvent is
galled dissolution. Examples of liquid solutions are soda water. iodine tincture, tap
water, sea water, house hold ammonia. brine, sodium-potassium alloy. Liquid
solutions are the most common types that you found in laboratory of chemistry,
super market and at your home. In our daily life we dissolve su gar in water to make

~ ea, salt in water to cook food. CO, in water to make soda water. Soda water is an

example of gas-liquid solution where carbon dioxide gas s dissolved in water.

Antifreeze is an example of liquid-liquid solution where ethylene glycol (a viscous

hygroscopic liquid) is dissolved in water. Brine is an example of solid-liquid

solution where NaCl (a solid salt) is dissolved in water

The solutions of liquids in liquids are divided into three classes as follows:

(a) Completely Miscible liquids

(b) Partially Miscible liquids

(¢) Practically Immiscible hquids

(@) Completely Miscible Liguids

Liguids which dissolve in cach other in all proportions are culled completely

miscible liguids. For example:

1) Alcohol and water

1) Alcohol and ether

. iii) Benzene and toluene

| iv) Phenoland H,0 above 67°C.

| The properties of such solutions are not additive. Generally, the volume

-f"ﬂ:ﬂeueS'on mixing but sometimes it increases. During the formation of solution,

: ‘Htmay either be evolved or absorbed. Such solutions can usually be separated by

 IRactional distillation. |

- (b)  Partially Miscible Liquids

B

: Liguids which are slightly soluble in each other are called partially miscible hquids.

l&" £xample;

-

hl..

9 Ether and water

) Bromine and water

! i | '. Phenol and water below 67°C

) Aniling and water

., When equal volumes of ether and water are shaken in separating funnel, then
‘.]a'y‘.m are formed. Each liquid layer is 4 saturated solution of the other liquid,
o lutions are called conjugate solutions. | Solubility of these fnjugate

Hlution 1saffected by temperature changes.

(343)
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©  Practically lmmiscible Liguids
Liquids which are completely insoluble in one another are called iMimiscy,
liquids. For example:
1)  Benzene and water
ii) Carbon tetrachloride and water
1ii) Chloroform (CHCI;)and water
iv) Carbon disulphide (CS,)and water
10.1.4 Solubility
The concentration of the solute in the solution when
solid substance at a definite temperature is called solubility. For example, th
solubility of NaCl in 100g of waterat 0°C s 35.7g.
It can also be defined as:
The amount of solute dissolved in 100g of solvent to make a saturied

solution at a definite temperature is called solubility.

it is in equilibrium with th |

Units of solubility are:
i)  No.of grams ofsolutein 100g of solvent
ij) Moledm’

Various methods are used for the determination of solubility. One of them

given here:
The saturated solution of a solid mass is prepared at a constant tW |
Then this solution is filtered. A Known volume of this solution is evaporated #*.
china dish and from the mass ofresidue, the solubility is determined. ,
The extent of solubility of solute in a particular solvent depends 0‘“}“'&
of solute and solvent particles whether they are polar or non-polar, the M
at which the solution is formed, and the pressure of the gaseous solute:

Tive Natureof Solute and Solvent

The intermolecular attractive torces that are present among Jiquids and soli® 3 1
key role in the formation of solutions, The intermolecular forces will e0% ;
understand, why water dissolves table salt (or sugar) but not clissolve € 91
motor oil). A general rule of thumb that, “like dissolves like™ is applied .
means that polar solvents dissalve polar solutes aﬁd hon-polar solvents ¢
non-pOlaf solutes. For example, polar solutes such as NaCl and sugarafﬂ i
in water (polar solvent) and non-polar solutes such as cooking, oil and M9

not dissolved in water (polar solvent),
(344)
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When NaCl an wonic compound is dissolved in water, the inter-ionic
attractive forces among NaCl particles are overcome and they are split up into
witive and negative lons. Positive ions are attracted by negative pole of water
molecules and negative ions dre attracted by positive pole of water molecules. In
this way all negative and positive ions are surrounded by water molecules. The
rocess in which an ion or molecule is surrounded by water molecules is called
hydration. [n a broader way, the process in which an ion or molecule is surrounded
% hysolvent molecules is called solvation.

. Sugar(sucrose) and water are soluble in cach other because the major force
between molecules is hydrogen bonding involving ~-OH groups. When they both
" are mixed, the sugar molecules that have ~OH groups form hydrogen bonds with
' water molecules and are dissolved. In this case each molecule of sugar (sucrose)
stays together as a single unit and the ions in the solution do not form. The non-polar
solutes have London dispersion forces while water has hydrogen bonding that is
why neither cooking oil nor motor oil is dissolved in water and float on the surface

of water because they do not attract each other significantly.

The non-polar solutes such as cooking oil and motor oil are dissolved in non-
polar solvents such as gasoline and benzene. The solutes and solvents both, in this
case, has the same attractive forces (London dispersion forces), that is why: they are
soluble in one another.

Jfg_e_p in Mind ]

.| The solution is formed when solute-solvent attractions are either comparable to or
stronger than solute-soluté and solvent-solvent attractions.

We have main focus on solid-liquid solutions and liquid-liquid solutions
the solutions of gases in waterare unusual.

10.1.4.1 The Effect of Temperature on Solubility

“{e have observed that the solubility of tea leaves, coffee beans or sugar increases
Withrise in temperature and decreases with fall in temperature; that is, they are more
Soluble in hot water and less soluble in cold water, But the solubilities of some
stances such as cerjum sulphate and cesium sulphate decrease with rise in
b "_"'-f-’_@ Pin Mind
‘ wmpmmre is not only affecting the rate of dissolving, italso affects the solubility.
‘,,,f e of dissolving of solute is directly proportional to temperature; that is, the rate
h ¢350|an of solute increases by increase in temperature and decreases by decrease
. But the amount of dissolved solute in the solution may decrease or

iN&"“Wpcmm of the solution.
i’he.bn!" of Solids in Liquids

1. 0lids haye strong attractive forces among their particles. The energy is
®uireq 1, 1% - : articles of solids wh i
overcome these attractive forces among p ol solids when a solid

(345)
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is dissolved in liquid. The rise in temperature usually ianeascjs the solubility o
solids in liquids. For example, the solubility of sugar (sucrose) in 100g of Water
0°C is 179g, at40°C is 238g and at 100°C is 487g. The solubility of some solig ke
NaClis little affected by rise in temperature. The solubility of NaClin 100g ofwm'«

at 0°C is 35.7g, at 40°C is 36.4g and al 10?;(‘— is 39.2¢. The solubility of sodg:
chloride increases only about 3.5g. On =il AL iJ
the other hand, the solubility of some _ ¥
. . » O, 80 !’"_/ | *.,-
solids decreases by risc 1In i‘ - o/
: —pee—— 1 A
temperature. For instance, the 8 gv J/R
R 7 N-=
solubility of cerium sulphate at 0°C 18 ; o ; 'f T L e
208g, at 40°C is about 67g and at 3 | | 7 Al
100°C is about 3.87¢. The solubilityof 2 w' '30‘_ T L
cerium sulphate decreases about 17g, g - g _f’ e
The solubility curves are shown in the i “ B
figure. The solubility curve is a = = i‘g;_m
graphical representation between 0 10 20 3?' 40 50 .:'ﬂ 70 0 ® 1
temperature and solubility of solute in Fig. 10.1: Solublity of most compousds |
aparticular solvent. increase by increasing temperstit
Table 10.2: Solubility in Gram of Sofutes in 1 00g of Water

357 | 359 | 364 | a1 | 380

LIS e
e | S :
ST LNRVIO T ~ = - - - :
7 K ; r st I\‘_" A:'n'-:' : R ©3
"' '*r_,_—,;::"-‘ AL '.--_l g ,,!' ‘; "~""',~'-c~ s '? } .l*_“;-‘_;r.:- - _,‘..A_"‘ “‘:'.';v"':‘i;i'." :. - :. :_‘1";
Solubility of Liquidsin Liquids
u Lig iq

. 10
particles of liquids are weaker ma“t:s i
red 1o overcome these attractive f©

(348) '
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picles of liquids when it is dissolved in another liquid. We can say that the rise in
emperature usually doesnotaftect the solubility of most of the liquids in liquids.

Solubility of Gases in Liquids

There are weak attractive forces between gas molecules. so the additional energy is
| ot required to overcome these forces among the molecules of gases when they are
kd@"‘“‘ in liquid such as water. The energy as heat is released when a gas is
.'&ssol\red in water due to forces of attractions between gases molecules and solvent
« molecules. It means that this is an exothermic process and is favoured by fall in
'f emperature. We may say that the solubilitics of gases in water are decreased by rise
o temperature (except helium). This is because as the temperature increases the
kmetic energy of the gas molecules increase and as a result of this the forces of
amctions between gases and water molecules decrease,

Heat of Solution

Ihe encrgy changes during the formation of a solution are called energetics of
- wlutions or heat of solution or enthalpy of solution.
The solution formation may either be endothermic or exothermic.

The heat of solution is negative for an exothermic process and is positive for
# endothermic process. Heat of solution measure the intermolecular attraction

tween solute and solvent molecules. When KNO, is added to water, the
Emper; re of the solution decreases which shows that it is an endothermic process.
KNO, + H,0, === Ko+ NOj,y  AH=+357kimol™
~ The solubility of potassium nitrate in water is increased by rise in
-___; =dture. The solubility of solutes that has positive heats of solution is usually
g h’f_-iﬁein:temperame.

I When Licy is added to water, the temperature of the solution increases which
S hatitis an ex othermic process.

Cly + B0, 7= L+ Clay  AH =-37Kmol"
. The-wlubui;y of lithium chloride in water is increased by fall in temperature,
.;:l"bﬂi‘yofsolutes that has negative heats of solution is usually raised by fall
& “fature By ' ture, the solubility of solutes usually falls i
M iage ¥ Increasing temperature, y In



Substn a0 Room e IR I
" 8 | -

Substance

(‘l~i;&;011;:.
FRaOM, | 4451 | FSOw |
~ KNOyy gy | Bl | AN
| NHNOy B asgy T My , ~30.50
e, e | wice | U
~ KCIOy, T TR 3 _  ___AgNOwe _._*- ‘-22._5i F
CuSO4.5Hy0 H1S) J ~ NaNOsg) A *20;5.": e
‘MgS0.7H;0 H590. | NeSOLI0HOy | 188 3
Use of Cold and Hot Pouches
solved 8

Heat is either given off or absorbed when 1onie substances arc dis
water. The endothermic solution process is used in the “instant cold pouches™ and e
exothermic solution process is used in the “instant hot pouches™. These instantcold ind
hot pouches are used in hospitals and at other places for the treatment of pinor injunss
sprains, and bruises 10 reduce swelling. In instant cold pouches, the NHNG; o
NH,Cl) is packed in a stronger bag that is placed inside a plastic bag of water Whea*
inner bag that contains ammonium nitrate is broken by squeezing, the it
nitrate dissolves in the water in the outer bag. In this case, the heat is absorbed 08 %
pouch becomes cold. On the other hand, the hot pouches generally' mmms“Caagl“'

Mw ch on dissolving in water, release heat and the pouch becomeshol. _—~

10.1.4.2 The Effectof Pressure on Solubility 4
The solubilities of solids or liquids are affected very little of not sl
by changing pressure that is why the effect of pressure on the
solubility of solids or liquids in hiquid solvent is neglected.
However, pressure has a great effect on the solubility of
gases. The English chemist William Henry studied the effect
of gases on the solubility of gases. According to Henry's law,
the solubility of a gas in a hiquid is directly proportional to
the pressure of the gas above the liquid at a given

{emperature. - |
S P or S=KPpP (AT

(348)
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where, K 1s proportionality constant, § is the solubility of the gas in the
lyent, and P1s the partial pressure of the gas,
’ The solubility o l"lhc 20515 doubled by doubl ing the partial pressure of the gas
sphove the solution and is tripled by tripling the partial pressure of the gas above the
solution, and so on. The solubility of ( 0, gas at one atmosphere in 100g of water is
p169¢at 20°C. The solubility of CO, gas will be doubled (0.338g) by doubling the
<eure of the gas 10 two atmospheres at same temperature.

Suppose we have a gas in equilibrium with a solution at which the number of
molecules entering the solution is equal to the number of molecules leaving the
solution. When the pressure of the gas above the solution is increased, the more
molecules are forced into the solution. Thus, the concentration of the gas in the
solation increases until the equilibrium is restored again; that is, the solubility
mcreases until the rate at which the number of gas molecules enteri..g the solution is
equal to the number of gas molecules leaving from the solution. Thus. we can say

that the solubility of gas in a liquid increases by increasing pressure above the
solution.

— — e —

(2) Dmn:c eqn_a_hhnmn (b} Cray ;mm*wm»:d ) l)ynnmk.wquihhnum
Figure: 10.2: This diagram shows the concentration of dissolved gas
is proportional to the pressure of the gas above the solution

: ""“_<“0'~._.1*r1;:; Information 1
hated beverages are the saturated solutions of carbon dioxide in water
ssure, Carbonated beverages are bottled at a pressure of 5-10

. When a bottle of carbonated beverage is uncapped, the pressure on
e 2ce of the beverage is reduced 1o one atmosphere, and the bubbles of
crOXide come out suddenly of the solution. This rapid escape of dissolved

— 2 1quid is known as effervescence. A

* Concentration Units of Solutions

-‘i_o!l of solution means the amount of solute present in a given amount of
We commonly deal with dilute (a solution which has relatively

(349)
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small amount of solute) and concentrated solution (a solution which
large amount of solute) in our daily life. Sometimes we use unsaturae
which can dissolve further solute on addition), saturated (a solution

loaded up with solute and cannot dissolve more solute at a given tcmperature)ru“}
supersaturated (a solution which has more of the solute than the usua) mag; By
amount and are unstable), They are prepared at an elevated temperature o Pressis,
to describe the concentration of solution. But in chemistry lab we have 1y Know .
exact concentration of a solution; that is, the exact amount of solute in the give
amount of solution. Chemists use several different concentration units, each of
which has its own benefits and drawbacks. The amount of solutes or solvens i

-.._,-,w
1

a5 refagy
d (a S(llm‘ '
Which i

solution is generally measured in terms of volume, mass or moles and these units;
usually called concentration units. The concentration of solution can be expresy

by percentage composition, molarity, molality, mole fraction, and parts per millis
billion and trillion.

10.2.1 Percentage Composition

The term percent means “parts per hundred”. The number of parts of solute prestt
in 100 parts of solvent or solution is called %age composition.
It can be expressed by four different ways:

1
i) Weight by Weight Percent (W/W %) |
The weight by weight percent also called weight percent or percent by wesgbf: |
percent by mass is defined as the number of grams of solute present in 100 gﬂiﬂﬁ
solution. For example, a 10% W/W sugar solution means contains 102 of 5“9":

% age by weight = Mass of sofute it
SIS RS Mass of solution (mass of solute + mass of solv?t}l) s
The solute and solution masses must be measured in the same uni; |

grams.
Example 10.1

“ 7 = . sg y
What is weight percent of solution containing 100g of water and >
glucose?

Solution:

Mass of glucose = 2.5

Mass of water = 100g

Mass of solution = 100+2.5  =102.5¢

(350)
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L8
/ mecrbenl of glucose solution ?

) Mass of glucose
. sreent ol 'lllcum‘mJll!u\n - e % T OX)
W@'w‘“ R Muss of solution
2.5¢
= 2B %100
102.5g
—2.450/0
h;,.,‘lsm'chtl: :
Calculate the weight pereent of sugar (sucrose) when 15g of sugar is added f
w8sgofwater? :

Weight by Volume Percent (W/V %)
rheweight by volume percent is defined as the number of grams of solute present in
il of solution, For example, a 10% W/V sugar solution means that 10g of sugar

peach 100mL of solution.

t%age by weight — volume = Mass of solute (g)

Volume of solution (mL)

The units do not cancel because the concentration unit of solute s always
iven in grams and that of solution is milliliters, This concentration unitis normally
ised when the solute 1s a solid and the solvent or resulting solutions are liquids.

x 100

AN 3 LT
entorsoliton = o e of solufion in mlL

100
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B 4
i) Volume by Welght Percent V/W %

The Volume by Weight Percent is defined as the number of milliliters of solute
100 g of solution. For example, a 10% V/W solution means that 10ml_ of alcoh|
water to make the total mass of the solution 100g. i

Volume of solute < 100

% age by volume - weight = :
8¢ Dy Vol “IE Mass of solution

In this type of solution, we know the total mass of solution but we do ny,
know the total volume of solution. |

iv)  Volume by Volume Percent (V/V %)

The volume by volume percent (also called volume percent or percent by volume)is
defined as the volume in milliliter of solute in 100 milliliter of solution, Fu
example, 10% V/V alcohol-water solution means that 10mL of alcohol dissolvedin
enough water to make the total volume of solution 100mL. Keep in mind that 10%
V/V alcohol-water solution cannot be prepared by dissolving 10mL of alcohel®
90mL of water because the total volume of the solution may not be necessarily equl

to the sum of volumes of solute and solvent.

%age by volume. = Volume of solute

Volume of solution 3
The solute and solution masses must be measured in the same unit; that ""."5
milliliters.

‘An alcoholic beverage has 25mL of ethyl aleohol. What is V/V % of 75mLof’
beverage?
Solution:
Volume of ethylalcohol = 25mL
Volume of beverage = 75mL
Volume percent =9 |
Volume percent = ~owume of ethyl alcohol _ 5
\ Volume of beverage
J2smL o
75mL
= 33.33%
(352)
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practice Exercise 3: e
wlculate the V/V % of 0.250L of vinegar solution containing 12.5mL

';: T r = —

~ 10.2.2 Molarity
Molarity is the most useful unit of concentration in chemistry. The number of moles
& af solute dissolved in one liter of solurion is called molarity. It is denoted by ‘M’.

I The molarity has the units of mole per liter (mol/L). The mathematical equation for
; the calculation of molarity is as follows:

, No. of moles of solute (n)
Molarity(M) = or
y(M) Volume of solution in liter (V)
. Mass of solute in gram J
Molarity (M = X
y ( ) Molar mass of solute Volume of solution in liter

In order to calculate the molarity of solution, the number of moles of solute
- und the volume of the solution in liters are required. Keep in mind that a solution of
i'gﬂ'ven molarity is prepared by dissolving the solute in enough solvent to make the
vl volume of the solution one liter. We are not allowed to dissolve the solute inone
ter ofsolvent, because the total volume of solution in this case might be a bit larger
M one liter due to additional volume of solute. If the volume of the solution is

| %than one liter, then the molarity will be less than 1M for the solution.

' “€ep In mind

| p"l’ﬂ one molar (1M) aqueous solution of NaOH, we are required to dissolve | mol (40g)

N.OH 0 enough water to make the total volume of the solution one liter. If we want to
e e ZMNAOH Solution, then we are required to dissolve 2 moles (80g) of NaOH in enough
s " ke the togg] volume of the solution one liter: The solution whose molarity is one is

o 2 molar solution, ;

1y, bcM"laﬁ!y i$ very useful to us because the number of moles of solute dissolved

-1-.' “aleulateq by multiplying the molarity of solution with the volume of
ENy o

' n’:‘)les of solute (n) = Molarity (M) x Volume of solution in liter (V)
A les g+ 00T of moles of solutes enables us to calculate the number of
10 S0lye those problems that involve quantities in chemical reactions

(353)
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.

KNO; i

(Suerose] 20 Wl D e
NH; 8.5 0;50 mo | 180
Example104 f o ol A
What i the molarity of 2.5L of solution containing = 2 Omol of ethyl alcohiof?
Solution:
Molarity of solution =7
Volume of solution = 2.5L
Moles of ethylalcohol = 2.0mol
Molarity (M) of solition = Moles of .cthy.l alc.ohol !
Volume of solution in dm
= 2.0mol
25 'L
= 0.8M
Pracﬁceﬁxercinu- i
 Calculate the molarity of the sulphuric acid solution when 49g of SP™

R i

ac idi is dxssolved in 2.5% lO’mL of solunon

pPrepare | M and 0. SOM soluuons of glucose

solution:
Molarmassofglucose(C H,,0,)=72+12+96= 130gmol

Jucose solution is prepared by dissolving 180g (1 mol)

one literof solution. v
e & l is prepared by dissolving 0. 50m0| (ije "
of glucoseinonelite fsolution. :
pmdwEuvclu 5. A __, :~
e (354
)
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I
-~ polality: It is denoted by lower case ‘m’, The molality has the units of moles per
' kﬂogfam (mol/kg). The mathematical equation for the calculation of molality is as

follows:

No. of
Molality (m) = 0. of moles of solute

{ Molality
The qumber of moles of solute dissolved in one kKilogram of solvent 1s called

— or
Mass of solvent in kilogram
: Mass of solute in pram I
Molality (m) = S X e 3
Molar mass of solute Mass of solvent in kilogram
The one molal solution of a solute is prepared by dissolving one mole of

{ soluteinone kilogram of solvent.

ul For example, | molal HCI solution is prepared when one mole of HCI
(3:3g) is dissolved in lkg of solvent. If we dissolve one mole (60g) of urea,

|
(NH,),COin 500 g (0.50kg) of water, the solution in hand will be 2 molal.

Note that the molarity. of solution is temperature dependent but molality is
temperature independent. It means that molarity ofasolution changes slightly when
temperature of the solution changes, but molality does not. Hence, molality is more

" convenient in those experiments that involve temperature changes.

- The mass of one liter of water at room temperature is nearly equal to one
é kilogram that i why, in dilute solutions the number of moles of solute in one liter is
 thout equal to the number of moles of solute in one kilogram of water. Hence,
molarity is about equal to molality in dilute aqueous solutions.

HO

T
T

(355)
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Solution:
Molality of acetone solution =g
Mass of acetone = 290g
Mass of water - 500g = 0.50kg
Given mass of acetonc _ |

Molality of acet ution = —
DY SUEtin ) Molar mass of acetone  Mass of solvent inkg

290 & : = 10m \

W m—

Molali lon=-o "
olality of acetone solution 58 g 0.50kg

What i the molality of solution that is made by dissolying 96g of SO, gasn
750g of water? f LGSR

10.2.4 Mole Fraction

It can be defined as:
The number of moles of a particular component divided by total number of molesd

all the components present in the <olution is called mole fraction. It is denowdb!l

+X*. Mole fraction has no unit,
Number of moles of one component

Mole fraction (X) = — .
Total number of moles of all the component

The mole fraction of a particular component can be calculated as:
= “J\ = h

n A +* na + “C “l
i) Themole fraction of a particular component is always less than 1.
if) Thesum of mole fraction of the entire components is always unity-

Xpt Xyt Xe=|
I£a solution has 2 moles of NH, in 7 moles of water, the mole fraction ™ J
is shown as Xy, and the mole fraction of water is shown as X0 Theto® ﬂ
9,00 M=

of moles of ammonia and water in the solution are (2 mol +7 mol)=

mole fractions of ammonia and water in the solution are calculated 85°

) a 200¢

_ No. of moles of ammomtia_ ==

Total number of moles “
71[]0' go

No. of moles of watef - —
— mo

Total number of moles
(356)
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The mole fraction of ammonia = X,

The mole fraction of water = xu20=
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The sum of the mole fractions of both the components of solution is equal to

. Mole fractions are specially used for the calculations of concentrations of
mixtures but not for liquid solutions because other units of liquid solutions are
;Muy more appropriate, Mole fractions do not depend on temperature,

| caleulate the mole fraction of each component of solution prepared by
| dissolving 1.22g of benzoic acid (C,H.COOH), in 11.95g of chloroform

' LB

| (CHCLy).

| Mole fraction of benzoic acid = Xeenscoon =7
‘Mole fraction of chloroform = Xeney, =2
Mass of benzoic acid = 1.22g

‘Mass of chloroform = 11.95g .

