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Chapter 1: STOICHIOMETRY

Multiple Choice Questions

1. Choose the correct answer:

(i) If the volume occupied by oxygen gas (O;) at STP is 44.8dm3, the number of
molecules of O, in the vessels are:

(a) 3.01 x 107 (b) 6.02 x 10% (c) 12.04 x 10% (d)
24.08 x 10%

(i) The number of carbon atoms in 1 mole of sugar (C12H22011

(a) 6 x 10%® J GIZN 10

(iii) In the reaction 2Na+ 2H-6—> 2Na(
water, the volu gen gas (H,) libera g
(@) 11.2 dm3 Tnjn4 dm?® 6
(iv) Whic llow r'p'a
WORE

that of 20
(a)16g S (b) 20g C

approximately:

(c) 60 x 10%

H.‘— -

(V) Whi i incorrect?

(@) The mass of 1 m 2 gas is 35.59
ntains 6.02 x 10% molecules

(b) One mole of H; g
(c) Number of atoms'in 23g Na and 24g Mg are equal

(d) One moles of O, at S.T.P occupy 22.4 dm?3 volume

(vi) For Avogadro's number, this statement is incorrect:

(a) It is the no. of particles in one moles of any substances
(b) Its numerical value is 6.02 x 10%

(c) Its value change if temperature increases

(d) Its value change if number of moles increases
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(vii) The minimum number of moles are present in:
(a) 1 dm?® of methane gas at STP

(b) 5 dm?® of helium gas at STP

(c) 10 dm? of hydrogen gas at STP

(d) 22.4 dm? of chlorine gas at STP

(viii) Number of atoms in 60g carbon are:

(a) 3.01 x241023 (b) 3.01 x 10** (c) 6.02 x 10% (d)
6.02 x 10

(ix) Maximum MI&eculeS present in the following 8 ré
(a) 100g O, 100y CH, (c) 100¢ ‘

(x) Generally afnﬂ:

(a) Greater than'th | yield

- MORERY

(c) Equal i \\

yielis

(d) times greater and ess t
KEY:
p 4
i.C ii iii. a
Vi. C a viii. b ix. b X. b
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Example 1.1
Cal ﬂfi@e number of moles in 25.5g of sodium metal.
Da !‘:

of sodium metal =255 ¢
No. of moles of sodium metal=?

Solution:

Since the molar mass of sodium is 23g/mol, we use this molar mass as conversion
factor to determine the number of moles of sodium.

. Givenmassof Na _ 25.5g
Sl Molar mass of Na 23g/mol - I@“

Calculate the mass o moles of water (H
Data:

Given N

convert mass of es, walu

molar mass
water x molar mass o
| 8% 58.5¢

Moles of water =

Mass of water =
Mass of H;O =3.2
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Example 1.3

Calculate the number of molecules in 610g of Benzoic acid (C;H:02)
Data:

No. of molecules of Benzoic acid (C;HO,) =?

Given Mass of Benzoic acid (C7HgO2) = 610g

Solution:

Since molar mass of benzoic acid is 122 g/mol

122:g benzoic acid (C7Hs02) contains = 6.02 * 10%* molecules of benzoic acid

Given Molar mass gf

Solution:
6.02 x10*a d (Au) = 197 g of Gold
197
latom......cooveevvvnnnnnnnn.. =—— g of Gold
6.02x10% °
22
439 %102 o DA 14 365 of Gold
6.02x10
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Example 1.5
Calculate the number of moles in 2.35 x 102 atomisiof Aluminum (Al).
Data:
No. of moles of Aluminum (Al) atoms =

Given No. of atoms of Aluminum (Al) = 2 35102 atoms
Solution:

Since one mole of any substance contains = 6.02 x 10> particles.
Hence

6.02 x 10> atoms of Al = |_molerof Al
l

02x 3022102

New Chemistry Notes

G 17y OO e S

No. of moles O; =

Volume of O, (ST
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Example 1.7

Calculate mass of carbon dioxide (CO;) that can be obtained by complete thermal
decomposition of 50g Lime stone (CaCO3).
CaCOy - e » CaOg) +COyy

Data:
Mass of carbon dioxidé (CQz) =?
Given mass of Lime stone (CaCO;) = 50g

Solution:

No. of moles in 50g CaCO; = ﬂ =0.5 moles

| mole of CaCO = l mole of CO; é
0.5 moles ..... Jﬁl“ = (.5 moles of CQ
Now, mass of COz ............ = moles of CO@

Mass of CO; -(Fﬂ n =22

Data:
Given mass of potassi
Volume of oxygen
Solution:

No. of moles o
l22

2 moles of KCIOj; gives = 3 moles of O;

| v s e oo e = % moles of O3

1) P = -32- % 0.4 = 0.6 molesof Oz

Now the volume of O; at STP can be¢ determined by using Avogadro’s concept.

Volume of 1 mole of a gas at STP*= 22 4dm’
Volume of 0.6 mole of a oxygen gas (O2) at STP =22.4x 0.6 dm’
Volume of Oz at STP = 13.44.dm*
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Example 1.9

Calculate the volume of carbon dioxide at STP that can be produced by the complete

burning of 50 dm® of butane gas (C4H ) in the excess supply of oxygen gas (0;).
2CHipg+ 130y — 2,5 8CO: ) + 10H:0

Data:

Volume of carbon dioxide (CO») at STP =?

Given volume of Butane (CsH o) = 50 dm’®

Solution:

According to balanced chemical equation:

2 dm? of butane produces = 8 dm? of carbon dioxide E

| dm’ ........... J UIE?
50 dm? % 50 =200 dm® @

--------------------- 2

]
Example .1

Add 1.3 using*théwe
s ] (JREITT
The valu anv

Then add the coefficients of both
|

Example 1.1

Multiply 7.0 x 10!
Solution:
Coefficients 7.0 and 2.0 will be multiplied while exponents 10’2 and 10 will be algebraically
added.

and 2.0 x 107 by using the rule of exponential notation.

=(7.0) (2.0) % 10'>*
=14