Moles of benzoic acid = Mass of bgnzoxc,t{md e 122g  _ 0,01 mol
Molar mass of benzoic acid ~ 122g..00]"'

| Males of chloroform = Mass of chloroform 1195 ¢

—— .1 >
| Molar mass of chloroform  119.5gmol’ 2ol

Toaloumber of moles = 0.01mol+0.1mol = 0.11moles

Mole fraction of berpoic aid — Moles of benzoic acid _ 0.01mol
y S e Total number of moles  0.11mol
ol Moles of chloroform _ 0.1 mol
Total number of moles  0.11mol

= 0.09

=0.91

WS Pargs p. LAy
s e Per Million, Billion and Trillion
e 4re used for very dilute solutions in which solutes have very low mass

A\ |

® tir fh’e' s Th_es.e units can be used to express the amounts of pollutant gases iy,
F Mpuritieg present in the water, and the drugs in the human body,
| (357)
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Parts per million

The number of parts by mass (or volume) ol
parts by mass (or volume) of the solution is ca
as ppm. One ppm is equal to one milligram of solute in on

ppm =1 mg/kg).

Parts per million (ppm) -

Parts per million (ppm) =

Parts per million (ppm) =

It is used for very low concentrations of the solution. The impurities of the

Mass of solute n graras

Mass of solution in grams

Volume of solute in mL

Volume of solution in mL

Mass of solute in grams

X

Volume of solution in mL

x 10°

x 10°

10°

i |

solute present in one million ( 10 T
lled parts per million. [tis abbreviateg
e kilogram of solution (| r

or

or

s — | ] i

substances are usually expressed in ppm. For example, the maximum all(mbkj
amount of arsenic in water is 0.05ppm. A concentration of 0.05ppm means thatif
you drink 10 lac grams of water, then 0.05g of those is arsenic and other 999999.95£
are consist of water and other minerals and contaminants.

Table 10.6° The Maximum Allowable Amounts of Minerals in Drnking Water

1 160,00 Tiadh ol rowonint

, i 100 Cadmium |

T R T | e e

[T Chromitme = e SO o ) e

e e e e T
Parts per Billion

The number of parts by mass

Parts per billion (ppb) =

Parts per million (ppb)

Parts per million (ppb)

—
=

|

.

(or volume) of solute present in 0B hﬁh“
(1000million) parts by mass (or volume) of the solution is called parts Petbillidfi:;
is abbreviated as ppb. One ppb is equal to one microgram of solute in 00¢ og®
of solution (1 ppb= 1pg/kg).

Mass of solute in grams

Volume of solute in mL

Volume of solution in mL

Volume of solution in mL
It is used for very low concentrations of the solution.
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Pa r‘sperTnllmn

e number O Paris by mass (or volume) of solute present in one trillion (H)OO
illion ) parts by mutss (or volume) of the solution is called parts per hllion, It 1s
bhrt”“‘d as ppt. One pptis equal o one nanogram of solute in one kilogram of
colution {1 ppt= Ing/kg).

MGS.‘ ."‘ Y g
parts per trillion (ppt) = Mass of solute i grams

x 10" or

Mass of solution in grams

P Volume of solute in mL
Parts per million (ppt) = - — x 10" or
Volume of solution in miL

_ Mass of solute in grams « 102

\ lume of solution in mL
Itisalso used for very low concentrations of the solution.

Examplelos T T3, |

L -

The concentration of gold in one liter of sea water is ( 001mg, What is the
concentration of this solution is ppm, ppb, and ppt?

Parts per million (ppt) =

Solution

Mass of gold = 0.00lmg = 0.000001g

Volume of seawater = 1L = 1000mL
. ; . ; 0.000001 g . & |

Con =——=x 10" = 000: ppm
centration of gold in sea water in ppm 1000 oL Lp

r : ) 0.000001 g % 10°

Concentration of gold in sea water in ppb e PP

. ! 0.000001 P
-Cﬂno:ntrauon of gold in sea water in ppt = ot 10" = 1000 ppt

1000 mL
Pﬂcﬁeeﬂxerdusz

°°"¢8€ smdentadded one tea spoon of table sugarir in the swimming pool. l
concentration of table sugar is about 4 X 107 g per liter of water. E

Dﬂ‘""m concentmtnon of table sugar in water of swimming pool in ppm,
Dot

3 Rﬂonltshw

I%: the French chemist Franois Marie Raoult (1830-1901) discovered a

Sty el the vapour pressure of pure solvent and that of a solution. He
that the vapour pressure of solvent above a solution of a non-volatile, non-
Olyte Solute depends on the mole fraction of solventin the solution,

(359)

L
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R:'s’l Non-volatile. Non-clectrolyte Solutein Volatile Selvents
' »
- oult's law can be defined in three ways:
1) The vapour pressure of solvent above
vapour pressure of pure solvent and its mol¢
P=PX

a solution 18 equal to the produe :
g gl : 0
fraction in the solution, thy

Where,
P is vapour pressure of solvent above solution, P®1s vapour pressure of py,

solvent, and X, is mole fraction of the solventinthe solution.
if) The lowering of vapour pressure 01 a solvent is directly proportional o the gy
fraction of solute. x
AP = P7X,
Where, Lowering of vapour pressure (AP)=P°-P
The lowering of vapour pressurc depends on the number of non-volatil,

non-electrolyte solute particles (atoms, molecules, or ions) in the solution but does
not depend on the nature of the solute particles; that is, no matier what types of

particles (atoms, molecules, orions) are present in the solution,
i) The relative lowering of vapour pressure (AP / P°) is equal to the mok¢

fraction of solute. By increasing mole fraction of solute, vapour pressur o]
solvent or solution decreases.

AP /P =X,

The solutions that obey Raoult's law are said to be ideal solutions.

The relative lowering of vapour pressure (AP/P°) has three properties.
i) Itis indepengdent of temperature.

ii) Itis proportional to the concentration of solute.
iji) It is constant when equimolar proportions of different S

dissolved in the sam¢ solvent. 3
The composition of vapours formed above a solution is different O

,
composition of liquid mixture at a given temperature. In order o obey (be
Jaw for the ideal solutions, the solute should be non-electrol | solution s

be dilute. :

10.3.2 When Both of the Components are Volatile i |

According to D.altoffs !aw of partial pressure, the total pressure of 2 ixtre o

or more volatile liquids such as petrol is equal to the sum of theind™

vapour Pressires of all the components (liquids) present in the ™
(360)

jutes &
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(1.'quid solutions).
Pl Pty s (1

Theindividual vapour pressures P, and P, are determined by Raoult's law. In

case of components A and B, it makes no difference which we call the solute and

which the solvent. According to Rgoult‘s law, the individual vapour pressure of a

sgrticular component above a solution is equal to the product of the vapour pressure

andits mole fraction in the solution.

PA= P.:.XA
Py = P;'XB

—————

T

—~ rog—r

By putting the values of P, and P,, in equation (i) we get
P, = PiXat PyXp
Since,
X, +X,=1
“ X’A= ] -XB
Therefore,
B = B (1-X,)+ B X,
o B=P - PiXg+ BXg
o R = PpXg- BiXp+ P}
"R =X - B+ R
gm lg?menmm of Raoult's Law
~ehsider the following six solutions with their mole fraction and
V‘lllesmthetable and vapour pressure
N Table 10.7: Six solutions with their Mole Fraction and Vapour Pressure Values

E‘a 2 - 3
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FAN AN

-2

All of the above solutions have their own Vapour pressures, We know thy the
total vapour pressure is equal to the sum of the vapour pressures of g the

components present in the solution.
When a graph is plotted between mole fractions of Aand B; thatis, X A andxg

on x-axis and vapour pressures of solutions; that is, P and Pyon y-axis, then 3

straight line is obtained, | | |
The graph shows that § ® & 7

component B is more volatile
than component A. Hence, it has
high vapour pressure and low

S

Vapour Pressure
E

o : 2 = RN —
boiling point as compared to | T e
| e M ) TS
component A. The two dotted o =53] =T } W
» A L )y “ ] ' i
lines show the partial pressures 0o wettl ————
Tt LA X=0 oy 02 03 04 05 06 07 0B OF |
of the individual components of X=l 09 08 07 06 07 04 03 02 010

the solution. The vapour Figure 10.3: Graphical Representation of Raoult's L
pressure of the components
increases with increase in its mole fraction in the solution.

The total pressure is equal to the sum of the vapour pressures of
individual components (P, =P} + Pg ) as shown inthe graph.

Deviations of Solutions

Only the ideal solutions obey Raoult's law. The ideal behaviour is shown by %
solutions which have nearly the same forces of attractions between the pﬂf“‘b
solute-solute, solute-solvent, solvent-solvent, Hence. the enthalpy chang® dﬂﬂ“‘
the formation of solution is zero. For rea) solutions, the forces of attrd¢
between the particles of solute-solvent are much stronger or weaker than c‘ H{

solute and solvent-solvent. Consequently, the enthalpy change may eith

negative or positive. Therefore, a non-ideal solution « shows two types of devid i

from Raoult's law.

Positive Deviation ¥
non-ideal solution inwhich solute-solvent attractinn ‘e counls futerS?
i rent-solvent attraction g allraction is weaker than SOT,

and solven SIOWS. positive deviation from Ra0

(362)
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istype of deviation,

[nth : :
Vapour pressure ol solution

1) S AR
i< higher than 1ts  mdividual

components.
i) Boiling point of solution is

jower than its individual
* components. For example, the
" poiling point of the solution of
ethanol + water is 78.1°C which
is lower than the boiling point of
both ethanol (78.5°C) and water
(100°C).
Negative Deviation
A solution in which solute-
solvent attraction 1s stronger than
* solute-solute and solvent-solvent

altraction shows negative
' deviation from Raoult's law.

Inthis type of deviation:

i) The vapour pressure of

solution is lower than that of its

individual components.

1)) The boiling point of solution
?s higher than that of its
lqdividual corﬁponcuts. For
xample, the boiling point of the
lution of Water + HCI s
| 108,57 Which are higher than

“:‘ﬁbe boiling point of both water
AdHe),

Vapour Pressure |

L
<

=
|

Vapour Pressure

E
\
\
5
¥
\
\
/
F
/
i

2 0.4 0.6 0.8 I

<

Figure 10.4: Posiive Deviation
from Raoult's Law

&

ta
=

e
<

i
\
Vi

0 0.2 0.4 0.6 0.8 1

Figure 10.5: Negative Deviation
from Raoult's Law

(363)
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een Ideal and Non-ideal Solutions

=S

Table 10.8: Difference Betw

pr Y 3 .
- ‘ oy -5 P} p
Ml Do M?!"
g -
1
G

gLl

5 R~

I S3 2,
Ol Saine e
'\"'B:_‘\

el d ey

TI L '

1 L

5

E"‘.—la‘;h;-__ e. ‘-': 2 =3
The sum of volumes
components 1§ not equal t

10.4 Colligative Properties of Dilute Solutions

The physical properties of solutions that depend on the number of so{ute pamclﬁ;
(atoms, ions or molecules) in the solution and do not depend on the klm! Of 5;‘: -
particles are called colligative properties. The word colligative 1s dcfnved. w
Greek word, colligatus that means to bind together. Colligative properties of dilue:

solutionare:

i) Loweringofvapourpressure. |

ii) Elevation.ofboﬂmg'mm"(Eb\JUIOSGOpy).

iii) Depressionin frev.?zmg point (Cryoscopy).

jv) Increasein oSmotic pressure. g
It is important to keep in mind the conditions for colligative properti©®

elow: |

?) Solution should be dilute; that is, the concentration of the solution S

jess than or equal t0 0.2 M. .

ii) Solute should be non-volatile.

iii) Solute should be non-clectrolyte.

10.4.1 Loweringof Vapour Pressure

: i OB
yapour pressure is the pressure exerted by the vapour in equﬂibnum
' (364)

pould b
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pidin aclosed container. A substance which has a measureable vapour pressure is

otileand substance which does not have a measureable Vapour pressure is non-

Slatile. if a nop-\'ulunlu and non.

\' grolyic Solule 1s added 1o asolvent, Vi Do |
: m,é,pomling tendency of solvent

then VAP0 b i ity

ales from the surtace of solution q -

| golecules 3¢ l
#|

Jocreases. Thus vapour pressure of -

mhm'on decreases. This 1s known as | , k_ !
owering of vapour pressure. The “ »
g M

‘ yapour pressure of a volatile solvent P ey A‘ L T

hat has a non-volatile solute is  Figure 10.6: The addition of solute to the
hquid solvent decreases the gvaporating

tendency of solvent

Viapour pressure « — [ e aiiee =
No. of non-volatile solute particles
Itmeans the vapour pressure of solvent decrease by increase in the number of
wiute particles and vice versa.
According to Raoult's law,
[- The relative lowering of vapour pressure is equal to the mole fraction of
solute.

’ inversely proportional to number of
solute particles in the solution,

. AP 1' P° — X2
We know lh&t, Xz — 12
n
Therefore, LB .

ég:—nL

P+,
3o, foradilute solution, n, can be ignored in denominator, hence

3=k

P

Asweknow,n, = W, / M, and n, = W,/ M,
e AP w1

= :_.Z 2
WM,

)
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The molecular mass of a non-volatile solute (M,) can be calculateq BY the

above equation.

10.4.2 Elevation of Boiling Point of the Solvent

The normal boiling point is the temperature at which the Vapour pressure of
liquid becomes equal to atmospheric pressure. Boiling point can be changeg
changing either atmospheric pressure or Vapour pressure of the liquid. The prese
of non-volatile solute in the solution decreases the vapour pressure of the solygq
and hence increase boiling point of solvent. This is known as elevation of bojlig
point of the solvent, The elevation of boiling point (AT;) 15 the difference betwey |
the normal boiling point of pure solvent and clevated boiling point of asolution.

ATb 5 Tbtsolmicm)-Tbl.solmm

Where, AT, is the elevation in the b
boiling point of solution, and Ty e 18 the

The elevation of boiling point (AT,) is di
concentration of the solute in the solution (molality).

oiling point of solution, Ty .. 1t
boiling point of the pure solveat
rectly proportional to t

AT, o« m or
AT, = Kim  cveanionnniioninnaees (1)
Where,

K, is called molal boiling point constant or ebullioscopic constant.
We know,

P — R,

Molakity @) = Mass of solute " 1 '
Molar mass of solute  Mass of solvent in Kg
W |
or 2
)t 1 PR A
M, Wl
W
or = 2
m =
MW,

By putting the value of 'm'in equation (i), we get
W,

MW,
=Ke o W
or . MICTRY Tw, | uﬁ”’

This equation can be used to determine the molar mass of @ pon ¥
non-electrolyte solute in a volatile solvent.

 (366) ' J
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Calculate l‘ht‘ bqiling point of the solution when 18.5g of phenol (C,H,OH) is
dissolved in 500g of water. The boiling point of pure water is 100°C and the
hoiling pointelevation constant for water is 0.5 1°C kg/mol,

solution:

Elevation 1n the boiling point of the water = AT =

Mass of phenol =W, = 185g

Molar mass of phenol (CH,OH) = M, = 72+54 16+ 1 =94gmol’
Boiling point elevation constant for water = K, = 0.51°C kg mol’

Mass of water = W, = 500g = 0.5kg

The equation for the calculation of AT, is:

ATb - Kb x Wz

By putting the values, we obtain

AT, = 0.51°C kg mol™’ x 8.5
(94g mol )(0.5kg)
9.435°C
ATb =
47

AT& = 0.20°C

. Theboiling point of the solution is equal to the sum of the original boiling
pomtand elevation in the boiling point of the solvent.
lhc boiling point of the solution = 100.00°C + 0.20°C = 100.20°C

Sy o s made in which 100g of thylene glycol (GO i disslvedin |
200g of water, The boiling point elevation constant for water is 0.51°C

"?f’-ﬁﬁl-w.lih‘t;is:;:ﬁebjoﬂ“mg}pqiﬁtelevaﬁmoféﬂiewmer?%m is the boiling

et s Erasal

‘.c Mind
usc ym:;a_my in§(ead of molarity in boiling poipt elevation calculations because the

L salygi2 o @ Solution does not change by changing temperature, but the molarity of

S~ changes, *

-

—

(367)
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A solunon cons

Mass of water

Table 10.9: Molal Boiling Point

ists Of 270g of solute dissolved in 250g of water. The. w

int elevation and the boiling point elevation constant values far/WEAE
J l:'3006"0 and 0.51°C kg/mol respectively. 3
lsilo'cvatnon in the boiling point of the water = AT, = 3.06°C
Masso'fglusose =W, = 270g

= M. =2
Jar mass of solute M, ;
I[:i:;hngpmntel_evratwn constant for water = K, = 0.51° Cksmel'

equatxonfo&me calculation of molar mass of solute is: |

filevation Constants (K,) for Some Comman Substanes,

. aE——

e I et

=W, = 250g = 0. 25kg
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p SgE——— |
_ 051°Ckg wol”' 2705

M= 3.06°C ' 0.25kg
M, = 1802 mol ™’

The temperature at which the solid and liquid states of a substance exist in
squilibrium with each other is called freczing point. It may also be defined as: the
emperature at which its solid and liquid phases have the same vapour pressure is
talled freezing point.

When a non-volatile solute is added to a solvent, its vapour pressure is
Georeased. As a result of this freezing point of solvent decreases, this is known as
depression of freezing point. At the freezing point, there are two things in the vessel:
"‘?‘ 18, liquid solution and the solid solvent. The solution will freeze at that
‘emperature at which the vapour pressures of both liquid solution and solid solvent
:;W"h means that a solution should freeze at lower temperature than pure
iyent.

The depression of a freezing point is directly proportional to the

“ncentration (molality) of the solution.
AT, x m

:mqff B e s (i)
A

B 8 ¢alled molal freezing point constant or cryoscopic constant.

)

Moiality(m) - __ Massof solute I

Molar mass of solute  Mass of solvent in kilogram

1

A s
Mz- W
w.

oy !

m <

=2
M

(369)
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By putting the value of 'm'in eq. (i), we have

MW,
or M K, . W,
AT, W

The molar mass of solute can be calculated by this equation.

Table 10.10: Molal Freezing Point Depression Constants (Ky) for Some Common |
R T . .‘!_.':: Rt £ - Neﬁml ol : rre 4“
e ng Point | 0 oneant
CH;COOH 16.6
| CHiCOCH; —94.8
CHsNH; ~6.1
CiHs 35
| CioHis0 178.8
g e S RS
CCly. _ | 29
| CHCl —63.5 ¥
CH,CH:OCHiCH; | 1163
CH;CH,0H -114.6
Ciols. 80.2
CeHsNO; 5.7
CoHsOH 40.9
H,0 0.0

’ v . “ ot Y : ’il‘t
Applications of Ireezing Point Depression and Boiling Fo

Elevation ! : e
i) Ethylene glycol is used as antifreeze in automobile radjators becaus “R,’ “
the freezing point of the coolant. In cold climates, it prevents the soluio®
radiators, coolant lines and engine blocks from freezing, Besides 1oWe™
freezing point, it clcv.ates the boiling point of the solution when added 0"
prevents the water in the radiator from boiling off in hot summer day®

(370)
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ihe engine is notoverheated. v =)

;
i) Asaltsuchas NaCl or CaCl, is sprinkled on icy roadways and walkways in the

winter to lower the melting point of ice and snow so that the water on the roads will
not freeze at normal freezing point of water (0°C).

jii) Afreezing mixture (Ice +NaCl or KNO,) is used in making ice cream and kulfa.
Afreezing mixture lowers the freezing point of the solution well below the freezing
pointof pure water and freezes the ice cream rapidly.

iv) Sea water has freezing point below 0°C because it is the solution and contains
higher concentration of various salts,

(et 1011 S

A salt solution is prepared by adding 58.5g of NaCl in 0.75kg of water.
Determine the freezing point of the solution. The freezing point constant of
water is 1.86°C kg/mol and the normal freezing point of water is 0.00°C.
Solution:

Depression in the freezing point of the water = AT, = ?

Freezing point of solution = 7

Massof sodium chloride = W, = 117g

Molar mass of sodium chloride (NaCl) = M, = 23+35.5 = 58.5gmol '
Freezing point depression constant for water = K, = 1.86°Ckg mol ™

Mass of water = W, = 0.75kg

The equation for the calculation of ATjis:

W,
M, W,
117g
(58.5gmol ')(0.75kg)

BY putting the values, we get

| 8T;= 1.86°C Kg mol™ x

AT,= 217.62°C
43.87
ATU = 4 9 6%:
| ﬁ'eenngpomt of the solution is equal to the difference of the original
point and depression in the freezing point of the solvent.

\M“& pomtof thcsolunon = 0 00°C-4.96°C = -4.96°C y

@
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A solution is prepared in whi
disulphide. i.c. AT value forc
disulphide is 3.80°C kg/mol.

Solution:

Mass of sulphur )
Molar mass of sulphur M,
Freezing pointde
Mass of carbon disulphide = W; =
The equation for the calculation of mo

Ky xwz

—
=

M, =
By puttmgtflevalue we have

o 3.80°Ckgmol™  51.2g
4 3.45°C 0.22kg

M,= 256g mol

10.4.4 Osmotic Pressure and Reverse Osmosis ol
Osmosis is the spontancous process whereby the solvent molecul” pass i
semipermeable membrane from a solution of lower concentration °
concentration solvent) into a solution of higher concentration Of

ich 51.2g of
arbon disulp

Depression in the freezing point of the carbon di
= W‘\ = 51.23 w; !

for carbon disulphide =K,=3.80°Ckgmof' | .

sulphur 18 placed in 0.22kg of carbe
hide is 3.45°C and K, value for carbeg

sulphide = AT, = 3.45°C |

larmass of sulphur is:

.....
-

ute

concentration of solvent). Osmosis takes place, when two soluti P

by semiP® o

concentrations (a pure: solvent and a solution) are separated
membrane. A semipermeable membrane is a thin layer of mataﬂﬂl

1) 1
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wlvent particles RO pas 'h'"_‘”!ﬁ" itin the both directions and prevent solute particles
o smmugb.‘ I hc'r.'nc of passage of solvent particles from the pure solvent side
oward the solution side is high enough, because of this, the quantity of liquid on the
gresolventside dec.rcuscs and the quantiy of liquid on the solution side increases:
pence the amccntml.mn of solution decreases Animal bladder, cell membrares in
l ghe cells of iving things (plants and animals) and cellophane (a polymer derived

fom cellulose) are the examples of semipermeable membranes. Consider an

experiment i which a 10% concentrated sugar (glucose) solution is taken in a
‘ gistle funnel whose mouth is scaled |

with a semipermeable membrane.
~ The funnel containing sugar solution
is then place in a beaker of pure water.
[n the start the rate of flow of solvent
(water) from beaker into the funnel
(sugar solution) is greater than the
nite of flow of solvent from funnel to
beaker. The solvent starts flowing
from the beaker through the
¥mipermeable membrane into the : ’
Wgarsolution side (funnel). Se:nn:::;mme:;m
Overtime, the volume of the Figure: 10.7: Demonstration of Osmotic Pressure
| Mgarsolution increases in the stem of
"‘ﬁ"}ﬂel Wwhile the water level in the beaker decreases. The process remains in
eration until the pressure created by the weight of the water on the semi permeable
e < Senough tostop the upward flow of water. At this stage the rate of flow
' from beaker to funnel becomes equal to the rate of flow of water from
beaker and the solution level stops rising and the equilibrium is
0. Now the solvent flows at an equal rate in both directions across the
beoi eable membrane and the volume of the liquid on each side of the
- 4he does poy change. The amount of pressure required to attain equilibrium
i i¢ pressure. Osmotic pressure is defined as the pressure that must be
e thchlgh solute concentration side to stop the flow of solvent thmugh a

Waicr

More concentrated
“glucose solution

Less concentrated
glucose soluton

S8 |
/vy R o

(373)
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Where, M is the molarity of solution, R is the general gas cone. |
(0,08206atm dm’/meol K) and T is the absolute temperature. The osmotic pregg,,
expressed in atmospheres. The osmotic Pressurc INCreases by rise i h
concentration of solute particles in the solution at a specific temperature, It g

increases by rise in temperature and decrease by fall in temperature, Ogpg,

pressure depends on the number of solute particles in the solution butnoton he y,
ual concentration have the s,

of solute particles. The two different solutions ofeq :
osmotic pressure. The solutions that have the same 0SMOLC PTESSUTES are gy
:sotonic solutions, If the two solutions have different osmotic pressures, the mg

concentrated solution is called hypertonic and less concentrated solution (dike
solution) is called hypotonic. ‘

Table 10.11: The Molarity and Calculated Osmo

Glucose Solutions at (298K)

: = =
e  Malarity (mol/dr
- - L. . .7 N\

tic Pressure Values of Vanable Concentrations §

A e el
o= 9.00
Some of the Interesting Examples of Osmosis

i) The leaves of plants give off water vapours that lead to the i “‘h’m
concentration in the leaf fluids. Water rises up from soil into plant Jeaves
roots, trunk, branches and stem creatingan osmotic pressure. g
i) If plants are watered with salt water whose concentration 13 gree ‘Wj
solution in the root, the roots will lose water rather than absorb it Hene®:”
become dehydrated and sooner of later the plants die. ok '
iti) The meat can be preserved by treating its surface with salt. The 1008
dehydrated and does not g0 bad and remain in a good condition fof .
there is no need of refrigeration for meat. The salt present O“.‘h" 1 T
produces a concentrated solution which is hypertonic t0 pacteria €&
on the surface of salted meat then tend to shrivel up and die. 'cn 1 .
iv) Youare advised never drink excessive amount of sea wateh i (0
badly damaged and you are in the middle of the sea. When sea ¥ irac®
salt solution) is taken into stomach and intestine, the sea water €%

(374)
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out of the stomach and intestine and the tissues become dehym ,A;‘g’@
consequence of dchy(lmllpn thirst increases but not decreases because d:ebodxﬁrj,if
Jose water instead absorb it. |

Reverse Osmosis
The reverse of 0SMOSis is said to be reverse osmosis, In normal osmosis. the solvent
flows through a semipermeable membrane from a lower solute concentration to one
~ of higher solute concentration but in reverse osmosis. the pressure greater than
osmotic pressure is applied to flow the solvent through a semipermeable membrane
fromahigher solute concentration to one of lower solute concentration. The process
.~ of reverse 0smosis is used to purify water. This process is particularly used to
' remove contaminates from sea water to make it fit for drinking. The world largest
desalination plants are present in Saudi Arabia that treat salt water by reverse
0smosis to produce fresh water and fulfill at about 50% requirements of the country.

10.5 Colloids

10.5.1 Types of Colloids
There are cight types of colloids on the basis of phase

(solid, liquid, or gas) of the dispersed substance and —W
 ofthe dispersing medium.,

) Liquid acrosols may be formed when liquid |A celloid (or colloidal

! : iquid |dispersion) is a homogencous
droplets are dispersed in a gas. Examples of liquid T R e

#r0s0ls are fog, mist, and aerosol sprays. ; . -
1) Solid amﬁmls may be fomez when solid oompants ke solutios. -,
Particles are dispersed in a gas. Fxamples of solid
®rosols are dust, and smoke in air.
M) Liquid foams may be formed when a gas is dispersed in a liquid. Examples of
“quid foams are beaten egg white, and shaving lather.
W) Solid '0ams may be formed when solid particles are dispersed in a liquid.
i '¢50f solid foams are Styrofoam, and marshmallow. : 7 2
Emulsions may be formed when liquid particles are dispersed in another liquid.
oy fesof cmulsions are mayonnaise, and face cream. .
gt may be formed when liquid particles are dispersed ina solid. Examples of
) 1 ter and jelles. PRI et ekt o
Hid 5ol may be formed when solid particles are dispersed in a liquid.
ﬁﬂ&: ’l:’&miquid sols are pudding, and ink: e . : .
E*lmp 0I5 may be formed when solid particles are dispersed in a solid.
% 0f Solid sols are steel, and pearls.

l (375)
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o5 of ¢ ‘alloids and nu-n-immplca :
s of COVOICE e

Table 10.12: Ty 3
State of | Stateof | Stateof | << gt T
: ¥ ‘ y 1..!"-:-., 4 ) . mm Nwe Enwj‘%’ ‘_::f
W =~ e " Whipped cream, shaving lather
Gas | Liquid Foam | soap lather, beaten cgg white =~
| R R | styrofoam, marshmallow,
Gas | Solid | Sold | Solid foam | cnopge, rubber }
e MBS s e
Liquid Gas ' (ras Acrosol | Mist, fig. clouds, sprays ;
Liquid ].iquiZl~ Liqmd—“_ETn:lsion " Mayonnaise, milk, face cream
e e —
Ligquid Solid Solid Gel Jelly, Cheese, Butter, gelatin
~ Solid Gas Gas Acrosol | Smoke, aitborne viruses
| solid | Liguid | Liquid Sol | Paint, ink, puddings
| Pearls, opals, ruby, porcelam,
Solid Solid Solid Solidsol | coloured glass, some metal
 alloys such as steel k|

Colloids in which the dispersing phase is water may be classified
hydrophilic or hydrophobic. A colloid in which there is strong atfractive force
between dispersed phase and the dispersing medium (water) is known &
hydrophilic colloid. The examples of hydrophilic colloids arc gelatin in water,
jellies. A colloid in which there is a very weak attractive force between dispersid
phase and the dispersing medium (water) is known as hydrophobic colloid: T®
examples of hydrophobic colloids are milk and mayonnaise.

10.5.2 Properties of Colloids

Some of the important properties of colloids are as follows: |
[) Colloids are also homogeneous like that of solutions but borderline; W”:}
the particles of dispersed phase may be uniformly distributed Mﬁ‘
particles of dispersing medium. A colloid is also known col‘lo “
dispersion because the particles of dispersed phase remain di spevs°d in B*
dispersing medium but not dissolved. . | "
iiy The colloidal suspensions are often translucent or opaque put 08
transparent.
iii) Colloidal particles are intermediate in size; : ize of © 4
particles is greater than the size of the pi’:;zlel:a;flst.hzh;fc o ot
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qaller than particles of suspensions that can be seen by naked eye. Colloidal
_icles have dimensions ranging from approximately 2nm to 1000nm. Particles

with diameters 0.01nm to Inm are true solution particles and those larger than
are suspension particles,

i) The colloidal suspensions and true solutions look similar to the naked eye.

put the colloidal particles are t00 small that are not usually scen by the naked

__eye and even with an ordinary microscope. However, they can be detected by

" clectron microscope. On the other hand, the particles of true solutions are so

Fsmall that they cannot be seen by the naked eye and microscope but the

‘ particles of suspensions are so large that can be seen with microscope and can often
seseen with the naked eye.

v) The particles of colloidal suspensions are not settling out under the influence
of gravity because their particles are in constant random motion, called Brownian
motion, which keeps them from settling. This is due to small sized-suspended
| patticles of colloids. The motion of colloidal particles increases by rise in
- kmperature and decreases by increase the viscosity of the colloidal suspension. The
motion of colloidal particles can be detected by ultra-microscope,

| %) The diffusion of colloidal suspensions is very slow due to large sized-
“pended particles of dispersed phase than that of solution which is fast due to
| $mall size of solute particles. The suspensions do not diffuse. Diffusion is due to
*rownian motion of particles which is more rapid for small sized-particles.

Vi) Colloidal suspensions pass through filter paper but do not pass through
“mipermeable membrane.

") One of the most important properties that distinguish colloids from solutions
“18 ability to scatter | ight. When a beam of lightis passed throughatrue  solution,
L 4300156e the path of the bear of visible light because the ight  is not scatiered
i&m“’iﬁllsizeofso)ute molecules. However, whenabeam of light is passed
Tough 5 ¢olloidal suspension, we can see the path of the beam of visible light
g the light is scattered by the dispersed phase. This phenomenon was first
l,ml:d Y the Irish physicist John Tyndall (1820-1893), and is termed s the
__ ligh;ﬂm Consider the examples of Tyndall cffects. The visibility of
. OTears is not better in the fogging weathers because the colloidal-sized

j Wig':"lf- fog scatter the light, The particles of dust can easily be seen in abeam
S0 the ‘sir of 'a. raom bacause: the. colloidal-sized dust particles

(@
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(c)
Figure 10.8: (a) Light passing through solution: (b) _L':gh{ Scancﬁng by
Colloidal Suspensions, (c) Light Scattering by Colloidal Suspensions }
scatter the light. The sky looks blue because the colloidal-sized particles in the
scatter the light.

Some of the properties of solutions, colloids and suspensions are compared i
thetable 10.13. 4
Table 10.13: properties of solutions, colloids and suspensions
Property |  Solution ~ Colloid e
Typeof | Homogenecous | Homogeneous
Sizeof | 00lnmtolnm | 2nmto 1000 nm :

| Effect a_ﬂ'_ﬁll(”""f‘“ Cannot scatter | Scatter light

.

HYZE light R

2 - s r.:c_f
e =

wey | Transparent Cloudy (translucent) _ | Oopaque

jes of | down on standing standiog

erability | Non-filerable | Nonfilerabie

“Separation | The solutccanbe | The dispersed phase canbe | Con%!
: | scparated from | separaied from dispersing medium. | 6P C

ok gt th‘csolvcpt-‘by byselmperm ermeable membrane; that ﬁj“'i
. |cvaporationand | is, cellophanc and cell walls A,
- | distillation. Yo e ‘

| Invisible by Invisible d withan | ViR
| maked eye and ;ymmwmmd ST kel S
| microscope =

(@)
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- BASCS, ponent of solution that is in larger amount is
the solvent, The component of solution that is in smaller amount as compared
fos lvent 1s called solute. The solution of substances in water is called aqueous |
~solution (aqua means water). Liquids solutions may be coloured or colourless |

;Wci&f and transparent. The solute particles of solutions are very small and
cannotbe seen by the naked eye and microscope,

> Asu’spensigm 18 & heterogeneous mixture and the particles are so large that can
be seen with microscope and can often be seen with the naked eye. The
particles of suspensions are large enough that they settle out under the
influence of gravity.

» Acolloid is a homogeneous mixture of two or more components like solution.
The dispersed particles are intermediate in size between those of a true T
solution and suspension and do not settle out under the influence of gravity.
The dispersed particles of colloids are so small that are not usually seen by the
naked eye and ordinary microscope. But can be detected by electron |

* The solubility of solute is the maximum amount of solute dissolved in given
‘amount of solvent to make a saturated solution at a given temperature. The
solubility of solids and liquids in a solvent is usually increases by increase in |
temperature. In contrast, the solubility of gases decteuses by increasing |
{femperature. The solubility of gases increases by increasing the pressure over

thesolutionofthegas. . | -

* Concentration is the amount of solute dissolved in the given amount of solvent |

 orsolution at a given temperature. The concentration of the solution can be.

. expressed by percenta ge composition, molarity, molality, mole fraction, parts |

|

stance which has measureable vapour pressure s said obe volatile while.

sﬁgI‘Ql‘llﬁll(tm.ptlrt’!ipm.'blllwn, and parts per trillion..

= slwhsmewhmh has no measureable vapour pressure is said to be non-i

F
\-
»

".; X, '. \ 3 w';~-‘\"v* . s '.A'.. 1% .'.. R R . . - !
E N reverse nemencic the mreccure on the more concentrated side is applied to

Scanned with CamScanner



Q.1.  Fouranswersare given fore

1)
(a)
(c)
i)
(a)
iii)
(a)
(c)

1v)

ach question. Select the correct one:
One molar solution has one mole of solute in the solution of:

1000 ml (b) IL

bothaandb (d) 1000g

Which one of the following is more concentrated:
0.IM (b) 0.25M (c) 0.5M (d) 0.75M
Which one of the following is the example of colloid:
Ink (b) milk of magnesia

glucose solution (d) soda water
The mole fraction of ethyl alcohol in the solution consisting 23g ethyl

alcohol and 3.2g methyl alcohol 1s:

(a)
v)

(a)
(c)
vi)
(2)
(©)
vii)
(a)

(b)
(c)

(d)

viii) The solubility of which one of the following substances

0.17 (b)0.37 (c)0.63 (d)0.83
Which one of the following is NOT soluble in water:

Benzene (b) phenol

ethyl alcohol (d) table salt

Which one of the following 1s a colligative property:
Melting point (b)density

boiling point (d) elevation in boiling point
Elevation of boiling point is directly proportional to:

molal concentration of solution
molal concentration of solvent
molar concentration of solvent
molar concentration of solution

increas®™

rise in temperature:

(a)
1X)
(a)
X)
(a)
(c)

Co, (B)Cey(SO),  (YKNO, ()0,
The solution cools when water is added:

KNO, (b)CuSO, (c)H,S0, (d)LiC!
Which of the following can NOT scatter light:

gugar in water (b) milk of magnesia

starch solution (d) fog
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02 Fill in the blanks with suitable words

03,

given in the brackets:

) Theoxygengasis —__soluble in water. (completely/ slightly)
i) The solubility of the gag s : by doubling the partial
pressure of the gas above the s ution. (dou @q uadrupled)

i) Spongeisanexample of __-(suspension/colloid)

iv) The component of solution which s in amount is called
solute. (larger/smaller)

v) The concentration of solution o
(0.1 M/1 M)

vi) The relative lowering of vapour pressure is
to the mole fraction of solute. (directly/inversely)
vil) 15% W/W sugar solution contains 152 of sugar in 100g of
: - (solvent/solution)

Viit) IS & process in which an ion or molecule is surrounded by
solvent molecules. (hydranow'solvalion)

ix) The freezing mixture, which is used to freeze

f 6g of urea per liter is

proportional

the ice cream, is
prepared when 1s mixed with ice. (KNO.,/AgNOJ)

X) A semipermeable membrane is a thin layer of material that allows
particles to pass throu ghit, (solute/solvent)

Label the following sentences as True or False:
) AgClis completely soluble in water,
i) Glycerin isused as antifreeze in the radiators of automobiles.

ili) The amount of NH,Cl needed to make 500mL of 0.25M solution s
6.69g.

) We can see the path of visible light when a beam of light is passed
through a colloidal suspension.

¥) Beatenegg white is the example of liquid foam.

;ﬂ The impurities of the substances are usually expressed in parts per
Vi) 20% VIV alcohol-water solution means that 20mL of alcohol
dissolved in enoy gl water tomake the total volume of solution 100m]

Viili) The heat is absorbed when sulphuric acid is dissolved in water.

) Asolution which can dissolve further solute on addition is known as
rateq s, ution,

fraogi ., completely miscible solutions can usually be separated by
tonal djgti] lation,
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Q.4: Definesolution. Whatare the gencral properties of solutions?

Q.5:

Q.6:
Q.7:
Q.8:
Q.9:

Q.10;

Q:11:
Q.12:
Q.13:

Q.14:
Q.15:

Q.16:
Q.17:

Q.18:
Q.19:

Q.20:
Q.21
Q.22:
Q.23:

Q.24

‘The molarity of solution is affected by temperature chang¢ and mo*

Distinguish between hydrophilic and hydrophobic molecules, What g,
function of soaps and detergents?

What are liquid solutions? Explain in your own words with exampleg
What are the different types of liguid solutions? Explain indetail,

What is the meaning of “like dissolves like™? Explain with examples
Explain why table sugaris dissolved in water butnotin benzene!?

What is the effect of temperature on the solubility of liquids in liquids )
solids in liquids?

What is the effect of the pressure on the solubility of gases in liquids?
What is the effect of the temperaturc on the solubility of gasesin liquids!
What happens:

(a) When the pressure of CO, gas above the solution of carbonad
‘beverage is increased and

(b) When the temperature of the carbonated beverage is increased?
Why we drunk carbonated beverages only cold but nothot? _
Why does a bottle of carbonated beverage effervescence when J®
uncapped the bottle? 3 ’
The carbonated beverageiskeptin closed vessel, why? |
Discuss and explain the heat of solution.The heat of solution i eilb®
negative or positive for solution, explain. :
What do you think, the rise in temperature will increase or'dccl’eﬂ’";
solubility of NH,Cland NaOH in water? |
What do you know about concentration units of solution? Descrt® 7
compositions of solutions in terms of weight by weight, weightby "™
volume by weight, and volume by volume percent. o
What do you mean by molarity, and molality of solution" o
mathematical equations to calculate molarity and molality of "’1“":[:}'

solution is not affected by temperature change. Explain. 3
Why the sum of the volumes of individual compo nentsis 0O

equal to the total volume of solution? | s
What 1s g)ole, fraction? Why the sum of all the components pf‘”‘d
solution isequal toone? | W

Describe and explain the concentration units. p er million:
trillion. units, parts per
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35 prhw Raoult's aw with the hetp of thiee Statements when soluteisn
yolatile and solvent is volatile,

020 Explain Raould's law when both of the components of sofution; that is,

- soluteandsolvent are volatile.

Q7 Anon- -ideal solution shows two types of deviations from Raoult's law; that

iy positive and negative. Explain with the help of graphs,

Q2 38 What is the difference between ideal and non-ideal salutions?

Q2% What is the meaning of the term colligative? Define the term colligative
propety and name the four colligative properties of solution, What are the
conditions for colligative properties?

QJG The vapour pressure of a solution containing a non- ~volati lc soluteis always
less than thatof purc solvent, justify.

Q31 Why 1§ the vapour pressure of sea waser less than that ofpure water”

032 How can you calculate the molar mass of non-volatile and non-elee tralyie
solute ina volatile solvent?

Q33 Explain freezing point depression and boiling point elevation in your own
words. Give: apphcauom, of freezing point depression and bailing point
‘elevation.

234 Expiam 0smosis, osmotic pressnre and reverse osmosis. Give their daily
ife @phe&t;ons

V35 Whatis colloid? Describe the types and properties of colloids,

b36: Whatis the difference between solution, colloid and suspension?

37 Fxx;aiam why a solution ‘and 2 colloid are considered as homogeneous
mixtires while suspension is considered as heterogeneous mixture?

L“'S‘ What isthe Tyridall effect? Givetwo examplesof thiseffect.

* Define the terms solute and solvent Identify the solute and solvent in the

Solutions given below:

'f,(“ lﬁgofsugatandw()g of water
) Sgﬁfoxygenandmgof nitrogen
19 5mL ofwaterand J0mLof ethanol
(d) Air

smwatm'

90
("kuhwﬂm weight percent of gold ring containing 2¢ of platinum and 7g

golg,
# faicu% the W/V % of 0.5 liter of soft drink that bas 55g of dissolved
O dioxide gas.
(383)
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Q.42

Q.43;

Q.44:

Q.45:

Q.46:

Q47:

Q.4R:

Q.49:

Q.50:

Q.51:

Q.52:

A cup of 200mL of hot milk tea contains SOmL of milk. What is the yas
of'the tea? -
A solution contains 12.25g of KCIO,, dissolved in 5% 10" g of water %
1s the molality of the solution? ]
How many grams of calcium chloride are required to prepare 0,04
0.025M solutions? ‘3
If 15g of urea (N,H,CO)is dissolved in 5 x 10’mL of solution, calculae
molarity of the urea solution. g
Calculate the molality of each of the following solutions comalnmg.
(a) 0.1 molofsolute in0.25kg of solvent

(b) 0.25 molofsolutein 0.1kgof solvent

Calculate the molarity of each of the following solutions containing:
(a) 1.50molofNaClin0.50L of water

(b) 2.25 mol of rock candy in4.50L of water.

A solution 1s prepared by dissolving 9.2g of toluene (CTH.)m39M
benzene (CgH). What is the mole fraction of toluene in this solution? l
The bottle of one liter mineral water contains 78mg calcm

magnesium, Smg sodium, and 1mg potassium. Calculate the
of each mineral in the mineral water in ppm, ppb, and ppt.

What is the boiling point of the solution that contains 23,25;& ,;Q"
(CHJNH,) in 0.75kg of ethyl alcohol? The boiling point of pure &%

alcohol is 78.26°C. The boiling point elevation constant for ethyl aleo®™=
1.22°Ckg/mol.

A solution prepared by adding 11 308°faﬂ°f8““°compomdm¢,‘h |
ether has AT, and K, values for ether 3.06°C and 2.02°C ¥°

respectively. Find out the molar mass of the o .
Calculate the freezing point of sugar solm(::ﬂ@ compomd' gssgofa
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Sttty % ‘ bk i SR
Lk bt | ;E’.ﬁérgy 1 Chemical Reactions | BRI f s 1 R
2 i]l.2 Themlut:!ynamiug
|13 Intemal Energy
L4 TFirst Law of 1 h::rmmlj,.!n

Ay

1.5 Standard State and Standard 1.
.6 Heat Capacity

1.7 Calorimetry

1.8 Hess's Law

1.9 Born-Haber Cyele

thalpy Changes

Thestudents will be able to-
®: Define thermodynamics. (Remembering) .

® Classify reactions as exothermic or endothermic. (Understanding)
“®i Define the terms system, surroundin 8. boundary, state function, heat, heat capacity,
o intemalenergy, work done and enthalpy of a substance, (Remembering)
i . Name and define the units ofithermal energy. (Rﬂmem,bt:riqgj e |
# i.Relate a change in Eﬂrb.ﬂllp_? to the heat of reaction or heat of combustion of a

reaction, (Applying)

® Relate change in temal energy of a system with thermal energy ar constant
4 Hpemture and constant pressure. (Applying)
oy !;r;ﬁgf'ﬂi_%byﬁﬁ&gsaiariqn:nerg}ﬁ (Remembering) ' WERTI—
. gﬁatheegﬁ}nmcntal data ‘to calculate the heat of reaction using a calorimeter.
i ,Sﬂﬁif)!f"édhaﬂi'uhs for the standard heat ofrcacthn-(ﬁpp!ﬁpg_) o

S ABRIZAL L ST s le eriéd '&?diés'ﬂlnﬂb‘fﬁﬂﬂdﬁlg) s
I,_;_‘;,A]@'.lx‘IQEFEL&W@CQM@EEEIWB‘:_ efrg'}' W I ey il ;
i, Describe ey hear of bombudeion cart e vsed 16 estimate the energy avaiilable from

foods. (Aniatyzingy - D s g
L lain res i}{mgj thivay diagram in terms of enthalpy changes of'the reaction,
i e 1{]?f‘mﬂaber‘s Cycle) (Applying)
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~main types of energy: that is potential encray, and the kineticenergy.

Introduction

The branch of chemistry which deals with heal chinges durme a chemical reacyy,
15 called thermochemstry,

The ability or capacity of a body to do work is called energy. There are tyy,

The energy of an object due (o its position relative to other objects or stopg
in a molecule due to its chemical honds is called potential energy. The water held
behind a dam has potential energy because of its height. The potential encrgy of
water increases when the level (position) of water in the dam i.ncrea!il.‘ri and the
potential energy of water decreases when the level {p{lﬁilinnﬁ of water decreases
This water has no kinetic energy becausc it is not moving. 1

The energy of a system due Lo its motion 1s called kinetic encrgy. All ik
moving objects have kinetic energy. The magnitude of the kinetic energy qf a body
depends on its mass und velocity. The greater the velocity of objects, the higherthe
kinetic energy or‘and the heavier the objects, the higher the kinetic energy- Wbﬂ_ﬂ
water is allowed ta fall over the dam, its potential energy is converted into kinett
energy. The kinetic energy of falling water increases when the speed of i_'lﬂ'ﬂ-' of
water increases. Kinetic energy of the given mass of water s directly pmpamonﬂm
the square of its speed. 1

The SI unit of energy and heat is joule which is defined as: the gmount of
energy expended when a force of one Newton moves an object (body) “f,l.kjf
through one meter in the direction of force. Joule (1818-1889) was 3 Bat |
scientist who probed work and heat. Joule is a small unit of cnergy; We therelor
use the unit kilojoule for energy (1kJ = 1000)). The non-SI unit of energy ¢ v
which is used in large scale is calorie. It is denoted by cal and i3 dofined 851

. . . L « e fTOME
amount of energy required to raise the temperature of one gram of water !

14.5°C to IS.SbC(Ikﬁ'ﬂI: 1 00Ccal). gﬂ

Encrgy is very important for us on the carth, For example. the food "‘;ﬂ
provides the energy in thr{ form of heat 1o regulate our body temperatuf® ™ ’d,gj
oul all other bodily functions. The buming of logs, ¢oal and natural £ ?’ﬂ i
energy in the formofheat to warm our homes, The burning of gasoline 2™ v
(he engine of automobiles provide energy to run engines. The energy releasl 7
burning of fuel is used to generate electricity which in turn is used to light I:m, s
computers, refrigerators and other appliances. The main source of ener@y >
after that a large amount of energy comes from chemical reactions.

The transfer ol energy between two abjects due to difference it "

is called heal. Heat flows from a hot body 1o eold body until both are at the
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*jemperature” et us unmderstand how energy s transferred from one piece of matter

o another. When a red hot iron bar is placed in cold water, the temperature of the
water increases, because the energy in the form of heat flows from iron bar (hot
hody) 1o water. Cn the other hand, the femperdture of hot iron bar decreases.
because the energy n the form of heat flows away from it to surrounding (water).
This process of transferring of heat is continued 1ill the temperature of the iron bar
becomes equal to water,

1.1 Energyin Chemical Reaction
Chemical reactions may cither be exothermic or endothermic, Those reactions or
processes 0 which heat is evolved (from system to surrounding) are called
exothermic reactions or processes (Greek: exd = outside; hence heat flows out), The
burning of gasoline. coal, and wood are the examples of exothermic reactions, The
other examples of exothermic processes are freezing, condensation, and deposition.
Some of the exothermic reactions are: T

CHyp * 203[1,_” — ZHLA,, + €O, AH = -890 4kJ

Co*t Oypyy— COy,,, AH = -393.51kJ

Amount of heat released is indicated by AH with negative sign because heat

~ flows from system to surroundings., Majority of reactions which take place at

ordinary temperature are exothenmic.

During chemical reactions old bonds are broken and new bonds are formed.
Bond breakage is an endothermic process while bond formation is an exothermic
process. If the energy needed to break old bonds in
the reactants is less than the encrgy evolved by new
bond formation in the products, then the reaction Is | A process that is endothermic

eXothermic, In this case some of the potential |in i’nrwar;l direction is
exothermic in reverse

Keep in mind ff
R o

m: 1 ! ¥ e ¥ ¥ h‘ s ¥ s &
rg}f IS mmertf;EI mto thermal energy The direction, that is, evaporation,.
Potential energy of the products is less than E_Mdﬂhm:_pm:esﬁ

eactants, that is why, the products are more stable  |while condensation, the
than Teactants; that is, the bond in the products are  |"everse of evaporation, is an
Mor \exothermic process,
¢stronger than those of the reactants. :
Those reactions or processes in which heat is absorbed {from surrounding to
stem) are called endothermic reactions or processes (Greek: endon = within:

¢, heat flows in). The process of photosynthesis in plants is the example of
les of endothermic processes are mel ting,

.

& = % _ =
"“‘i“_hmmﬂ reaction, The other exam

ey

~Poration, and sublimation. Some of the endothermic reactié}ns are:
Y A ’!0

(8n o P



AH _LI}'!‘&I L7 ]

- Clsl _FHIJC.-[[:‘.* —_— C{jlgi-:[— Hl‘*ﬂ |
AH = +1805)

Nlim + Oy

Amount of heat absorbed is indicated by AH wath positive sign, becatse hey

— ?"NUW

flows from surrounding to system.
If the energy needed to break old bonds m (he reactants is greater thyy p,

energy evolved by nmew bond formation In the products, then the reaction
endothermic. In this case some of the thermal energy is converted into potensy
energy. The potential energy of the products is greater than reactants, that are '-'-h};]
the products are less stable than reactants, that 1s, the bond in the product !

weaker than those of the reactants. i
The amount of heat evolved or absorbed when reactants are converted iy |

ic called heat of reaction, Tt may also called
< the amount ol heat evolved o

nochemical equation or reaction

products during a chemical reaction
chemical energetic. The equation which show
absorbed during a chemical reaction is called then

112 Thermodynamics
The study of energy. work, heat, temperature and their relationship is knownd
thermodynamics (Greek: thenme = heat: disnamis = power). [t may also concermtd
with energy transformation; that is, the transfer of energy from one object (0
substance) to another. Chemists give preference to the branch of thermoﬂ}'ﬂﬁﬂ"‘f
that is, thermochemistry.

There are four laws of thermodynamics, but only the
thermodynamics will be discussed in this chapter,

Some Thermodynamic Terms

System | |
Anything (substance or mixture) which is under gbservation or experimen!

laboratory) is called system.
Wﬁfsm I wilh
i) Open system: It can exchange both energy and matier (mass) ¥
surroundings. Examples are open reaction flask, rocket, and an unEO‘*":wd
(ca. The energy and matter donotremain same iq"an open system. it
i) Closed system: It can exchange only energy but not the matter lmassilgﬂ.
surroundings. For example, a sealed reaction flask, a gas ina closed cont

| ¥

vsiem is mostreadily st in rrm:u.:l'u.mi:atl—‘z].1 o
iii) Isolated system: It can exchange neither energy nof malle’ .

curroundings. A thermos {lask containing hot green tea appwx@/
5})‘51&[11- o

firt o

(in¥
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Eyvervthing in the umverse which is o partol'the system is called surrounding,
Universe

The system plus Hs_surounding s called universe, It is different from the
- et e 2
. 3Emnrtm'lm'::lfunn.nr:r:u:n

Umverse = System Summnding
" Boundary
{ The real or imaginary surfice which separates the system from surroundings is
called boundary.
i) Supposewe havea cup full often, the tea is system. the cup and other things are
suroundings. The tea plus cup and all other things is universe,

i) Suppose we are studying the thermal decomposition of Ph(NO,}, ina beaker.
System . P(NQO,),
Surrounding  : Beaker+ Source ofheat + every thing else.
Universe . Pb(NQ,), + Beaker + Source of heat + Everything else.
States of System

The condition of the system is called state of system. The \anauvles such as

Jkmperature, pressure, volume, enthalpy etc. describe the state of SYStem, State is of
Twotypes:

) Initial State of System: The state of system before it undergoes a change is
“alled initial state of system. Suppose we have a beaker of water, It has some
kmperature and volume, which is its initial state.

) Final State of System: The state of system after it undergoes a change is
“alled fing] state of system. Suppose we heat the water, as a result of this
*mperature changes. Itis its final state.

Change i Stae

- The difference between two states (initial and final states) is called change in

- rorexample:
Change i temperature (AT) = T,-T,
' Cl‘aflge In pressure (AP) =P,- P,

Changﬁin volume (AV) =V,~V,
Clm“gﬁinenﬂmlpy (AH) =H, - H,

I (389)




State Funetions (State Variables) e
A property which depends Uil T RL ] it states clsvstenn el iy lllch_'pcnriem
ol the ]11“"1 Pl o e ] "y ”J't”‘*f'r"‘!&'T‘!] s ciliedd st fnehion

For example. temperature, pressure, volume. enthalpy, internal encrgy are
all state functions. The properties such as heat and work are path dependent and are
not state functions. a, g

11.3 Internal Energy :
I'he sum of all kinds of energies (inetic and potential energics) of the contponent
ol the systemn (particies) s culled imterndl enerey (E= PE -+ K.E) Itisrepresented by |
symbol E. The S1 unit of internal encrgy is joule and non-S1 unit 15 calorie, The }
internal energy depends upon metion of particles, their arrangement, |
intermolecular and intra molecular forces. Internal encrgy is the sum of kineticand |
potential energies as we know, Now we should know that, potential energy is dueto

intermolecular and intra molecular forces whereas the kinetic energy Is due o

translational , vibrational and rotational motions. |

K.E = Eyimionss T Evrunsistiooat * I—

Vibrational energy is due to vibrational motion, translational energy isduet0 |
translational motion and rotational eneryy is due to rotational motion, _

The internal energy of a system cannot be measured. However change 1
internal energy (AE)}canbe calculated. '

AE = E, - E,

Internal energy change (AE) ot a system is the amount of energ
absorbed by the system at constant volume, The change in internal energy has
portions:

i) Anumber which shows the magnitude of the change.

i) Aunitwiic h also shows the magnitude of the change,

i) Asignthatis used to give the direction, ; -5;‘
IfE is positive, then E.is greater than & (E,>E )and if E is ncgmi\ee.mcﬂ :

less than E, (E, = E). 'thﬁ

Keep in mind that the increase in the energy of the system oceurs ¥
decrease in the energy of the surrounding and vice versa. ,

Anincrease in intemnal energy;

iy Can cause achemical reaction when itis enough to break the bonds. o
ii) Can change the phase of the system: that is, fusion or evaporation may u.uh -
iijy Can INCrease the temperature of the system which in turn increase’ (he
encrgy of the system.

y ct’ﬂl‘“ﬁ! o
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11.4 First Lawof Thermodynamics

First lmw of thermodynanues is the law of conservation of encrgy and is stated as:
QrierEy can nerther be creaed nor destroved bt can e « hanged (ronn one lorm Lo
anether formi. Itmay also be defined as: fhe ierey lost by the system s equal 1o the
enery gawned by the surrounding but he wal cnergy ol the universe 1s always

comstant.

tiniverse — ABg 0 + AL iindme = 2210
The internal energy changes when a system cither gives off or gains energy
(heat). Similarly, the internal energy changes when a werk is either done by the
system on the surrounding or done by the surrounding on the system. The total
change inthe internal energy is the sum of work (w) and eneray (q).
AE=q+w
This is the mathematical form of first law of thermody namics. The internal
energy of the system increases when work is done by the system on its surrounding
and vice versa.
Work has to be done when;
1) Weincrease the speed of car from 0 to 80 km/hour.
1) We walk upstairs.
m} Welift a hammer.
iv) Anelectron inanatom is forced 1o goaway from the nucleus,
v) Acation is isolated from anion in anionic compound.
vi) A fixed amount of gas is compressed in 1o a smaller volume under the influence
ofan external pressure; thatis, the pumping ofair inthe tyre.
In all of the above cases, the work has been done on the objects (system), hence
the enétgy (P.E.) of the objects increase.
The work has to be done when:
1} Thestone throws down the mountain.
1) Tears streamdown the face.
!iii Water flows down the hill.
V) Petrol burns inside the engine. *
"-’Il The wood and coal burns inside the stove.
Vi) The tyre of the car bursts.
Inthese cases, the work has been done by the system on the surrounding, hence,
lhe’mﬂrgy of the system decreases.
The sign conventions for heat (q) and work (w) are as under:
The q is positive when system absorbs energy; that is, for an endothermie

i (381)
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process and q is negative when system releases encrgy. that 15, 1or an exotherm,
process.

The w 1s positive when the work 1s dong on the system by the Surroundings
and w is negative when the work is done by the system on the surroundings,

The AE is positive when the systeim absorbs energy (heat) and AE 1s negative
when the system loses energy.

Pressure-Yolume Work
The product of force and distance is called work.

Work (w) = Force(F)x distance(S) ..ooocviiiiniie (1)

Slunitofwork is joule.

There are various kinds of work
but i chemistry we most commonly
deal with Pressure-Volume Work. Let
us consider a gas confined ina cylinder
with movable piston as shown in the
figure. The mternal energy of the

system is E, at initial state. A quantity
of heat (q) is given to the system. The
internal energy of the system changes

from F, to E, and the piston moves
upward. ta) bnital

i : (b} Fimal
In the figure, A is the arca of the state e

piston, P is the cxternal pressure on the
piston, F is force exerted by the gas on
piston and q is the heat absorbed by

Figure 1 10 Pressure-volume Work

the gas.
As pressure is force per unit area, hence:
.
Ll I
Therefore,
F ;P:;{.ﬂl. B R e FE {Li)

| et us assume that, the gas expands. As a result of this, the piston mo¥e o
h (initial height)toh, (final height). The difference of thege heights is Bqua,l o
Ah = k- h, e e (iii)

i’
We know that, the volume of the gas in the eylinder is equal to cros gect

area (A) multiphed by the height of the columin of the gas(h).
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Henke

AV - Ax h {Aren = II:EIL_',I]] * Wwidth)

By applying the initial and finy) states of system. we gel
‘i'l1. = "1,_ b hl B S L (lv}

Ve =RXN: s (v)

Change involume (V) is
AV = ‘n-’[ = ".n"l llllllllllllllllll i

By putting the values of cquation (v)and (v) in equation (vi), we get
AV = Al - Ah

AV = Ath, - h)

AV = AAh (vii)
By rearranging the equation (vii), we get

Ah =AV/A (viii)

Where, his change in height or the distance traveled by gas due to force.
By putting the values of equation {i1) and (viii) in equation (i), we get:

w = PA x AV/A

W = +PAV

(Positive sign shows that work has been done on the system (gas) by the
surrounding).

As, w = PAV
Therefore,
AE = g+pAy
- Ifthe work is done by the system, then
AE =g . pAy (OR) AE=q-w
14,1

eh

Heat Chg nges at Constant Pressure

A Content of a system is called enthalpy. It may also be defined as: the

: Icn{:rg}. E plus product of pressure (P) and volume (V) is called enthalpy, Itis

?’“"ﬁv (AH

Sented }y
H*E-I-F’U

¥ H Mathematically,

It jg mpossible to measure enthalpy of a system. However change i

)ean easily be measured.
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or
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11.4.2 HeatChangesat Constant Volume

AH = H, - H, s ()
H"‘: w EE 'l_ P:V:

H, =E +PV,

By putting (he values of H.and 1, ineq. (1)

AH = (E,+P,V,) - (B, 7PV} oveirnimeemies (i)

AH = '[E;.' - ElHlP:"f: : PIV‘I]

AH = AE + APV

When Pis constant whereas the gas s expanding, then we can write,
AH = AE + PAV

AH =AE+ W  eeirmnnnane (iii)  (WherePAY=w)
According to the first law of thermodynamics,

AE =q-W

By putting the valueof AE in equation (i), we get

AH =q-w+w

AH =q {(q=Amount of heat supplied)

This relationship is usually written as,

AH = Gqp

Where, subscript p means constant pressure.,

AV=0

or

Consideragasina closed container, the volume of the gas 1s not chﬂﬂgﬁd'Thﬁfﬂ
According to first law of thermodynamics:
AE=q - W
AE = g - PAV
As volumeis constanti.e. AV = (), therefore,
AE = q - PX0O
AE =q-0 or AE = g

or

This relationship is usually written as:

AE = 4, ¥
. lth
Where, subscript v means constant volume. All the heat given ™

(gas) isused to increase internal energy of the system.
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1. 5 Sllmdnrd Stnte and Standa rd Enthalpy Changes

The physical Ste of substance ot 25°C ynd at one atmosphere which 1s the most

aable state is called simdard state. 1t s denoted by AH”. Where, A(delta)stands for
change, the symbel H for emhalpy, and the superseript degree sign (°) for standard
aates. Henee, the AH® means standar cnthalpy change.
P
I
F chemical reaction when all the reactants and products are in their standard states is
r called standard enthalpy of reaction, It may also called heat of reaction. It is denoted
! by A, Substances are said to be in the standard state at | atm: hence we use the
term “standard enthalpy.™ Here the subseript “mxn” stands for reaction. Hence,
isread as the standard enthalpy change of reaction. Its unit is kImol™,
For exothermic reactions AHZ values are shown by negative signs and for
endothermic reactions the AHZ; values are shown with positive signs.

For example:

2H,+ 0, —— 2H,0 AH? = -285.8 kJmol ™

C+0, — CO, AH? = -393.51 kimol™'

The magnitude of AH is directly proportional to the quantity of reactant
 tonsumed in the process (or to the quantity of preduct formed in the process). For
- txample, 393.51kJ of heat is produced when 1 mol of carbon is burnt at standard
| Slates. Because the combustion of 1 mel of carbon with 1 mol of O, releases

393 51k] of heat, the combustion of 2 mol of carbon with 2 mol of O, releases twice
@ much heat, 787 02};]
2C + 20, —— 200, AH, = -787.02 k)
15,1 Qtauﬂard Enthalpy of Atomization (AHZ,)
Thf'»nthalpy change when one mole of gaseous atoms 18 formed from the element at

"endard states is called standard Enthalpy ofatomization. It is denoted by AHS,. Its
' Unitis kJ oy . Forexample, the standard enthalpy of atomization of hydrogen is:

The amoum of heat released or absarhed (enthalpy change) during a

/2 Hyy — Hy, AHS, = 218kJmol ™’
Thestandard enthalpy of atomization of sodiumis:
o _ =1
Nam____,, Na, AHZ, =107kJmol
(345)
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1152 Standard Enthalpy of Formation( AT )
The enthalpy chanee when one mole ol a cormpound i formed Trom s elemgy, n
their standurd states 15 called standard enthalpy of tormiaiien. 115 denoted by
f 0 . Ik
AHY and its unitis klmol ',

Gy * D —— BB ATl = - 393.51 kimol™

':hil ;{u'

Mg, + /20y, — Mg0y, ALY = 692 kimol !

A negative AH{ means that the compound is more stable than reactants, Fr
example, CO, and MgO are more ctable than their reactants. On the other hand, the
positive AHY means that the compound is less stable than their reactants, For
example, NO is less stable than their reactants. Consider the reaction,

Ny + Oyy — 2NQ, AHS =+ 90.37 kimol"

The reactions which are exothermic in forward direction will he
endothermic in reverse direction. The enthalpy change [or a reverse reaction
equal in magnitude to that for the corresponding forward reaction but opposite1n
sign; that is, heat of decompesition of a compound is equal and opposite o heatof
formation of that compound. For example, the amount of heat released 15 46.11K
for the formation of one mole of ammonia. The amount of heat required ©
decompose one mole of ammonia is 46.11kJ which is equal to heat of formationt
ammonia but apposite in sign because the reaction in reverse direction 1§

endothermic.
N: + 3!“1] —_ :ENH} Mu:—%ﬁiill rl
2“}{1 » N: + 3H1 ﬂHﬂ —_c 46-11 I] tjrl.
Table 111 Standard Enthalpies of Formation of Some Common Substunce 3l 1510




The stabihiy of 1 compound has close relation with enthalpy of formation.
rhe enthalpy af formation of o compound will enable you to identify a stable
somputtd. A compound 1 sasl to be unstable which has positive or low negative
cilues of eathalpy of forosation and 4 compound 15 said to be very unstable which
kas high postiine vitlues of enthalpy of fermation, On the other hand. the compound
with hgh negative valugs o enthalpy of formatiom i caidsn b ooreoiobla
with igh neg s elenthaipy of formation is said to be very stable.

——

(.53 Standard Enthalpy of Combustion(AH")
The enthalpy change when one mole of 2 substance is completely burnt in excess of
avveen at standard slates is called standard enthalpy of combustion. It1s denoted by

: s : . :
AR lts unit 1s kImol " For example. heat of combustion of CHy, CO, and CO 18
shown by the reactions:

o r—

i CH, + 20, —— (0,+ 21O, AHY =—R90 K)ol !
C + 0, — (0, AH; ==393.51 kJmol™
C+ 120, —> 0 AHY =—110.5kJ) mol ™

lable [1.2:Sumdard Enthalpics of Combustion ol Some Common Substipee 0t 25°C

|Hydrogen | Hag) -286 || Ethylene | CHygy | -1412

 Mabe CHyy | -891 'lAcetylene | CiHyy | -1300

 Buane CeHep -2880 - |Benzene CeHy | -3270
CsHigy | -5474 ;Carhm_l_munuxige COy -283

‘{q@f'f At ; g X
b*- 1.54 Standard Enthalpy of Neutralization ( AH'')
The enthg] py change when one mole of hydrogen ions (H') from an acid react with
Memole of hydroxide jons (OH ) from a base to form one mole of water at standard
"ates 15 called standard enthalpy of neutralization. It is denoted by AH? . Its unit is
Umol”. The strong acids and bases are ionized completely when dissolved in water
ag;

HC Hal} n e

l(l.] e Hfﬂﬂ + ("qui

| ;
MROHM E:T.llj—:.t Na,, + OHy,

il .E)“ Mixing the hydrochloric acid and sodium hydroxide solutions, the
"€ situation occurs:

+ | 4 -
(thr"'* Cly) + (Najq + OHpg) &= §:Op+ Naygt C|
(347) *
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M INE ADOVE TCUUVIWLILE, Ll b8 preme e = s

TR Wik . e g
sodium 1ons and chloride 10ns remain as s . Hencew. the actual reaction ig: '

H:.q-‘ + OHIMJ —p Hl{jm ﬁ.H: = -—57.4k_]m0[ |

The heat of neutralization of any sSirong acid with any strong by, ;
approximately equal to -37.4kJ/mol. because the reaction mvolves only g,
combination of hydrogen and hydroxide ions.

11.6 Heat Capacity

The amount of energy reguired to raise the emperature of an object or a substurg,
by one degree Celsius (or one Kelvin) is called heat capacity, It 1s denoted by |
unit is joules per gram per degree Celsius (g "C'y or joules per mole per degne
Celsius (J/mol °C). It is measured at constant pressure or constant volume.

Heat capacity may further be cla ssified into specific heal capacity and mo
heat capacity.

The amount of energy required 10 rise the temperature of one gram ofd
substance {element or compound) by one degree Celsius (1° () or one Kelvin(IK
at constant pressure is called specific heat capac ity or just specific heat. [t s denld
by C,. Its unit is Jfg"C. The specific heat for water at 15°C is 4.184)/g°Cand lhl“‘_'-
o is 0,451/ °C. It means 4.184 Joules energy is required to raise the temperilit
of one gram of water by one degree Celsius and 0.45 Joules energy 18 required®
raise the temperature of one gram of iron by one degree Celsius; that is, Wikt .
about nine times more heat to raise the temperature of one gram of watet by |
degree Celsius as compared to iron metal, Tt can be dete rmined Wﬁmemsli_}'ﬁ}
measuring the temperature change (AT), the mass of substance and quantity }ﬁ"i
released or absorbed. The following equation is used to calculate the specifie bet

C,s—

m x AT

Where, C, is the specific heat capacity, m is the mass of a substﬂnfﬂ*ﬁr 4 1

change in temperature, and ¢ is the amount of heat released ot absorbed

positive for an endothermic process and negative for an oxothermic process
The amount of energy required to raise the temperature of & su '{;‘ﬂi

¢qual to the productof specific heat, mass of a substance and rise in emper®
q = C, xmxAT

As (' is the specific heat capacity, by taking mass constank the
heat (¢) released (or absorbed) by an object (or a substance) is direct!y pre

(338)
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ils femperure chanee. The nicrepse in tfemperature increases the quantity of heat
pfaneect.

The amaount vl eieres semned w e thye lemperature ol one mole of a
aupspnee By o degres Celss (1701 or aie Kelvm (1K) is called molar heal
ey s denoted by C - its anitis 'mol “C

The specalic heat cupacity of a substance can casily be converted into molar
heat capacity by multiplving specific heat capacity of a substance with its molar
plHELS

Molar heat capacity = Specific heat capacity x molar mass of a substance

- Every object or substance has its own leal capagity,
© Table 113 The hear capucities of sonme compng sibstinees gnd ohjecis at room temperaliure
1235°C)

Amminum (s) | 0.900 || Ammonia (g) 209 ||Coment 088
Copper(s) . | 0385 'Benzone (/) | LM [Glass | 084
{Gold (s) |Carbon tetrachloride | 0.862 ||Granite | 079 |
(Guphite (s) | 0711 | |Ethanol () | 244 [Steel 045 |
Iron (5) 0450 | [Ethylene glycol (f) | 242 |Wood 1.76 |
Mercary (1) 0.140 Water (f) | @_ S

The water has high value of specific heat capacity, hence
I liplaysan important role in regulating the temperature of the carth.
i} Itisalso used in the radiators of automobiles as a coolant.

i) It keeps our body temperature constant to a certain degree. Hence, our body
Teeds much energy transfer to increase or decrease the temperature of our body.

1.7 Calorimetry

The Measurement of heat of reaction is called calorimetry. The amount of heat
ft?e&srul or absorbed (AH) during a physical and chemical process can be measured
“ith device, known as calorimeter. For example, a calorimeter is used to measure

heat of neutralization of a strong acid with a strong base and heat of combustion
'u Morganic compound burnt in oxygen. There are two types of calorimeters,
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1) Simple Calorimeter
It consists of an nsulated container
with a thermometer and stirrer. IL can
be used 1o measure heat of
neutralization of a strong acid with a
strong base and heat of solution. The
known quantities of reactants are
placed in the calorimeter. The amount
of heat released or absorbed during a
chemical reaction is calculated from
the temperature change. Knowing the
mass of reactants in the calonimeter,
the specific heat of the reacuon
mixture and the temperature change,
we can calculate the heat of reaction
using the equation:

q = C,xmx AT

Because the pressure inside the
calorimeter is constant (latm), hence,
heat change (q) for the process is equal
to enthalpy change.

q =AH = C, x m x AT
wmwfﬂ

Themuime|cr

Mo

al e

Retchan muxture
Figure |1.2: Simple Calorimeter

strong acid with ‘a ‘strong base is

calculated by symple calorimeter.
i) "~ Bomb Calorimeter
1t consists of an insulated steel vessel
called a bomb. It has an ignition coil
and a platinum cup inside the bomb.
The Bomb has an inlet valve for adding
oXygen and electrical leads for the
ignition of mixture. Itis generally used
to measure the enthalpy of combustion
of food, fuel and other compounds:
The known quantity of a
sample is placed in a small platinum

Wianer

Elu_mi:
(Renction chamber]

o4
SR
Figure 11.3: anb Caiﬂf'.
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cup mside the bomb The bomb s seiited amd oxygen 18 added in through an inlet
valve batil the pressure mside the bopyh i about 20atm. The bomb is then placed in
aninsulated steel vessel containing known mass of water. The initial temperature of
warer is noted by thermometer The o mple is ignited by passing an electric current
mrough the 1gnition coil. The heat evolved during the combustion of sample raises
the remperature of bomb, water and other parts of the calorimeter. The rise in
 emperature of water is noted after every 30 seconds. Knowing the mass of sample

mthe calorimeter, the heat capacity of the calorimeter and the temperature change,
~wecan calculate the heat of combustion by the following equation:

q=C xmxAT

-

Example 11.1 & X

F

Calculate the heat of neutralization when 50mL of 0.5M HCI is mixed with
SimL of 0.5M NaOH in a calorimeter at 25°C. The final temperature after
stirring the reaction mixture is 27.25°C. The specific heat of water is 4.184 J/g°C

and the density of solution is 1g/mL.

Solution:

Change in temperature (AT)
Tota] volume of solution = 50mL+ 50mL = 100mL

= Density x Total volume = lg/mL 'x 100mL = 100g

= T, - T, = 27.25°C - 25.00°C = 2.25°C

Total mass of solution -,
Num = _90mL 0 SmolL"'=0.025mol
ber of moles of HCl or NaOH T =

Heatofa neutralization of solution = AH, = r
The equation used to calculate heat of neutralization is:

AH, =g =C,x m x AT
B putting the values we get,
AH, = —(4,184Jg'°C"' % 100g x 2.25°C)

=-041.4] ]
| -941.45) _ _ 5 9414k]
Mevalue of AH, inkilojoule = Top07T
~09414k) _ 37.656k)/mol

e for one mole of HCl and NaOH = m

n]t TN 1 5 n_d.
\Eﬂ"“{n 1s negative because the heat is release
L (401




Practice Exercise 1: |
When SOmL of 1,00M HNO, is added to 50mL of 1.00 M KOH solutigy o
25°C 1n a calorimeter; the temperature of the aqueous increases {o 33;,;
- Find out the heat of neutralization in kilojoules per mole forthe "Wﬂm‘m
specificheatof the solution is 4.184/g.°C and densityis 100g/mL. = !

— e e g
e

11.8 Hess's Law of Constant Heat Summation

Consider the formation of two moles of carbon monoxide from two males of e |

and one mole of oxygen. I
4 B e — 5 L0

A (omaphite g

The enthalpy change for this reaction cannol be measured directly althug
the CO gas is the major product, becausc the CO gas formed during the reac
further reacts with oxygen and forms some CO, gas. The enthalpy change ficth

above reaction can be measured indirectly using Hess's law.
[n 1840, the Swiss chemist German Henri Hess (1802-1850). a professard
St, Petersburg university, Russia formulated this law. He 18 i AR p
inawn as the father of thermochemistry. Hess's law states !
that the enthalpy change during chemical reaction is same i
whether reaction takes place in one Step or in a series of h J
steps. Enthalpy 15 a siate function; hence, its change 15  ©
independent of the path between mitial and final states. i
Consider a general reaction in which A is reactant and s produgt. nthis @:i
i converted into £ by direct and indirect methods. Ina multi-step reactit?
are intermediate statcs. ol
According to Hess's Law, the enthalpy change for the overall fﬂ"‘l;#
equal to the sum of the enthalpy changes of the individual steps 17 a

reaction.
AH = AH, - AH, + AH,4

()

Applications of Hess's Law n¢=‘1
The enthalpy change (heat of formation) of methane, ethyne, CcO, hqﬂﬁ?ﬁ:'m-
alcohol ete. cannot be calculated directly. They can be detcmﬁﬂe‘i =
using Hess's law. Some examples of Hess's law are:

Formation of CO,

The formation of CO, 1akes place by two methods: J
(402)




Direct mnthfrd.:

C + 0, — Co, AH =-393.51kJmol '
jndivect method:

C + 1120, —s O AH, = ~ 110.5kJmol™

O + 120, — 0, AH, = - 283.0kImol !

o= 0. —4 (o, AT = - 393 3kImaol ™!

The enthalpy change remains same whether reaction takes place in one step
orinseveral (many) steps.
. Formation of Sodium Carbonate

lttakes place by two methods:
Direct Method:
2NaOH + CO, — Na£0,+ H,0 AH = —89.08kJmol™
Indirect Method:
NaOH + CO, —— NaHCO, AH, = - 48.06kJmol
NaOH + NaHCO; —— Na,COy+ H,0  AH, =—4] 02kmol”
INaOH + COs  — Na,COy+ H,0  AH = - 89.08kJmol™

The enthalpy change remains same whether reaction takes place in one ste P
orin several steps.

1.9 Born-Haber Cycle

The Born-Haber cycle was developed by the German physicist Max Born and the

German chemist Fritz Haber to_calculate the lattice energies of binary ionic
unds ¥ . The Bormn-Haber cycle states that the sum of all the

“nthalpy changes is always equal to zero. It is a special application of Hess's law.

Calculation of Lattice Energy of NaCl
e formation of NaCl occurs by two methods:

Fect method:
mole of sodium combines with half mole of chorine to produce one mole of

NaC), The amount of energy released when one mole of NaCl is produced from its
“’ﬂhcnts is called heat of formation of NaCl. The heat of formation of sodium

Oride s -411kJ/mol.
Na, + ¥ Clyy —— NaCl,, AH; =—41lkJmol"
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Indirect method:
Lattice energy of compounds cannot be determined directly by experiments. It g
be determined indirectly by means of an energy cycle because anjonic compoyng
thought to be formed in a series of steps. '
The energy triangle diagram for NaClis: : _
Na,,, ¢ %Clzm —% 5 Na,, +Clg,

A

AH,
NaCl,,, !
The complete energy cycle called Born-Haber cycle for the formation of

NaClis; . _—
v Na,,, +%Tﬂy i — NaCl,,
Al Cl

AH, = Al
@ — > Cly

E
"L AH,

+
Nagy — » Nag

We can calculate the lattice energy of NaCl with help of five steps that &

given below! |
iy One male of solid sodium is directly converted into sodium vapours. T

process is called sublimation. It 1s an endothermic process. The enthalpy o
sublimation for sodiumis 107.7kJ/mol. |
Na,, —— Nag, AH| = +107.7k}mol
ii) Onemole of sodium ions are obtained by the ionization of one mole “fgﬂ.# _.
sodium atoms. It is an endothermic process, The enthalpy of ionization for SO
is 496kJ/mol. This is the first ionization energy of sodium. |
Na,, —* Nag, + 1¢ AH, = +496.0k)/mol
) One mole of chlo rine atoms are obtained by the dissociation of half mol¢

cl, &

iii
gas. It 18 also an endothermic process. The enthalpy of atomization for
121.7 kJ/mol.

14, Cl, — Cly, AH = + 121.7k)/meol
jv) Onemole of chloride ions are formed from chlorine atoms by the
electrons. It is an c_mlhcrmic process. The enthalpy of lonization for
s —349 kJ/mol. This is the electron affinity of chlorine.
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Cly © I ¥ AL, =~ 349.0k)!mol
o) One mele of sohd sodiim chleride
wdium fonsand one mole ofehloride
i an exothermie process. The amouw
na(Tiscalled lattice energy,

Is formed by the combination of one mole of
lons. This is the process of lattice formation. It
Lot energy released during the formation of

"'{'11,.:__:_ f {II'}." B N"[Iit.,_. \TE | ?

We cannot determine lattice cnergy directly. It can be determined by using
Hess's law as:

AH; = AH| + AH) + AH + AH® + AR®

<11 =107.7+ 4960+ 121,71 (~349.0) + A

411 = 7254~ 349.0 +AH. '

411 =376.4+ AH;

AH; =411 - 376.4 = <787 4kl /'mol
The lattice energies of other compounds can be caleulated in the same way.

Practice Exercise 2:
Calculate the lattice emergy of KBr with the help of the following
information;

1) Theenthalpy of formation for KBris-392.2kJ/mol

li) - Heat of sublimation for potassium is 89kJ/mol

iii) The ionization energy for potassium is419%J/mol

) The enthalpy of atomization for bromine is 112kJ/mol

Y)_The electron affinity of bromine is ~324kJ/mol

e e e e e

T eof substance, |

tion of an object or storedina.

rges and potential energies of the.




'»  According to first law ol lhemuu]ynumiﬂs. he encrgy of the universe
constant and the nternal encrgy change (AE) 1S the sum of heat (q) and wey
(W)'. AE=§*W

% The change in internal energy (AE)
absorbed by the system al constant volume: AE=4,

|» Inan exothermic process, the heat flows out of the system while i m

| endothermic process, the heat flows into a system.
» Enthalpy is a state function, Tt 1s the heat content of a system. It is equal 1o te I

'« the amount of eNeTgy {heat) evolved i

sum of internal energy (E) and product of pressure (P)and volume (V).
| > Enthalpy change (AH) is the amount of heat evolved or absorbed by the systen

. atconstant pressure: AH =4, |
'3 Thermochemical equation is the equation that shows the amount of heat
change duringa chemical reaction.

» The enthalpy change for exothermic reaction is negative and for endothermic
reaction it is positive.

'» Theamount of heat evolved or absorbed during a chemical reaction of
process 1S measured experimentally by using calorimeter.

> According t0 Hess's law of constant heat summation, the enthalpy &
during chemical reaction 1s Same whether reaction occurs in a single stepor®

a series of steps.
‘ » The standard enthalpy of formation is the enthalpy change when on¢ ﬂ"“f

compound 1s formed from its elements in their standard states; that is,

physkal

' and latm.
» Theamount of energy required to break all bonds inmole of subsmﬁais'd

bond dissociation CNergy. :

e ———

e

Questions and Problems

(.1, Fouranswersare given foreach question. Selectthe correcton® o
(iy The study of heat changes that accompany 2 chemicd eat™
called:
(a) Thermochemisiry (b) electrochemistry
(¢) nuclear chemistry (d) chemical Kinetics
(ii) which one of the following is NOT the unit of heat:
(a) Joule (b)Kelvin  (c)calore ic)kjlojuulc
(ii1) An?rthmg which is under observation or exparimﬁﬂlii ca cd-
(a) Universs (b)boundary (c)system  (d) surroundié

(408)
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Q2,

Vi RIRRY Ve system during endothermic reactions is:
tal  Increased (Gl

(el ﬂL'ithE[inCrﬂ':liﬁ-L"dn{'}rdfcreﬂﬁcd

(d1 firstinereased and then decreased

(v} The sum of kinetic encrgy and potential energy of the particles of
substance is called:

(a) Heatcapacity (b)specific heat

(d) enthalpy of the system {d) intcrnal energy

(vi) Internal cnergy depends upon:

(a) Intermolecular forces (b) intramolecular forces
(¢) motion ofparticles (d) all of them

(vii) The enthalpy change is positive for:

(a) Combustion (bYexothermic process
(¢} ionization encrgy {d) electron affinity

(viii) One calorie is equal to:
(a) 4.184) (b)41.84) (c)418.4) (d)4184.0]
(x) The heat of formation of carbon dioxide is:

(@) 3.9351kJ/mol (b)39.351kJ/mol
(¢) 393.51kJ/mol (d) 3935.1kJ/mol

(X)  Which one of the following is NOT a state function:
(2)  Temperature (b) work

(€) pressure (d) internal energy

Fillinthe blanks with suitable words given in the brackets;
(i) The majority of reactions which give stable products are

~—~—__ . (Endothermic/exothermic)

(i) The w i . when the work is done on the system by the
*rmoundings, (positive/negative) _

(iii) The energy of the system is during an endothermic
Procegs, (decreased/increased) _

(iv) Melting of ice is an process. (exothermic |
“Mdothermic)

(V) The amount of energy required to raise the temperature of one gram of
: Substance one Kelvin at constant pressure is called —_— .
(specific heat capacity/molar heat capacity)
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change the enthalpy of the system. (pressure/volume)

(vii) The cnergy is provided to the system al constant ’

change the internal energy of the system. (pressure/volumne)
(viii) The heat of formation of a compound 15 . fo hegt of
decomposition of acompound. (equal/not equal)

(ix) Theequation for firstlaw of thermodynamics is [E=q
+w/AE =q+w) _
(x) The enthalpy change when onemo lcofa isformedfron 1
its elements is called standard enthalpy of formation. (Substance | 7
compound)

Label the follewing statements as True or b alse:

(i)  Thermochemistry is the study of heat, energy and work.

(ii)  Enthalpy isnotastate function.

(iii) A balanced chemical cquation which shows the enthalpy changeol
a reaction is called thermochemical equation.

(iv) According to Hess's law, the enthalpy change is equal to the sumol
the enthalpy changes of the individual steps in a multi-step reacuon.

(v)  Theenergy can be created or destroyed during a physical change
chemical change.

(vi) Inchemistry, we mosi commonly deal with pressure
(vii) The Bom-Haber cycleis different from Hess's law.

(viii) Theheat of neutralization fora strong acid and a strong base S e
to-57.4kJ/mol.
(ix) Theunitofspecific heat capacity is /mo!°C.
(x) Bomb calorimeter is used to determine the heat transfef ! cons®
volume.
Deline the following terms: thermochemistry, joule. and ¢8 lore.
Define .lh.‘.':i[_ Explain with example, how asiai oy is transkerte frof
piece of matter toanother” .
Detine energy. What is the difference hetween kinetic energy 3™ ¥
enicrgy? Ciive the importance ol energy.
What 1s the difference belween '-‘-"‘"!F:!'FEITLLI'{: and heat?

{408B)
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]_"!I,f'r' What is tho AITITR T v veption™ Wt Hre ﬁHﬂthﬂ'ﬂniﬂ and mdﬁmﬂmc
pemetions " Cive an Shatnple af ench

Q.7 “." hut 15 system What do yon Know about types of system?
QN Cinvedefinitions lor the Gl]ow ing lerms:
(a) Thermodynamics {(b) Surrounding
(c) Boundary (d) Universe
(e} State ofsystem
Q.. Wh"‘F Is meant by $1ate function! Explain enthalpy is a state function but
fieat is nota state function,
(Q.10: Detine and cxplain intemal crnierey of the system.
Q.11 Whatis first law of thermoadvnamices” Prove that:
(a) Alf=gq, (b) AE=gq,
Q.12: What is meant by enthalpy”? What is the difference between AH and AF?
The value of AH=AE in case of'solids and liquids, why?
Q.13; Give the sign of AH for exothermicand endothermic reactions.
Q.14: Give precise definttions for the terms given below:
(a) Standard enthalpy change
(b) Standard enthalpy of atomization
(¢) Standard enthalpy of combustion
(d) Standard enthalpy of formation
(e) Standard enthalpy of neutralization
What is meant by the term heat capacity of a substance? Define and cxplain
specific heat capa{:it}" and molar heat G&pﬂL‘iI}'. (Jive units of each.

Q.16: Why we prefer to sit on a bench made of wood rather than a bench made of

Q.15;

iron in a hot summerday?

Q17: Define calorimetry. o .
() How do you measure the enthalpy of neutralization by simple

calorimeter? _
(®) How do you measure the enthalpy of combustion by bomb

calorimeter?
V.18 What is Hess's law of constant heal summation? Give its applications,
€190 What is lattice energy? How does the Born-Haber cvele helps to calculute
the lattice energy of NaCl?
(403)



Q.23:

ma thermochemeal equation”
: 'Why the heat of ncutralization of any Srong acid with any strong hag, o

LT A o——

—

. 1r
approximalely equalto -57.4 kJ mol 7

. The white precipitate of AgCl 15 formed when 20mL of 1), 50mol/gy’

solution of AgNO, isadded Lo 20mLof0.50 mol/dm’ solution of N aCl. The
rise in temperature is 8.0 °C. Calculate the heat of solution in kilojoules e
mole. The specific heat of the solution is assumed to be 4.184 Jg Capy |
densityis 1.00g/mL,

Calculate the lattice energy of lithium fluoride (LiF) with the help of the J

&

following information:

a)
b)
c)
d)
e)

The enthalpy of formation for LiF is -594kJ mol y
Heat of sublimation for lithium is 155kJ mal "
The ionization energy for lithium is 520kJ mol -
The enthalpy of atomization for F, is75k)mol .
The electronaffinity of fluorineis _328kImol .

{40}




Chapter # 12

-«

12.1 Oxidation-Reduction Concepts
2.2 Electrode LAy ;
lectrochemical Cells i 3
otandard Cell Potential and Standard Electrode Potential
125 Modern Batteries

126 Corrosion

i Outéomes -

The students will be able to:

¢ Givethe characteristics ofa Redox reaction. (Understanding)

¢ Determine the oxidation number of an atom of any clement in a pure substance.
{Applying)

® Define oxidation and reduction in terms of a change in oxidation number.
(Applying) _

* Use the oxidation-number change method to identify atoms being oxidized or
reduced in redox reactions. (Applying)

¢ Usethe oxidation-number change method to balance redox equations. Applying)

* Balanceredox reactions that take place in acid solutions, (Applying)

* Breakaredox reaction into oxidation and reduction half reactions. (Applying)

*  When given an unbalanced redox equation, use the half reaction method to balance
the equation, (Applying)

y De;:e caxh:fde,ppaﬁoge) electrode potential and S.H.E. (Standard Hydrogen

, Dlectrode). (Remembering) 3800 e .
Identify the substance oxidized and the substance reduced inadry cell. (Applying)

S Use the activity series of metals to predict the products of single replacement

Teactions. (Analysis : X

-Dtﬁneenlgpm:uy‘ﬁm),anddescﬁbehowitisdmmm@- (Understanding)

Describe the reaction that occurs when a lead storage batiery is recharged.

(Applying) :

Explain how ' ces electrical energy. (Applying)

Define the n:nmdﬁml ﬁgmmﬁn{om glectrode. (Remembering)

._,

- e

(411)
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s called reduction. Reduction is the reverse of oxidation.

' reaction is called oxidation.

__,‘m

Introduction
Electrochemistry is the branch of chemistry which deals with the conversion o 1
electrical energy into chemical energy in electrolytic cells and chemical CNEngY jni
clectrical energy in galvanic or voltaic cells. Electrochemistry has lots of ImMporyny
applications but we are going to discuss few of them.

A cell consists of two electrodes that are dipped into an electrolyte yseg g,
interconversion of chemical and electrical energy. Battery 1s a device that COngigy
of one or more cells and is used to produce electric current by converting chemiey *
energy to electrical energy. Some examples of batteries are dry cell, silver batterie ]
NiCad battery, lead storage battery, and fuel cells. These batteries are used to power
radios, digital watches, calculators, cell phones, laptops, CD players, flashlighs

toys and hybrid cars.
Furthermore many essential industrial chemicals and materials such &

caustic soda (NaOH), chlorine, aluminum, hydrogen, oxygen, and hydroge

peroxide are manufactured by electrolytic processes.
Electrochemical processes are not always advantageous; that is, there are sone

electrochemical processes that damage the materials such as corrosion of iron T
main target of electrochemistry is to prevent the corrosion to reduce the los®

materials.

12.1 Oxidation-reduction Concepts 1
12.1.1 Oxidation and Reduction

Oxidation and reduction can be defined in three different ways:

i) The addition of oxygen to a substance during a chemical reaction s a“"
oxidation while the removal of oxygen from a substance during a chemica! .

PhO + C ————> Pb + CO : g
In this reaction, lead oxide is reduced to lead by losing oxygen while cartot |
oxidized to carbon monoxide by gaining oxygen. ‘ C;Ild
ii) The addition of hydrogen to a substance during a chemical reactio® js A
reduction while the removal of hydrogen from a substance during 3 |

H,S + Cl, ——— S + 2H()

In this example, hydrogen sulphide gas is oxidized to sulphur

hydrogen while ¢hlorine is reduced to HC) by gaining hydrogen.
(412)
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i) Loss of one or more electrons by a substance is called oxidation while them

afone or more electrons from a substance is called reduction.
2Na + Chy — » 2NaCl

In this reaction, sodium is oxidized to sodium ion by losing electrons and

chlorine is reduced to chloride jon by gaining electrons. The element that loses

the electrons during the reaction is said to be oxidized. Its oxidation number

increases. The element that gains electrons during the reaction is said to be
[ reduced. Its oxidation number decreases,

;. 12.1.2 Oxidation Numbers

r The apparent charge, positive or negative, which an atom would have in a
eompound, is called oxidation number. It is also known as the oxidation state. It
enables us to identify the elements that are oxidized or reduced. The elements that
~show an increase in the oxidation state are oxidized while the elements that show
decrease in the oxidation state are reduced.

Rules for Assigning Oxidation Numbers
i) The oxidation number of an atom of a free element is zero. Hence, each atom
in H3, N4, 0%, Br), N, Mg’, Fé and Zd' haszero oxidation numbers.
i) In compounds, the oxidation number of hydrogen is +1 except in metal
hydrides where it is - 1. Hence, the oxidation number of hydrogen is 1 in LiH, NaH,
' a0d CaH,
i) The oxidation number of oxygen is -2 in all its compounds (e.g. CO, and Ca0)

Exeept in peroxides and superoxides. In peroxides, it is —1 (e.g. H;0, and Na,0,)
d in supéroxides, it is —1/2 (c.g.K ](0,) The oxidation number of oxygen in oxygen

diffuoride, OF, is +2.

") The oxidation numbers of alkali metals, alkaline earth metals (Group I1A) and
M 1A elements are +1, +2 and +3 respectively.

") The oxidation number of halogens (Group VIIA elements) is - in their binary
. d’;’:zuds (Na Cl, KBr, and AlClg) mmggens except fluorine show positive

‘ --, The oxidation number of a monoatomic ion is equal to the charge on it. Hence,
) 'Mg AL and 0* have +1,+2, +3 and -2 oxidation states respectively.

i) In polyatomic jons such as CO3% SO’ and PO, the sum of oxidation
(413)
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of atoms of different elements 18 equal to the net charge o the § |
i . on F

\e carbonate 1on ( (‘0’;"), the oxidation number of Carbon g4, g
ofoxygen is -2, Hence, the sum of oxidation numbers 1s I('+4 H3(-2)=_y the
yviii) The sum of oxidation nfxmbers ({f all the clcm'cn-ts 1N 4 neutral COMpoyyg .
equal to zero. For example, in potassium permanganate ( KMnO“). the ox; i
qumber of potassium is +1, manganese 15 +7 and that of oxygen is -2, oo g
sum of the oxidation numbers is 1(+1)+ 1(+7) + 4(-2)=0.

ix) In any substance, the more electronegative atom P\as thf: NegALIve oxidaiy
number while the less electronegative atom has the positive oxidation number

A5x) The same element may show different oxidation .nu@bm in %
= smnounds. For example, the oxidation numbers of sulphur in disulphur dicklong

sul hur dioxide (SO,), sulphuric acid (H,S0O,), and hydrogen sulghie
o . ) a

pumber
example, in tl

+4,+6,and -2 respectively.

‘Example 12.1
Calculate the oxidation number of nitrogen in HNO,.

The oxidation number of hydrogen is +1 and that of oxygen1s -2, The oidalke

number of nitrogen in HNO; is calculated as:

1 (+1)+1(N) +3(-2) =0
P Nt

N = 5 =\ ____—_/
¢ s 7 A
Find out the oxidation number of chromium in K,Cr,07.
Solution: | | 9. The
The oxidation number of potassium is +1 and that of oxygen B
mlmb&ofchronnum inK,Cr,0, is calculated as:
2(+1) + 2(Cp) +7(=2) =0
T 2C|‘i - 14 =50
L SR R
- 2Cr, Fea i Bl
ot = +1272
Crly o=
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Find out the oxidation nuber o ' ' o +1
Sekotdan: nitrogen in NHy ',

as:
I(N) + 4(+1)
N + 4
N

N EREle =

+1
+1
+1 -4
-3

]

The oxidation number of hydrogen is +1 and that of nitrogen in NH'is calculated

 Example 12.4

What is the oxidation number of carbon in HCO
Solution:

-1
3 7

number of carbon in HCO;' is calculated as:

I(+1) +1(C) + 3(-2) = -1
Bt G = 8 =i
Cab=s 87 il
C =-1 %5
c = +4

The oxidation number of hydrogen is +1 and that of oxygen is -2. The oxidation

A

12.1.3 Recognizing Oxidation-Reduction Reactions

R

m"”‘?ﬁﬂns that involve oxidation and reduction are
”ﬂﬁd oxidation-reduction reactions. They are also
h’-““f‘.‘ as redox reactions. Oxidation-reduction
eactions can be considered as electron transfer
Ttactions, In the process, the electrons may either be
""’_“f‘md from one substance to another to form ionic
| bOnds Or shared to form covalent bonds, The process of
.. on and reduction occur simultancously during a

The number of electrons
shared, gained or lost by an
atom of an element is called
valency whereas the
apparent charge, positive or
negative which ap atom
would have in g ¢

= Mical reaction, Both of these processes oceur in
(413)

iLscalled oxidation state.
—

k-

Scanned with CamScanner



*

To identify the oxidation-reduction reactions, onc should know thy the

change in oxidation number occurs during the oxidation-reduction reaction,
Consider the reaction in which zinc metal reacts with a solution of aqueoyg

copper sulphate containing copper ions:
Zngy- +CuSO, o 5" TS0y T Cugg
This reaction can also be shown as:
Zng, + CU'.: T Solfuql —— an.n:ll i S()ﬁ*"l' i ('u["w

(s) (ag) a2
This is a redox reaction in which zin¢ metal is oxidized; that is, the ze |

oxidation number of zinc is converted to +2. The copper ion is reduced; that is, fhe

+2 oxidation number of copper ion is converted tozero. ]
A redox reaction is the sum of two half- reactions;

reaction and a reduction half-reaction.
Redox reaction = Oxidation half reaction * Reduction half reaction

An equation which shows either loss or gain of electrons is called half
reaction. A halfreaction which shows the reactant that loses electrons is called
oxidation half-reaction whereas a half-reaction which shows the reactant that gaims
electrons is called reduction half-reaction. In oxidation half-reaction, the electrons
appear on the product side of the equation whereas in reduction half-reaction, t¢
electrons appear on the reactant side of the equation. The above reaction canbe

separated into two halfreactions as:
Oxidationhalf-reaction: Znj, — Zng, + 2¢

that is, an oxidation half-

Reduction half-reaction: Cu(;, + 2¢ —— Cuf,
Applications of Redox Reactions in ail&lﬁe N7
Applications of redox reactions are numerous but we are going to discuss fonel l
I

e The burning of wood, paper, coal, and gasoline in the presence of air 5 &
combus;iqn,-v(hichismpidredox:metion. RICTT i
+ Many biological redox reactions provide energy that is d by

produce CO; and water with the evolution of energy slwm b P
CegHy 04 + 60, —— 6CO, "';6.'!'120 +cnergy

- (416)
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9 Rﬁdﬂx process is ilso nupmmlnlu
Wy of batteries that gre used 1o
i .\Mos, laptop computers, w (e

16 the operation ofbatf'el,’iw. i '-'.‘:
Power many useful dcvms m
S and portable music players, e

ol 3leaching agents are oxidizing agents that are used to dcoolourme or l!ghﬁﬁﬁ‘

our of materials such g« Paper, fabrics reacti
| abrics and h h
ntal chlorine is used (o bles gl ms

} ch wood pulp to make white paper. wdmm
\'A!anle (NaOCl) s used to remove stains from clothes, and hy
deisusedto convert redheads i

l

nto blontdes of sori.
Q.Qnsare not dlways beneficial. The decay of metals by oxidation such as
tiron in the moist air 1s called corrosion. Corrosion isa spontaneous redox
mmd dm&ge*i eSpecnallythcme materials which are made ofiron.

is redox process that is used to improve the hardness, stability and
ufmetais (objects) and to protect them from corrosion. )

25¢

12 1.4 Balancing Oxidation-Reduction Equations by Oxidation
» Number Method:

The following rules ére used for balancing of redox equations by oxidation number
- method.

i} Write down the skeleton equation for the reaction under consideration.

)  Write down the oxidation number of each atom above it

iii) Identify those atoms whose oxidation numbers are changed during redox
1 =t tion.
V) Record the oxidation numbers above the atoms whose oxidation numbers have
the nged.

Indicate the change in oxidation number by arrows joining the atoms on both

ides of the equation. Arrows show the number of electrons gained or lost by single

! mmﬂy
" Eguate (to make balance) the number of electrons gaimed or lost by
o ‘lpl)ﬂng with a suitable number.
U Balance rest of the equation by inspection method.

G i '\‘;. o ety
' » )
'V Sl T

< ~'a5v; !

UOngequaﬁms byoxldanon number method:
HHNO, — 5 Cu(NOy), +NO,+H,0

e

Y KCro0. +ch = KCl+CrCl +Cl,+H,0

- — -

MU)
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solution: (a) X .
y Writedown the skeleton eguation for the reaction.

i)

1)

v)

vi)

Solution: (b)

1)

Cut HNO; —— CuNO;), NO,; + HyO
Wiite down the oxidation numberof each atomabove it,

- 2. T2 A ! |
iz 5)3(-2) [(42) 2(=3)6(-2) (+4)21-2) 2+{=2)
“-4]“(:5) (4 [ e =12 4 +2 =2

¥
Cus H N O —> Cu(N O; )+ N O,+H, O
[dentify those atoms whose oxidation numbers have changed during
r«:actioni 7 %
In this equation, the oxidation number of copper has chnnggd Emmm,_-!_
42 and that of nitrogen has changed from +5 to +4. We should we

HNO, twice on the left hand side because the oxidation number of

nitrogen remains same (+3) inCu(NO5), and changes (+4) inNO.. |

) = 42 o
HNO,+ Cus HNO, —> Cu(NOy), + NO,+ H,0 .
Draw arrows between the same atoms whose oxidation numbers if
changed, and show the number of electrons lost, or gained by an 10

N ot e o8t [Oxidstion) =2x' 1 =2

{ !
0 ) +2
HNO3+Cu+H§lO3———> Cu(NO,), +§02+H20

L.

|

| No. of €5 guined (Reduction) =1 x 2 =3 .
One copper atom lost 2 electrons and two nitrogen atoms ==
electrons. :
Multiply HNO, and NO, by 2 to balance the number of elect®™ =

gained during the reaction.

HNQ;+Cu+2HNO; —— Cu(NO,),+2NO, + Hi0
This equation can also be written as: : g
Cu+3HNO, — Cu(NO,),+2N0O,+H,0

Now balance rest of the equation by inspection method.
CatabNDs ——>CuiNG), +oNo. & 2H,0

Write down the skeleton *
K,CryQ;+ HCl ——, e[gua""“ for the reaction.

CI+CrCli+ €l + H,0

(418)
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~ Write down ox idation numbers of each atom above it.
h’ n,]).‘l-ﬂ"("f' 1) A1)
N .'1 -

% 5 | “ vl = I )

K, Cn Oy +HCl —— KCl+ CrClL+K, + K. O

b 1dentify those atoms whose oxidation numbers have changed during the
action.

L = S 0

K. Cr20; + HCl —— KCl+CrCl, + Cla+ H.0

n this equation, 9xndalmn number of chromium has chan ged from +6 to+3

and that of chlorine hqs changed from -1 to zero. The oxidation numbers of

¢hlorine in KCI and CrCly remain same (-1). We should, therefore, write

HCl twice on the left hand side. One HCI for those chlorine atoms whose

oxidation numbers have changed and one HCI for those chlorine atoms
whose oxidation numbers have not changed.

+ ~1 13
HC1+ K, Cr, 05 + HCl —— KCI+CrCl +Cly 4 HO

) Draw arrows between the same atoms whose oxidation numbers have

changed and show the number of electrons lost or gained by an atom.
' No. of & lost (Oxidatlon) = | x2=2

: +6 =1 +3 ¥

HCI+K, Cr, 0, + HCl ——> KC1+CrCly +Cl, 4 H,0
| G ol 1
, No, of & gained (Reduction) =3 x 2 = 6

Here, two chlorine atoms have lost 2 electrons while two chromium atoms
3 havegamch electrons.
! Multiply HCI by 6, Cl, by 3 and CrCl; by 2 to balance the number of
 clectrons lost or gained.
- H04K.CR0, +6HCI —— KCl1+2CrCly+3CL, +H,0

., Nowwanceresmfmc equaﬁon“by inspection method.

=
)

_CHOFIAHCI — 2KCI+2CiCl, +3CL + TH,0

:':n_cmg of Oxidation Reduction Equations by the Half

__jmgfmefht'on‘Method:

lsetrn dof balancing the oxidation-reduction cquations is also known as
~ Method. The following rules are used for balancing of redey

(419)
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equations by the half reaction method:

i) Write down the skeleton equation which
actually involved in the reaction.

i) Split up the equation into two hal
reactions.

i)  Those atoms, molecul
all unnecessary species,

iv) Balance all atoms on either side of t
oxygen.

v) Balance oxygenatoms by
vi) Balance hydrogen atoms by adding H’ jons m 4¢

basic solution.

vii) Balance the charges by adding clectrons. :
viii) Balance the number of electrons lost or gained during reaction by multiplying

shows only those species thy
Rl

f reactions i.e. oxidation and reductig W

es or jons should be written which really exist. Remge

he equation other than hydrogen g
|

adding H,0 molecules.
idic solution or OH jons i’

each halfreaction with asuitable number.
ix) Add both halfreactions insuchaw

final equation.
x) Cancel outsubstanc

ay that the electrons must notappear i

es which are present on both sides of the equation.

Balance the following equation by halfreaction method:
KMnO, + HCl —— H,0+ MnCl+ Cl,

Solution:
(i) Writedown the skeleton equation.

KMnO, + HCl —— H,0+MnCl, + Cl, S
(i) Now write the species which are actually involved in the reaction &
remove all un-necessary species.

MnO; + CF —— Mn™ + Cl,

(iii) Split up the equation into two halfreactions - .
MnO; ——> Mn" (Reduction half reaction) |
o/l 5 (Oxidation half reaction)

(iv) Balance chlorineatoms by multiplying 2 on left hand side.
201 — Cl,

(v) Balancethe charge by adding 2 electrons on right hand side.
200 —— Cly +2¢ ]

W o
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Balance oxygen atoms by adding 4H,0 molecules on R.H.S.
MnQj —— Mn" + 4H,0
(vit) Balance hydrogen atoms by adding eight H jons on L.H.S.
MOy + 8H' —— Mn™ + 41,0
(viit) Balance the charge by adding 5 electrons on L.H.S.
MnO; +8H +5¢ —— Mn™+4 H,0 «ooooe-oeie (B)
x) Multiply equation (A) by 5 and equation (B) by 2 to balance the number
of electrons lost or gained,

{vi)

[zcr e e

—

[Mn(); £ BH' + S¢ ——— M + 4H,0] x2

(x) Addboth equations and cance out the common species on both sides. .
I0ClT ——— 5Cl, + 10¢

2MnO; + 16 H® +10e” ——— 2Mn™ + §H,0

10C1" +2MnO; +16H' ——» 5Cl, + 2Mn"” + 8H,0 J

z
c,

(fheiilistry of Some Important Reducing and Oxidizing

- ==ictany where as a substance that gains electrons during a chemical reaction is
i 9Xidizing agent or pxidant. The oxidizing agent oxidizes other substances
H cascs th¢ oxidation state of other substances) and is reduced itself. The
e agent reduces other substances (decreases the oxidation state of other
Reny | S)and is oxidized itself, The total number of electrons gained by oxidizing
R d:: ways equal to the total number of electrons lost by the reducing agent.
“hf‘ 4 - : e
e the following reaction in which sulphurous acid (H,SO;) reacts with nitric
Jto Produce sulphuric acid and nitrous oxide (N,O).

4, ,};‘:& "2NO —— H,80, + N,O |

eop o Teaction, sulphurous acid is oxidizing agent because it (sulphur) loses
h ewh"c nitric oxide is reducing agent because it gains (nitrogen) electrons.
¢ transferred from sulphur to nitrogen.

(421)
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oood reducing agents while non-meiais "

Among c¢lements, the metals are
good oxidizing agents. In the periodic table, the il‘k“"l"‘“dlh are strong redug,
1 = = . N > 1 . . NOY Y Bk~ s I <] . gl |
agents because they form positive 1005 readily and halogens are strong oxidizje, |

8 h ons for clectrons and form negatyve ot !
S |

agents because they have strong attract

readily. :
: | iC ate (K.Cr,05) and oo
Among compounds, the potassiuim dichron Cr,05) Potassiu |

permanganate (KMnO,) are the most important strong oxidizing agents Whierey l
hydrogen sulphide (H,S), sulphur dioxide (5Q;) ﬂ“fi_j’?f?om §u@atc ([-cs(_)*]{‘e |
some important rcducing agents, Some of the reactions of oxidizing and reducing ]
agentsare:

i) Magnesium reacts with cold dilute nitric acid (o form hydrogen gas.

2HNO, + Mg — Mg(NO,), *+ H-2 . oy ;.
Tn this reaction. nitric acid acts as oxidizing agent and magnesium afom &5 |

as reducing agent. .
iiy Hydrogen sulphide reacts with chlorine to form hydrogen chloride and sulphue

HS +Cl, — 2HCI + S . '
In2 this reaction, hydrogen sulphide acts as reducing agent and chloring &

oxidizing agent.
iii) Potassium dichromate reacts with sulphur dioxide in acidic medium 0 prodis
chromic sulphate, Cry(SO,)5.
VKQCr;,O-, + H,S0, + 380, —— K;S0, + Cry(SO), * H,0 e sulphd!
In this reaction potassium dichromate acts as an oxidizing agent while §
dioxide acts as arcducing agent.

iv) KMnO,reacts withconcentrated HC1 to produce chlorine gas.
2KMnO, + 16HCl —— 2KCl + 2MnCl, + 8H,0 + 5Ch,
[n this reaction, potassium permanganate acts as an oxidizing agent

12.2 Electrode mﬂ

The surfaces, in a cell, at which reactions (oxidation or reduction hal .'m
(ake place, are called electrodes. An electrode, in a cell. is a metal plate: W‘vc’
a piece of graphite through which the electric current enters into O me o
olectrolyte. The electrodes may or may not involve in the reactions. The® i
that do notinvolve in the reactions are called inert electrodes. Electrodes ™ ;
;- anode and cathode, The positive electrode is called ano_devbecaus" o
aracted to it while negative clectrode is called cathode becalss |
(422)

Y

———— ke

233

Scanned with CamScanner



attracted to 1t Oxidation takes place at anode and reduction takes place at cathode.
Electrons move from anode to cathode through an external circuit.

12.3 Electrochemical Cells
Acell consisting of two electrodes dipped into an electrolyte in which a chemical
eactfon either produces or utilizes an electric current s called electrochemical cell.
. Electroehemical cells are of two types:
r1) Eleetrolytic cell
1) Galvanic or Voltaic cell

i 123.1 Electrolytic Cells

The electrochemical cell which utilizes an electric current to produce chemical
y reaction is called electrolytic cell. [t may also be defined as: the cell in which non-

spontaneous redox reaction takes place by the passage of electricity is called
electrolytic cell. Examples are Down's cell. Nelson's cell.

Working of Electrolytic Cell
Consideran electrolytic cell which is used to determine the conductivity of solution,
An electrolytic cell consists of a
beaker with two electrodes which are
dipped in electrolyte and connected to a
direct current (DC) source. When an
 clectric current is passed through an
‘cleclmlytc, the positively charged ions
(cations) move towards cathode and
fegative chatged 10ns (anions) move
lowardg anode, The solution of the ions
Tesults in the passage of a current and the
;_bﬁlb 8|°Ws_(111e bulb will glow brightly
1 strong electrolyte and glow dimly in Figure 12.1: Electrolytic Cell
1Me|ectrolytes
. his movement of ionic charges through the solution due to the passage of
Hectric current is called Eléom)lylic Conduction (Conduction of electricity),

-';-2"3*_2 Electrolysis of Aqueous Solution of NaCl
G%OIysis of aqueous NaCl is carried out in an electrolytic cell, Thig
SIS ofabeaker with two electrodes which are connected to direct curreny

- (423)
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(DC) source. When solution of —L TR
: NI
concentrated NaCl is placed in the cell "

and the electrodes are connected to

DC. As a result of this H, gas is

produced at cathode and Cl, gas at
anode,

Explanation
When NaCl is dissolved in water, it
dissociates into ions as:
NaCl,  &=—— Na,,+ C,
When electric current is passed through the solution, the following reaction
take place at electrodes,

Reaction at Anode :
At anode chloride ions (negative 1ons) lose clectrons and are oxidized Ast
shows only half of the net reaction so it is called oxidation half reaction,

2 —— Cl, +2e
Reaction at.Cathode

At cathode sodium ions are not undergoing reduction. Actually water molestl
pick up electrons and are reduced to H, and OH 10ns. [t is reduction half reacio®

L 2HiOv+ 26 —— H; + 20H]
| ( The H' jons of water act as stronger oxidizing agents as compared oM
ions.) |

NetCell Reaction, y
The net cell reaction which involves the oxidation and reduction half reac®”
called redox reactions,

2NaCli+ H;Q) —— H,; + Cl, + NaOH

Figure 12.2;
Electrolysis of sodium chioride in water

The net cell reaction produces hydrogen oas. chlofine. 2o and s
solution of NaOH. Pure NaOH is then obtained by evaporation of the solutio® |

In the above reactions, it is clear that H.0) is more easily reduced i
The reduction potential of water is -0 828 v while that of Na is -2.714 V.

(424) J
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12.3.3 Difference Between Coulomb, Ampere,and Volt
The flow of electrons through an external eireuit is ealled the electrical
Stunit of electric current is ampere (A) that is defined as a charge of one coulomb
flowmng through o conductor in one second. dye -
[Ampere = | coulomb / second or 1A= 1C/sec
; The quantity of electric current i5 known as electric charge. The S1 unit of
jectric charge is coulomb (C) that is defined as the product of the current in

.

amperes(A)andtime inseconds(t).
Icoulomb = | ampere x 1second or 1C = 1A xsec

r For example, 75 coulomb current is passed in the wire when SA current
my  flowsthrougha wire for 15 seconds.
W/ Charge incoulomb = currentin amperes x fime m seconds
/ - SA % 15sec
- 75C

An electrical potential difference is called voltage, The SI unit of potential

difference (voltage) is the volt (V) that is cqual 10 one joule (J) of energy per
coulomb of charge (C). — |

, l volt = _Uﬂc; or
| I coulomb
Thus, a 1.5V cell produces 1.5 Joule of on ocvery | coulomb of charge
flowing through the cell.

- 12.3.4  Voltaic (or Galvanic) Cells

The electrochemical cell in which electric current is produced by spontancous
redox reaction is called galvanic cell or voltaic cells. They are commonly known as
batteries. The names “galvanic™ and “voltaic” honor the ltalian scientists Luigi
- Galvani (1737-1 798) and Alessandro Volta (1745-1827), who assembled the first

version of the cells. Examples of galvanic cells are Daniel cell. Dry cell, Ni-Cd cell,
Fuelcel],

Construction of Galvanic Cell

This ¢e] consists of two half cells (half reactions) and placed in
Wo beakers A and B containing solution of ZnSO, and CuSO, respectively. Zn
Clectrode i dipped in solution of beaker A and Cu electrode in solution of beaker B.
I “4ch beaker makes a half cell and two beakers together make a complete cell. These
ﬁ:;g half cells are separate from cach other and connected electrically by a salt
RTEE.

F (475)
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Working of Galvanic Cell
When these two electrodes are
connected externally by a wire,
clectrons flow from Zn-
electrode to Cu-electrode. A%

('nm'nf‘l

Hence Zn acts as an anode. The  Fere

- P R . .
Cu  1ons, from the solution,

pick up the electrons at Cu-

M CuSO, I LSO, .
electrode and get reduced 1o Cutt, 26— Ol 7110y — 203 425 \
copper atoms, Hence Cu acts as Figure 12.3: Galvanic Cell

a cathode. : S
Due to flow of electrons from Zn to Cu, the cell produce an electric curent

and it serves as a source of electricity. Fol lowing reactions take place In the cell:

g 0 2+ 4 ” o X
Reactionatanode: 20y — Zn,, *+ 2e (Oxidation)
T4 = SO v % G
Reactionatcathode:  Cug,, 26— (u‘ ) @Lduulon)—u
T S " T p = . 1
Net cell reaction: Zog + Lumq) = S s T Gl

The net cell reaction involves oxidation and reduction, hence called redox
reaction. Conventionally the cell is represented as:

Znd, [ZndIM | Cuge IM/Cugy,

anode salt bridge cathode

||’ lines indicate saltbridge.

/{NOJ,/\/QI .{0?

Sale o : sealed®
A U-shaped tube filled with electrolyte like KCl on gelatin and 3¢

both ends by porous glass woolis called salt bridge.

fect®
i) [t connects two half cells electrically and it prevents mixing of two°
solutions. |
i) It maintains the electrical neutrality in each halfcell. gt

jii) It prevents charge accumulation in either solution. In the salt bridge:

migrate and carry the charge.
(426)
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12.4 Standard Cell Potential and Standard Electrode Potential
12.4.1 Standard Cell Potential

The ability of cell to push electrons through the external circuit is expressed as
potential. Electrons moves through the external circuit from anode (high pressure
region) to cathode (low pressure region). The pressure of electrons at cathode is
kept low by the process of reduction and the pressure of electrons at anode 1S kept
high by the process of oxidation. The driving force that pushes the electrons from
the anode and pulls them toward the cathode through the external circuit is an
electrical potential, called electromotive force (emf). Itis also known as cell voltage
or cell potential (E).The cell potential may also be defined as the potential
difference between the two electrodes in a voltaic cell. If there is no potential
difference between the electrodes of the cell, then the current will not flow. The Sl
unit of potential difference (voltage) is the volt (V). The cell potential (or voltage)
depends upon the nature of clectrodes and the ions. It also depends on the
concentrations of the ions and the temperature at which the ¢ell is operated. The
standard cell potential is the cell potential when both reactants and products are in
their standard states. Standard cell potential is symbolized by E°. The superscript
degree sign (°) indicates standard state conditions(Standard conditions include | M
concentrations for solutions. 1atm pressure for gaSes and usually 25°C temperature
for the systemy The liquids ent in their pure forms. The cell

potential is méasured by voltmeter.

12.4.2 Standard Electrode Potential \’,__Keep in mind |
The difference of potential between an electrode and = '

\ s : ; . |The standard oxidation
its salt solution in which the electrode is placed is potential and standard

called electrode potential or single electrode potential . |reduction potential values are

also be defined [@Ways equal but opposite in
: signs. ]

The tendency of an electrode (substance) to lose or gain electrons when it is
i contact with its own ions is called electrode potential, The magnitude of standard

f’)ledc potential values depends upon:
i

or half-cell potential. It may
as:

: Nature of electrode and the ions and |
") Concentration of the solution in which the electrode is placed.

1) The temperature of the cell. e
The potential difference between an electrode and 1M solution of i ions at

- °C(298K)is called Standard electrode potential.

: (427)
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12.4.3 Standard Reduction Potential
The standard cell potential is the sum of standarc
reduction potential,

Baan = EoEy .

The potential of an electrode at which
potential. It is symbolized byE ;. When ¢lect
ofcopper ions, then reduction OCCUTs.

Cui,;, + 2¢ — Cugg 370

Reduction potential of copper 034V zan tha.t of A?L 15‘—322"\6,(1 2 ‘

The potential of an electrode at which oxidation olccurs s xidation
When electrode of zinc IS

| oxidation potential and stangy.,

reduction occurs is called reduction
rode of copper 1s placed in a solytiog

- -

: 0 laced in a solutionef |
potential. It is symbolized by Fos. P

zincion, then oxidation occurs.

2 i

? . SISl A\
Oxidation potential ofzinc is 0.76 V and thatof copperis-0.34 V.

Note that the standard oxidation potential and standard reduction potential velues

always equal butopposite in signs. =
The reduction potential at their standard states is called standard reductio?
potential and the oxidation potential at their standard states is called standard

oxidation potential.

12.4.4 Measurement of Electrode Potential .
There is no method to measure the potential for a single electrode; only
potentials can be measured. However it can be measured with reference 1© LS
standard electrode such as Standard Hydrogen Electrode (SHE). Standar Jelec
potential of hydrogen is taken as zeroatall temperatures.

Standard Hydrogen Electrode (SHE) J
[t consists of platinum foil which is coated with finely divided black platimlm )

encased with a glass sleeve. Itis dipped in IM HCI solution. Pure hydrogen &
atm pressure is bubbled into IM HCl solution, The hydrogen gas is abs° L)
the platinum foil. The platinum acts as a conductor and facilitates the estab/is™” |
of equilibrium between hydrogen gasand its iong in solution.

(428)
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” s 3”' 2 P Oxidation (SHT .‘v.‘lﬂar.lmink')] - /

- L D — —
2H ~+2e" 3 ——= H; [Redustion (5

The double arrows show only that
the reaction 18 reversible, but not that there
is true equilibrium.

The potential’ of this electrode s
arbitrarily taken as zero at all temperatures,
By convention this half-cell is written as
oxidation and all other half cell reactions as
reductions.

Working with SHE

The electrode whose electrode potential is
o be determined is connected with SHE
and a galvanic cell is established. The two
solutions are separated by a salt

bridge. As the potential of SHE is zero, therefore, the voltmeter

HE acts as cathiode) | Lend o yoltmeter

Stancloed
hvdrogen A F
Elecrode (g
(SHE)

Esesping
" bubbles of
hydrogen

| Plagoum toil

IM HCT selution

Figure 12.4; Standard Hydrogen
Electrode (SHE)

cading gives

electrode potential of the electrode under test. The SHE may act as the anode or

cathode depending upon the nature of ¢lectrode coupled with it.

To measure the
electrode potential of zinc, a
galvanic cell . 1s established
between zinc electrode dipped
in IM solution of its ions and
SHE at 259C. Zn acts as anode
and hydrogen cathode act as
inert electrode on which
hydrogen gas is bubbled at 1
Aimosphere, The electrode
Potential (E°) value of Zn is -
0.76 volts as shown by

Yoltmeter. The cell reactions
dare;

Zn,

Switch

Digisal Vefumeter

o i Gan
" = \nlllml“a "l ll"‘ — nihhn

© KCTin gelatin \7;', TG
e
it

N 050 IM HCY

— I 2 M, +2e —H,,

Figure 12.5: Galvanic Cell for measuring

the electrode potential of zinc,
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Atanode: R ’_/__ni"m R (Oxidation)
Atcathode: eHude —— Han (Reduction)

: . { { : S ] “ : T
Netcellreaction: Znl,, + 2 Hyyy —> Z0jag T Hagg  (Redox Reaction)

The elements which have negative value of E® have tendency g Jo

Swch
2 : - r‘t’.lﬁ“j‘:!.

Silnnal'l}' “’hcn <C: g tal Voltmetes e :n" o

Cuin IMCu® solutionis p : o N g |
' 3 K ch— ¥ - Gy
connected with SHE, the , | e | i~ sl
. =3, SaltBade = ! - =
- ': f " KA i gezann i = ‘ -
| % | v 1— — S

electrons (not to gain electrons). i

voltmeter reads 0.34
volts. Here meter shows  cuoppir

Elsetrode
the flow of electrons
from H; to Cu, so Cu acts
as a cathode. The cell
l‘eactions are:! Cuj,, +2¢ _':'C;;n '};4."»? AL
Figure 12.6: Galvanic Cell for measuring the elestrode
potential of copper.
At anode: HNs\ —»2 "Qm +2¢ (Oxidation)
At cathode: Cujpy + 28 — Cuy, (Reduction)

¥ P & ; 3o v ot $ » ) ek, o4
Net cell reaction: - i+ Ceg———2H + Cug, (Redox reaction)

' sy hild
The electrode potential values have been determined for all of the glemer
practically and are given inelectrochemical series.

12.4.5 Electrochemical Series 3 |
Alist (serics) of elements in which they are arranged in the increasing Of dect caS“ i«

order of standard electrode potential values is called electrochemical seres:
also called electromotive or activity series,

According to the recommendation of TUPAC., the electrode pote™ :

!

been given in the reduction mode. If half -reactions are written in oxidation! 4
(heir potentials ar¢ oxidation potentials. By changing mode, agnitude ©
atial does not change. only signs are reversed,

ote
: (430)
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fable 12.1; Sundard Reduction qucnllﬂls_ in Water at 25°G’ =

M Half Reaction |y Tt 7%
U, N E——2 -}1. | "1.(- nae
—— o ! - ..\ - - _—
Q)‘ 1.!",..“' lea= 'uux'j“' Vl“lt-.CF:- N‘u, ".-x.
, = Boes AT~
r“l&li‘ e ke"‘" (°6~| +2¢ "—“/D(Q ',.r .7"'
C‘m‘r‘c‘:’(""iuu 3 l(-l\ (dm] = 2¢ e==2 Oy
[ TR R —— MI(. b 150 hm, 20 —=Feq -
C'ﬁ’l .‘ — =¥ &Cl‘n' | ' 16 r"“' R 3L f —— =) Cf“> '@-1:‘?
1 [ O *"Hmr R —> ”ll.D . 1 0t a2 —2 n, ; _a'm
I | Brag+2ea——=2Br g 3 167! g [, (), Yo i—=2 Hm'u’_’()llm' gi ~0%3
- Sl —| 5 L 23 =
5 gl e ==t Hg,‘.,. £ £ lhoo|| £ 3 FMets 28 Ma,,, 2 | mris
e~ | py [OF] gde e
j‘g sl 2€ a=—== 2Hy,), 7 i |*0XS| 3 § AL F3es=—2 AL, % § =166
|8 — = v o—_— -.' .‘;.':x ~a = ———
té’;ﬂ AG':’;)’E’C-‘—-—_-‘A&A ;1:’ \+ 080l =B liu,.‘, b 20 —2 Bc‘ 1":; , L85
e | 3.5 S g= L=
€8 = % 1 £ £ 3 >
3| Py e ey | P 53 | M 2 e Mgy 237
‘£ . - = = ' 4 %
D}f" 2 2}*‘“. 8= ‘—_—-t":o:{ux ‘IT :.4' L6k | ' N‘r~)+c — N,"b; "1"7,*.\‘
; Lygw2e '.:22[(‘.‘, j l ' 0.§Bj l La,’"m +2e =——>Ca), w
l u:m *m-'ozq, e T ——— 1) (| r0.40) | I 5‘(.» 22 =—=5tN —13?.,}
Cu‘ +2e-.—:.=.t 00.-. | s ] &,";“ s ot e — 9“1-) l .239
Ch“‘ +& T—=/Curl » Q.18 | [‘K;&j'l +E et Ky l =293
s“m\*-c c:-!&lm) e "1 ENartis === u(l') = "-‘B"
T ' Fimet
‘ ~ .7 A Ay - .
P 428 =——3 Phy 011
L R |

Applications of Electrochemical Series

i} Caleulation of the Voltage of Cells
From the series we can calculate the cell voltage (cell potential). The sum of

theoxidation potential and reduction potential is called cell voltage.

Mathematically,

5 .
Eccll e Eax * E?EU

Letus find out cell voltage of Cu - Zn (Daniel) cell.

Zﬂ( 5)

2+ -

cMm"‘(R:educuon) Cujyy =+ 260 ——> Cuy,
Thevoltage of the cell ( E;.)is calculated as:

(431)
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cell “;;\ = 'H:::.I
Bt = 0.76 +0.34
oty 19 § 6304

i)  Prediction of the Feasibility of a Chemical Reaction:

From the electrochemical series. we can determine whether the reaction jg Possible |
or pot. WF sum up the voltages of two halfreactions. if voltage of the cell ig POSitiv ;
the TEACHON is possible and if negative, the reaction is not possible. Let us geq (he
reactions:

/ * rp. 24 -y ‘
Lug + Cu(qu —— Zngy Ly !
From the electrochemical series. we have

Zn(s) S an:ntu + 2¢ E:;x =+ 0,76V
2+ :

Cufag) + 2¢ » Cugy Eg = +0.34v

ey 2+ ’ 27 | -:\) —3 . ¥

an L7 Lu(aq) ¥ Ldnja T Cu, Biy=+1.10¥

The voltage is positive. hence the reaction is feasible (possible).
Consider another example: '
2" o " : +
Lhjagy *+ CUy —— Zngy + Cujy
From the electrochemical series, we have:

o = _ =

Ingg * 2 —— o ES. = 076V

) 2 s i ¥ %3 A

Lug > Cujyy © 2 ES, = —0.34V
24 T4 R

The sum of E” values of the two half-cell reactions is negative, hence t
reaction is not feasible (possible).
iiiy Comparison of Relative Tendency of Metals and Non-Metals toget
Oxidized or Reduced:
Greater the value of standa_rd reduction potential (Ei’ﬁ1 ) of a given spegic, 'gmamm'
‘ts tendency to accept electrons 10 undergo reduction and hence 10 act ¥ o
oxidizing agent. For example, the ions such as Cu™, Ag', Hg and non-metals hd
F.,.Cl,, and Br,actas oxidizing agents. On the other hand, the species having '0“.
value of standard reduction potential {E, «) show greater tendency to los¢ elec
They undergo oxidation and hence act as reducing agents, For example. '“ '!'4’":
lying below SHE suchias Zin, Mg, and Li readily lose electrons and act s #

i

5]
|

agcnls.
(432)
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fv) Reactionof Vietals with Dilute Acids
Greater the value of E_ of metal, legser is its tendency to lose electrons to form
metal cations and so weaker is its tendency to displace H,. For example, metals like
Cu, Ag and Au which have sufficiently high positive values of E°.,do not liberate
hydrogen from acids. While metals like Zn, Mg and Ca having lowEfw, liberate
hydrogen gas when they react with acids.

Au + HCl - > No Reaction :
Mg ¢ 2HC| ———y ‘.\'1:\‘(_‘[3 + H.

v) DEsplaccmgnt of One Metal by another from its Solution

From electrochemical series, we can determine whether a given metal will be

displaced by another metal or not. A metal will displace another metal from the
aqueous solution of its salt that lies below it in the series. For example, Zn will

displace Cu.
Zn]", ! (‘in — 711,':., ' (.l.l:t.}
12,5 Modern Batteries
The cells which are used to produce electric current by chemical change are called

batteries,
Batteries are of two types:
Primaryand secondary batteries

125.1 Primary Batteries
The galvanic cells which cannot be recharged are called primary cells. For example,
dry cell batteries,

Dry Cell Batteries

Dry cell batteries are used in torch
lights, portable radios, toys,

Glculators, electronic watches etc. G{E‘:K&ﬁ;’d

%called dry cells because they '

% not have a liquid electrolyte. Some

"Mportant types of dry cells are:

) [Leclanchedrycell Zine g

! . node

l:l)) A!kalme battcry * ) Motst Paste of carbon,
Nickel -Cadmium (NiCd) cell Mn0, and NH, €|

in glycerine

R
The ¢ u;mmmé Dry Cell Wins

Georoa. cell was invented by .
L LCClanché (1839 - 1882) in Figure 12.7: Dry Cell

'; (433)
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1866. This dry cell battery has a zinc container which acts as anode and a moist pag

of carbon powder, solid MnO, and solid NH,Cl in glycerin around 4 carb():
(graphite) rod which acts as cathode. When both electrodes (zinc container g4
carbon rod) are connected, electrons are released from zine and current is produceg
The reactions are: !

Atanode: Zp —— 5 Zn* + 2¢ (Oxidatiog)
Atcathode: 2NH] +2MnO, +2¢ — Mn, 05 +2NH; + H,O (Reduction)
This cell produces a potential of about 1.5 volts.
ii)  Alkaline Battery |
Batteries with alkaline electrolyte were first invented by Waldemar Jungneris |

1899, This is a type of dry cell. In this cell, zinc acls as anode and Mn0, actsas
cathode. KOH (or NaOH) is used as an electrolyte because of which it 1s known
alkaline battery. The battery is enclosed in a steel container. The zinc anode is
slightly porous giving it a larger effective area. This cell delivers more currentand
has longer life thana common zinc cell.

The following reactions take place in this cell:

AtAnode: Zng + 20H,, — Zn(OH) s, + 2€° (Oxidation)

Net Reaction: Zn , +2MnO,, + HyOy, —> Zn(OH), 4+ MnyOyy

The voltage of this cell i
12.5.2 Secondary Batteries

The galvanic cells which can be recharged are called secondan) cells
Examples are lead storage battery and NiCad battery. terminss
- = \

-
*

[ ead Storage Battery et
or Lead Accumulator :
The lead storage battery =]
was invented by a

French Physicist Gaston

Planté in 1859. It is an
example of secondary
cell and is used as a car
pattery. It is a
rechargeable battery. i oipa
The total voltage of

L"'“‘E_m Plaw
battery is either 6 or 12 ) (Electrolyit) ot

Swlpluaris Acid Solo

Figure 12.8: Lead Storage
(434)
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(Pb) and cathodes are made uD of lead ledee (PbO,). These electro d! m. ,
in30% H,SO, solution (density = 1 25gem ™). Ead-

pischarging
Atanode, lead atoms lose two electrons each to form Pb*' ions which combme with

SO, ions present in the solution to gwe solid PbSO,. PbSO, deposits on anode
Atanode: Pbyy —— Bbig, + 2¢

(Oxidation) _ Pbiy + SO3,., —— PbSO,,

Pb(sl s Soif":sq; T —— PhSO_”” +2¢

The electrons released in the reaction pass round an external ¢ircuit as an
clectric current, This electric current is used for starting the engine of vehicle and for

lighting up of car lights and so on.
Atcathode, the electrons from the anode are accepted by PbO, and H' ions to

produce lead ions and water as:
Atcathode: PbO,,,+ 4H,+ 26 —— Pbm, + 2H,0,

Py +SO04iaqy —— PbSOy,

+2¢ —— PbSO,,, +2H,0

| Reduction:;
PbO,, +4H ) + SO:W,
When both the electrodes are covered with PbSO,deposits, then the cell is

unable to produce any more current until it is recharged.

Recharging
During the process of recharging, the red positive (+) lead of the charger is

connected to positive terminal and black negative (-) lead of the charger is
connected to negative terminal of the battery. So, the reverse reaction takes place

and cell starts recharging. The reactions which occur at electrodes are:
< Sowm

Atanode; PbSO, ) —— Pb

PbZ + 2H,0 ———“’Pbozm +AHG, + 28

Ateathode; PbSQyy —— Pbuq» % Somq)
phet. " F 2l ——— Py,

T
Nﬂm(ion: PbSO4{s)+ 2H20(!) _— Pb! “‘*' Pb()llw + 4] I".,“” AN )1 1q)

(435)
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During discharging the density of acid (30% H;S0,) falls to 1155 ¢
After recharging, the H' and SO ions go back in solution and increase the density
of acid again up to 1.25gem ™, The voltage of each cell returns to around 2 Vol
Now this battery is used again.

Nickel Cadmium Cell (Rechargeable)

Nickel cadmium battery was invented by Waldemar Jungner in 1899 of Sweds,
Nickel cadmium (or NiCd) cell is an important type of dry cell. It has acquired wigs
spread use in recent years. In this cell cadmium acts as anode. It undergoss

oxidation in an alkaline (basic) electrolyte. The NiQ, acts as cathode which

undergoes reduction.
The reactions are:

Atanode;  Cdy +20H;, —> Cd(OH), + 2e (Oxidation)
Atcathode:  2NiOy+ 2H,0)+ 26 —— Ni(OH),  + 20H,, (Reduca)

NC.tfe__aCu'OHZ C(im-i~ ;\fi()l{.\' I 2"[70(,, —_— C(i((—)lI):,””f“Nil()H\:., |
It is a rechargeable battery and is used in mobile phones, electont
calculators, electrical shutters, portable computers efc. It is more expensive i

lead storage battery.
12.5.3 FuelCells .

It is voltaic cell in which gaseous fuel (chemical energy) is converted o€
energy (electricity).

iecmt‘a'l

Anode Cathode

H, in—

Porous carbon anode

taining Pt Of Pd
con i

bleds g
excess Hy oul ¢

5 ’

Figure 12.9: Fuel Cell
(436) |
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In this cell, gaseous fuels such as hydrogen and oxygen are allowed t0
undergo redox reactions. As aresult of this clectrical energy isproduced,
This cell consists of three compartments separated from each other by
porous electrodes. The electrodes are hollow tubes made of porous compressed
carbon filled by platinum or palladium catalysts at the anode and cobalt oxide,
platinum, or silver catalyst at the cathode,
L An electrolyte such as KOH or NaOH is placed in the central compartment.
Hydrogen is passed through anode and Oxygen through the cathode. These gases
-, diffuse slowly through the electrodes and react withelectrolyte at 150°C and athigh
pressure. Hydrogen is oxidized to water at anode and oxygen is reduced to
hydroxide 1ons at cathode,
The reactions are:
Atanode: Hy+40H,, —— 4H;0, + 4¢ (Oxidation)
Atcathode: Oy, + 2HO, + 46 — 40H ,, (Reduction)

Netreaction: 2H,  + Oy ~» 2H,0,, (Redox reaction)
Such cells run continuously as long as reactants are supplied.

‘ A number of cells are connected together to obtain+several kilowatts of
power.

. Advantages of Fuel Cells
) The fuel cells are very efficient. They convert 75% fuel (i.e. chemical energy)
nto electricity. The ordinary electricity generator using oil or natural gas has an
Cfﬁciency of 35-40%, whereas a diesel engine has an efficiency 0f25-30%. Rest of
fbc encrgy 1s lost as heat.
") The fuel cellsare free from (noise and thermal) pollution.
) The water formed as an end product can be used for drinking purpose for an
lronaut in space vehicles.
) Oxygen and hydrogcn can be continuously supplied to the cell and there is no

‘_ forreplacement of any electrical energy.
\\“‘ - ‘
| s

. 1 o) TR A : - et M
[ S et N G o1 i BN
-y . "

n & DA T AT

ciricity. Solar cncrgy is the energy obtained from the sups

+ (Sunl; L is used to generate electricity, to heat or cool homes, or cayge
5. The solar cells are connected together to form a panel, Sofar panels
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can be linked to a rechargeable battery that collects encrgy in the day 1o be )

time, even at night when there is no sun. Solar energy is a type of renewable ¢ A "
. will never run out. Solar energy is clean and pollution free. Solar panels are ex Sy

reliable, need little maintenance and have a long life. Solar energy can belrn;u:!, |

remote areas to generate electricity where it is 00 difficult to provide much M&;
' ¢lectricity by using traditional methods.

If we compare these characteristics to those of fossil fuels such as coal, oil,

and nuclear power, then we will able to decide which source 15 better for us. s:;
energy isa rapidly growing way to generate clectricity. ¥

e e e b
—

12.6 Corrosion |
The process of chemical decay of metals by an electrochemical process is usualy '
known as corrosion. Corrosion is a spontancous redox reaction that occurs wha
metal comes in contact with oxygen in the presence of moisture. The mell §
oxidized and converted to an unwanted compound; that 18, to an oxide. Thisi &
most common form of corrosion. The corrosion is generally asurface phenomes
Corrosion of Iron (Rusting)
The most familiar example of corrosion is the rusting of iron. Rusting of {rOn 16
both oxygen gas and moisture. It does not oceur in moisture free air (dry air) ¥
freec water (oxygen-free water). Iron which is a silver white metal is conv
red-brown mass (rust) when comes in contact with moist air. The rust is hyee®
iron (111) oxide (Fe,0y.x H,0O where x varies from 2 to 4, it is not fixed). T
corrodes (rusts) rapidly when comes in contact with less active metal such®"
and corrodes slowly when comes in contact with a more active metal such ™"
When iron comes in contact with moist air, a galvanic cel is P
where one part of iron acts as cathode and other part of iron acts as anode.

O, from air

O, from air

2H, Oy +Onig) +4€ 40R, v
Figure 12.10: Rusting of Iron
(438)
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The electrons flow from anode to cathode. The following reactions occur:
ey, ——» Felly 426 ~

Atanode:
o) Vs . —
Atcathode: 2H;00 + Oy +d4e” ———— 40H
' e I - o OF =
Netcellreaction:  2Fe, + O, + 2H,0. — 2F¢jay +40H

The iron (1) ions are further oxidized by oxygen and forms iron (III) ions
that react with hydroxide ions to form rust.
2 Fci:a;;! + 401 {v?nll s " (‘).‘u-l = Fe.'()" ZH 2()(?')
The overall reaction can also be written as: el

2Fe, + A0 ¥ HyOy —— Fe,04. x H,0,

R -
2(g)

Comosion of iron forms oxide layer on the surface which protects the iron from further
corrosion, The oxide layer on the surface of aluminum also protects it from corrosion. The
aluminum has low reduction potential value and is therefore, more reactive than iron and we
expect o be corrode readily. But in actual practice, it corrodes slowly. The exceptional stability
of aluminum is due to the farmation of compact layer of oxide (Al O,), which protects the metal
from further corrosion. On the other hand, the oxide layer of iron is permeable and allows
\ exygen and moisture (o penetrate further into the metal and promotes corrosion. *

Prevention of Corrosion
The methods that are used to prevent the metal from corrosion are listed below:

Alloying Lot Pl il
The corrosion of metal can be prevented or minimized by lowering its reactivity

through alloying. For example, stainless steel which is an alloy of iron, chromium,

silicon, and nickel js resistantto corrosion, Stainless steel is used for making knives,
spoons, forks, utensils, scissors, and surgical instrum\f:nts. |

Oilor Grease Coatin
Coating ed or minimized by covering the surface of

The corrosion of metal can be prevent )
metal with grease or oil. For example, the nuts, bolts, tools, parts of machinery, and

- Parts of engines are coated with grease or oil to protect them from rusting.

faj tCOIting

‘j-5°0nt>'si.on of metal can be preve :
Metal wigh paint. For example, the iron bridges, windows, doors, gates, and the

bodies frickshaws, cars, buses, and trucks are coated with paints to protect them
from Corrosion (rusting).

nted or minimized by covering the surface of

(433)
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Galvanizing

The process in which sheets of metals (iron) arc coated with thin layer of iy, o
prevent corrosion is called galvanizing. It is also known as zine coating or aNode
coating. This process can be done by dipping 2 clean sheet of iron into a by of
molten zine. If zinc coating is damaged by @ scratch or - dent, cor"rosion starts, The
standard reduction potential value of zinc is less than iron, S0 Zinc IS more easily
oxidized and the iron is therefore protected. This method 15 used 1o projeqy
underground storage tanks, pipes, oil rigs and ships from rusting. This methog i
also used to protect dust-bins, drums, and buckets from corrosion (rusting). The |
metals most frequently used for this purposc are aluminum_and magnesiun,
because these metals are much more reactive than iron and form a compact layer )
which minimizes their own corrosion. |

Electroplating

The process in which a thin layer of one metal is deposited on anqﬂler metal (object)
by means of electrolysis to prevent corrosion is called electroplating.
Electroplating is carried out by using the metal (object) to be plated as a cathodeend
the metal to be deposited as an anode. The electrolyte is an aqueous solution of @it
of the metal being deposited. The electrodes are connected with a battery. be-_ﬁ
electric current is passed through the solution, the metal to be deposited (anode) s
oxidized to its cations and enters into the solution. These cations are reduced !ﬂ‘
deposited onto the object to be plated (cathode). In this process, a thin layer of medl
is deposited onto the object which is then pulled out from the solution. Them
of electroplating is used to improve the hardness, stability and appearance of obﬁf“.
and to protect them from corrosion. Some examples of electroplating #* 0

e Il

——— AT

poisonous and i used for plating tiffin-boxes. Chromium is often PIte!
e s s mioe e ol e et bl 1
Some other common examples of silver-plating are cups, dishes, spoons, and obJ
steel. Silveris astable metal and does not react with oxygen and vapours Of Walet |
aimosphere. The silver-plated objects lose luster (chamak) and turn black when
ogen sulphide.(H.8) gas present n the air. Gold i very Stable metal and do
apours, and gases thatarc present in the atmosphere, Gold is used fordec

w

e old-plated objects do not lose luster and look new for several years.
(4D)
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L Electrochemistry 15 the branch of chemistry in which we study about the
interconversion of ¢hemical and electrical encrgy. :

» The reactions in which clectrons are transferred from one reactant to another

~ are called oxidation-reduction (orredox)reactions, '

7 Oxidation is the loss of electrons and reduction is the gain of electrons.
| Oxidation occurs at anode and reduction oceurs at cathode. The clectrons flow
' | fromanode to cathode.

£% Dxidation state (or oxidation number) is defined as the apparent charge,
y | positive or negative, which an atom would have in a compound. An atom may
| ‘havedifferent oxidation states in different compounds, :
» Oxidizing agent is a substance that oxidizes other substances and gets reduced
 itselfinachemical reaction. Examples of oxidizing agents are non-metals.

» Reducing agent is a substance that reduces other substances and gets oxidized

itselfina chemical reaction. Examples ofreducing agents are metals.
# The flow of clectrons is called electric current or electricity.
# Asubstance through which electric current can pass is called conductorwhilea
substance through which an electric current cannot pass is called non-
conductor or insulator. Metals are conductors while non-metals are insulators,
» Redox reaction is the sum of oxidation-half reaction and reduction-half
reaction. Oxidation-half reaction is a half reaction in which a substance loses
electrons whereas the reduction-half reaction is a half reaction in which a |
substance gains electrons. |

] , “
» Redmg potential is a combined term involving oxidation potential and

reduction potential. Oxidation potential is the potential of an electrode at
Which oxidation occurs while reduction potential is the potential of an
electrode at which reduction occurs. , an

* Electrode potential is the difference of potential between an electrode and its

~ saltsolution in which the electrode is placed. The potential difference between

. anclectrode and | M solution of its fons at 25°C'is called standard electrode }

romotive force is a force that moves the electrons from the anode to the |
hrough the external circuit (wire). Itis abbreviated by emf.

galvanic cell is called cell potential or cell voltage and is |
" The cell potential under standard conditions is called

SN IEEY . : ‘ i _ '
‘types: galvanic and electrolytic. Chemical l.
in galvanic cell while electrical energy

e
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is converted to chemical energy in electrolytic cell. : ‘ |

» Galvanic (or voltaic) cell is a cell in which electric current is produceq .
spontaneous redox reaction. Electrolytic cell is a c.cl! in Which gy

| spontaneous redox reaction occurs by the passage of electricity. -

» Abattery is a galvanic cell ora group of cells connected in a series. |
» Corrosion is the process of chemical decay of metals due to action

surrounding medium. The most comimon example of corrosion is the rusting o
. iron. |

» The corrosions of metals can be reduce

but the most important is electroplating.

» Electroplating is an ¢lectrolytic process in

~ deposited on another metal,

Q.l. Fouranswersare given foreach question. Select the correct one:
i)  Thecell in which electrical energy is converted into chemical encgf

d or prevented by number of me;hod,!

which a thin layer of one metalj;

is:
(a) Electrolyticcell (b) galvanic cell

(¢) NiCdcell (d) fuel cell '
ii) Whichone of the following reactions isNOT a redox reaction:

(a C+0, — CO,

(b) NaCl + AgNO; —— AgCl + NaNO,

(c) ZnSO, + Cu —— CuSO, + Zn

(d) 2Na + Cl; —— 2NaCl

iii) The oxidation state of manganese is +3 in:

(@) MnO (B)MnO;  (c) Mn,0; (d)Mn,0, e
iv) Inthe following reaction, the substance that WSW |
CH;, 06 + 60, — 6CO, + 6H,0

@ H0 (®)CO, () CH,0, (O, - . |
v) ~ Whichoneofthe f?"owmsiiﬂnstrmgestoxidizinsfw ,|
(a) Oxygen (b)chlorine (c)fluorine (d)nitrogen

vi) Which one of the following substances is oxidized it ™
givenbelow:

(442)
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Mg + 2HCI —— MpgCl, + H,

(@) Mg (b)HCI (c) MgCl, (d)H,

vii) Which statement is correct about the Daniel cell (Zn-Cu cell)?

(a) The Daniel cell is an example of an electrolytic cell.

(b) The spontaneous cell reaction involves the oxidation of Cu by

Zn?*

g:) The spontaneous cell reaction involves the reduction of Zn' 1o
n

(d) The spontaneous cell reaction involves the reduction of Cu’" to

Cu ‘

viii) The reaction that occurs at cathode is known as:

(a) Redox (b) oxidation

(¢c) reduction (d) decomposition

ix) Which ofthe following statement is NOT correct foraga

a) Oxidation occursat anode

b) reductionoccursat cathode

¢) both'a'and’d’

d) electrons flow from cathode to anode

x) Galvanizing is 8 process in which sheets of metals are coated with

to prevent corrosion:

Ivanic cell:

thinlayer of ..........ceee- p
(a) Tin (b)zinc (¢)copper  (d)silver
Fillin the blanks with suitable words given in the brackets:

pass is called

i) A substance through which electric current
conductor. (can/cannot) A |
de is called anode. (positive/negative)

i1) The electro :
iii) Spontaneous chemical reactions take place in cell.
(cletrolytic/galvanic) i
i) lonic compounds conduct electricity in state.
(solid/molten) e ‘
v) Oxidation occurs during chemical reaction by of

electrons. (gai
vi) The g(f:;ne;l:;s <)>f an electrode to gain electrons is called reduction

potential. (gain/lose) = |
vii) The cells that can be recharged are called cells.
(primary/secondary)
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Q3.

Q.4:
Q.5:
Q.6:
Q.7:
Q.8:

0.9:

Q.10:

Q.il:

Q.12: Balance the following equatio

viii) The oxidation number of chlorine inKCIO, is

\ A=Ay
ix) The method of electroplating is used ta protect g =
corrosion. (metal/non-metal) | ﬁ

Xx)  Aluminumis reactive than iron. (less/more)

Label the following statments as True or False:
1) Oxidation takes place at anode.
i1) The reduction potential of zinc is 0.34 V.
iil) Oxidizing agent oxidizes other substances.
1v) Fluorine s the strongest oxidizing agent.
v) Half-cell of an active metal acts as cathode.
vi) The element is reduced when its oxidation number is increased.
vii) Fuel cellisthe example of voltaic cell. | |
viii) The moist air is necessary for rusting of iron.
ix) The Slunitofvoltage is coulomb.
x)  Corrosion is a spontaneous redox reaction.
What is electrochemistry? Give its important applications.
Is electrochemical process always advantageous?
What are redox reactions? Give applications of redox reactions in dailf
hife. ' ' '
Define oxidation number and describe the rules for assigning the oxidsiot
numbers. | '
Calculate the oxidation number of'S' in the following species:
(i) H,;S (SO,  (i)SO, (iv) Na,$,0,
How can you recognize oxidation reduction reactions? Explain briefly.
Write down the rules, which are used for balancing of redox equatio™ ¢
oxidation number method and by the half reaction method.
Balance the following equations by oxidationn s
8) Cu + Hz.sod. AlTe= Cllso‘ + S0. + H20 ‘
b HI+HSO, — L+50 +Ho
B 2

¢) MnO;+HCI — M“Clz+Clz + HO

@) NaCI+HSO, + Mn0, —Na 30, + MO, + Cla*
W, + Wy T

ns by halfreaction (ion-ele meth
a) Br, + NaOH —, Nop, 4 Chopgg;;eolwn)
b) HNO,+Hl — s Ng 4+ aBrO, + H,0

£ o5 B ) DY 5
C) Cu + NO, —_— Cu*z + 2N 0
2
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Q.13
Q.14
Q.15

Q.16:
Q17
Q.18

Q.19
Q.20:

Q.21:
Q.22:
Q.23
0.24:
0.25;
2.26:

).27:

ot e e i snd eing s Givesome
;ﬁnc the terms ;no:i “ lZlngandredeclngagents, . =y
CI;“L ~ ¢ and cathode with reference to a specific voltaic

What are elcetroc'hem ical cells? What is the difference between galvanic

cell and electrolytic cel|?

Descrfbe the construction ang working of galvanic cell.

D.eS(_:nbe. the electrolysis of aqueous solution of NaCl.
Distinguishbetween electrical terms coulomb, ampere, and volt.
Define salt bridge. What is the function of salt bridge?

Explain briefly:

)  Standard cell potential,

b) Standard electrode potential.

¢) Standard reduction potential,

Describe the construction and working of standard hydrogen electrode.
What s electrochemical series? Give its important applications,
Whatare dry cells? What are the important types of dry cells? Explain.
Writea short note on lead storage battery.

What are fuel cells? What are the advantages of fuel cells?

Define and explain corrosion. What do you know about the corrosion
(rusting) of iron? What are the methods to prevent the metal from
corrosion?

Answer the following questions briefly:
a)  Why s it necessary to use a salt bridge in a galvanic cell?
b) Why is the cathode of a galvanic cell considered to be the positive
electrode?
¢} Why sodium ion (Na') acts as an oxidizing agent whereas sodium
atom (Na) acts as a reducing agent? |
d)  SHE acts as cathode when connected with zine electrode but acts as
anode when connected with copper electrode, why?
©)  Zine displaces hydrogen from acids but copper cannot, why?

Why iron doors and bodies of cars are painted routinely?
&) Why damp air is necessary for rusting of iron?
h)  Why the bracelets and rings made of gold look new even after severa]
years of use? b 23 |

(445)
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Answers to the Sel

Chapter No.1
(1) 157.9g (2) 0.1mol
(3) 1lig (4) 91mol

(5) 1.505x10"* molecules
(6) 6.69%10" molecules

(7) 50.43dm’ (8) 25.47dm’
(9) 182.5g (10) 7.5mol
(11) 130.37g (12) 70044dm

(13) % of N in NH, = 82.35%, % of Nin

HN03=22.220/0

(14) e (15) 90.79%

Chapter No.4

(1) (a) 0.355atm  (b) 360mbar
(c) 5.22Psi ;

(2) 17.5dm (3) 26.77cm

(4) 56000mL (5) 44.8%atm

(6) 3.99kg (7) 1.89gdm

(8) 101.59111;1 (9) 1.46

Chapter No.

(2) 5.24 » (3) 0.0024M.

(4) 9:33x10 M (5) 4.56x10

Chapter No.8 %

(1) Acidic, [H]>10 M

Answers to the Selecte

ChapterNo.l

(14) 558g i}

(15) (b) 14g of O, ls‘rcquxred |
(c) 49g of CaO isproduced

(16) (a) 1.375mol  (b) 1.375mol

(18) S6L
N (20) 3.97mol

1.204x10° particles

3

C,HOs=
~28.02dm

26) Vso,
: vV, = 11.207dm’

(28) W so% (i) 53.33%

ected Practice Exercises
(2) Basic,pH>7
(3) (a) 2.5%10"
(4) 7.37
Chapter No.9 .
(1)(a) Rate = K[NOJ{O,] Third Order
(b) K= 215mol ‘dm’S "'

Chapter No.10

(%) 1.99x10"
(5) 8.4x10™°

(1) 15% (2) 1.5% |
(3) 5% (4) 2M i
(6) 2m 1
(7) XC:,,N:;O]()Z, XH:O:OB38

(§) 0.004ppm = 4ppb = 4000ppt
(9) AT, = 1.65°C

b.p of aq. Solution = 101.65°C
freezing point depression of
antifreeze = "‘3-‘90(:
Chapter No.11 .

(1) AH, = 1087.8kJmol

(2) _688.2kJmol

Chapter No.12 7
(1) (1) +3 (i) +3
d Problems

(i) 26.67% (iv) 66.67%

(v) 53.33% i v
(29) B, is limiting reactant and
HBr16.02g
(30) 56.16¢ mﬁd‘

(31) Carbon islimiting reactan! ané
SiCis 13.2¢

(32) Massof N,O= 124.858

(33) (a) Theoretical yield© ol u
0

(b) Percentage yield of
(34) 83.34%
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C”p(ﬂ‘hﬂz

; 4”5340‘%]0 )

) = 5.26%10° Hz
E=349x10 i
=|7le0 m

JJ)AE=I635><IO "

bs) Y =4.57x10' Hz,

A = 656nm

icupterNo.B :

() Percentionic character of HF =41 36%
HF ismore ionic than HC|

51} 6,08D (52) 1.80x10"'C
Chapter No.4
() 1.47psiand 101,325mbar
M) 11092 atm (30) 15.2mmHg
31) 8.15dm’ (32) 2.83mL
) §79.16K (35) 682.56dm’
(%) 28dm’ (37) 61.64dm’
%) 56.73m’ (39) 221.47K
40) 1.81mol (41) 17gmol '
") 12881gmol™  (44) 760mmHg
45) 4psi
2asis CO,
(25) 4.99

(27) 687x10°M
(29) 6.91x10”

Chapter No.8
(17) (a) [H']=1.58M
[OH)=633x10"" "M
(b) [OH]=2.236x10°'M
[H']=447x10 M
(18) [H)=4.0x10""M
(20) pOH = 12.2, the solution is acidic
(21) pH=103
(22) [H]=3.16x10""
[OH ]=3.16%10"
(28) pH=3385 (29) K, =2.401x10"""
ChapterNo.9
(10) (a) Reaction order for CO = First
Order
Reaction order for C1, = First Order
Overall order forreaction = Second Order

Rate =K[CO] [CL]'

(b) K=1.6710 ‘mol 'dm’S”’

Chapter No.10

(40) 22.22% (41) 11%

(42) 5% (43) 0.02m

(45) 0.5M

(46) (a) 0.4m (b) 2.5m

(47) (a) 3M (b) 0.5M

(48) Xc g, =0. 17 (50) 78.667°C

(51) 74. Ségmol (52) -1.86C

Chapter No.11

(22) AH,=1339KJmol™

(23) ~1016KJmol "

Chapter No.12

(8) () S5=-2 (i) S=+4
(i) S =+6 (iv) S=+2
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A

Absolute temperature: 143, 144, 145
Absolute zero: 143, 144, 145
Acid: 279 - 305

Action of the catalyst: 322
Activation energy; 326-327
Activated complex: 325-326
Activator: 330

Active mass: 248

Actual yield: 25

Alkaline earth metals: 231
Allotropy: 222-223

Alloying: 439

Amorphous solids: 218-219
Ampere; 425

Amphoteric substance: 280-28]
Amplitude: 48

Anisotropy: 221

Anode: 422

Antifreeze: 343

Agueous solution: 339

Atomic number; 48-49

Aufbau (or building up) principle: 72
Average rate of reaction: 314
Avogadro's law: 146-148
Avogadro's number: 9
.;zmtuthal quantum number: 66
Balmer series; 59

eter: 138
Base: 279-305
Battery: 433-438
ar's alomic model; 49

Boyl;ng point: 196

Bo::lmg point elevation: 366

b calorimeter: 400

g::g length (or bond distance): 116

Bong - - &Y (or bond enthalpy): 113

order; 109

gg:‘im of electrons: 86
B ,Habef cycle: 403
RIS law: 14]

series: 59

K

Index

Brine: 343 :
Bronsted-Lowry acid-base concept: 281-
282

Bufler capacity: 300-301

Buffer sofution: 299-300

C

Calorimetry: 399

Catalysis: 327-332

Catalyst: 327-332

Catalyst for a catalyst: 330
Cathode; 422

Cathode rays: 35-38

Cell: 412

Characteristic of catalyst: 328
Charles law: 143

Chemical adsorption: 330
Chemical energetics: 388
Chemical equilibrium: 245-247
Cleayage plane: 22]
Colligative properties: 364
Collision theory: 324-325
Colloids; 341, 375-378
Common 1on effect: 270 .
Completely miscible liquids: 343
Concentrated solution: 339
Concentration of reactant; 323
Concentration of solution: 339
Conjugate acid: 282-284
Conjugate base: 282-284
Continuous phase: 341
Coordinate covalent bond: 298
Corrosion: 438-440

Covalent bond: 85

Covalent solids: 232
Coulomb: 425

Crystal lattice (or space lattice): 224
Crystalline solid: 218

Critical pressure: 168

Critical temperature: |68
Critical volume: 168

Crystal: 224

Cubic system: 225

D

Dalton's law of partial pressure: |59

(449)

Scanned with CamScanner



DeSPﬂcm(e orbitals: 69

Deviation from ideal gas behaviour: 155-157

Diamagnetic substances: 108

Diffusion of gases: 164-166

Dilute solution: 339

Dipole-dipole forces: 183-184

Dipole moment; 120-125

Discharge tube: 36

Discovery of electron: 36-41

Discovery of neutron: 43-44

Discovery of nucleus: 45-46

Discovery of proton: 41-42

Dissolution: 343

Ductility: 233

E

Effusion of gases: 164-166
Electrochemical cell: 423

Electrochemical series: 430-433
Electrochemistry: 411-440

Electrodes: 422-423

Electrode potential: 427

Electrolysis of aqueous NaCl solution: 423-
424

Electrolytic cell: 423

Electrolytic conduction: 423
Electronegativity: 113

Electroplating: 440

Elementary reaction: 315-316
Endothermic reactions: 387-388

Energetic of phase changes: 204-205
Enthalpy: 393
Enzyme: 2128, 331, 334
Enzyme catalysis: 331-332
Equilibrium constant, K : 249-250
Equilibrium position: 259
Evaporation: 191-193
E xothermic reactions: 387

“

First law of thermodynamics: 391
First order reaction: 317

Freezing point: 30957
Freezing point depression: 369
Fuel cells: 436-437

G

Galvanic (OF yoltaic) cell: 425-426

Galvanizing: 440

Graham's law of diffusion and effusiey,
164-166 y
Ground state and excited state: 5§

H

Haber's process: 264-263

Heat; 386-387

Heat capacity: 398-399

347-348

402-403

Heterogeneous equilibrium: 247-248

Heterogeneous catalysis: 330-331

Hexagonal system: 226

Homogeneous equilibrium: 247

Homogeneous catalysis: 330

Hund's rule: 73-74

Hybridization: 98-104

Hydration: 120

Hydrogen bonding: |84-188

Hydrophilic molecules: 342

Hydrophobic molecules: 342

Hypertonic solution: 374

l['lypo!.onic solution: 374

Ideal gas equation (or general gas -

equation); 149-151

Ideal solutions; 364

Inert electrodes: 422

Inhibitor: 328

Instantaneous rate of reaction: 34 ;

Inter and intramolecular forces: 1%

Internal energy, (E): 390

Ionic bond: 85

ll(:nic character (or polarity of m°
8

Tonic product of water: 283

Irreversible reactions: 244

Isomorphism: 222

Isotonic solution: 374

Isotopes: 44

J

Joule-Thomson effect: 169

(430)
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K

-, and pK,: 29

r &and pr: 2U5.296

~ Kinetic energy: 386

| ginetic molecular theory of gases: 136-117
L :

E Lattice energy: 2;‘)-33(1

. 1aw of conservation of energy: 391

VLW of conservation of mass: 15

Law of definite proportions: 15
Law of mass action: 248-249
Chatelier's Principle: 259-265
Levelling effect: 294-295
' Lewss acid-base concept: 298
Limiting reagent: 21-22
Lind's method: 169-170
Liguefaction of gases: 167-169
Liquid erystal: 207-209
 London dispersion forces: 188-19]
Lone pair of electrons: 86
Lyman series: 59
M
Magnetic quantum number: 66-67
Mass number; 44
Mechanism of reaction; 315-316
etallic bond: 232-233
Mietallic solids: 232-233
Molality: 355
Solar heat of fusion: 205
““olar heat of sublimation: 206
oiar heat of vaporization: 205-206
solanty: 353

o v orbital theory (MOT): 104-113
o ular solids; 236337

Mo Taction: 356357

O UC System: 226

o Of the reactant: 373
el solugon: 364

Order of reaction: 317
Orthorhombic system: 225
Osmotic pressure: 372-374
Overall reaction: 315-316
Overlapping: 94-96
Oxidation: 412-413
Oxidation number: 413-414
Oxidizing agent; 421-422

P

Paschen series: 59
Paramagnetic substances: 108
Partial pressure: 160

Partially miscible liquids: 343
Parts per billion (ppb): 358
Parts per million (ppm): 358
Parts per trillion (ppt): 359
Pauli Exclusion Principle: 73
Percentage composition: 2()-21
Pfund series: 59-60

pH scale: 286-288

Physical adsorption; 330
Pi-bond: 96

Planck’s quantum theory: 47
Plasma: 170-172

pOH scale: 286-288

Poison; 329-330

Poisoning of catalyst: 329
Polymorphism: 222

Positive rays: 42

Potential energy: 386
Practically miscible liquids: 344
Pressure: 137-139

Primary batteries: 433-434
Principal quantum number: 65
Promoter: 330 -

guantum: RIS
Quantum numbers: 64-67

R

Raoult's law: 359-363

Rate determining step or rate limiting
step: 316 ;

Rate law or rate expression: 314-315
Reaction intermediate: 316-317

Relative strength of acids and bases: 283-

:' hl: 61_ 69

(451)

284

Scanned with CamScanner

Al



Rate of reaction: 313-314

Reaction quotient: 257-258

Redox reaction: 413-416

Reducing agent: 421-422

Reduction: 412-413

Resonance: 92-93

Reverse osmosis; 375

Reversible reactions: 344

Rutherford’s atomic model: 46

S

Salt bridge: 426

Salt hydrolysis: 301-303

Saturated solution: 350

Secondary batteries: 434-436

Second order reaction: 317

Shell (or orbit); 49, 6%

Sigma bond: 94-95

Soda water: 339

Solubility: 344-349

Solubility product, K_: 266-268

Solute: 339

Solvation: 345

Solvent: 339

Spectrum: 77

Spin quantum number: 67

Standard cell potential; 427

Standard electrode potential: 427
Standard enthalphy change: 395
f;)ndard Hydrogen Eletrode (SHE): 428-
?g;ndard enthalpy (or heat) of atomization:
?;ﬂdﬂfd enthalpy (or heat) of combustion:
?gg‘dﬂd enthalpy (or heat) of formation:

Standard enthalpy (or heat) of Tt
39108 ) of neutralization:

Standard enthalpy (or heat) of reaction:
Standard reduction potentizal: g s
su;ndard temperature and pressure (STP);
17 '
Stark effect: 61
State function: 39/

Strong electrolyte: 270
Subshell: 66, 68
Super saturated solution: 350

323y

Surface area of the reactany:
Surface tension: 202-204
Surrounding: 359
Suspension: 341, 378
Symmetry: 220

System: 388

i %

Temperature of the reactant; 324
Tetragonal system: 225
Theoretical yield: 25
Thermochemical equation; 38§
Thermochemistry: 386
Thermodynamics: 388
Third order reaction: 318
Transition state: 325-326
Transition temperature: 223
Triclinic system: 226
Trigonal system: 225

U

Unit cell: 224-225
Universe: 389
Unsaturated solution: 350
Vv

Valence bond theory (VBT) |
Van der Waal's equation: 157
Vapour pressure: 193-196
Viscosity: 199-202

Volt: 425

Voltaic cell: 425-426
VSEPR theory: 86-92

W

Wavelength: 48

Wave number: 48 i
Weak electrolytes: 27

X

X-rays: 61-64

Y

|yield: 25

Z

Zeeman Effect: 60 318

Zeroth order reaction
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o Tahle of important Conversmn Factors o
\(Slllnﬁ-mm) - S Erakst

dlometer (km) = 1000 m

3 =Q. 62137Imle {m;)
- = 10936 yards.

- =3937inch {in.)

v ‘WOcenhmm{cm} :
= 1000 millimeters (mm)
..-‘J,- -2-54¢emmters(m) =
‘- : =l.609km=5280*feet(ﬁ)

"l.
,r,

lwuiia(ml) =4
memmougm =9
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and Molecular Masses of some Common Substances
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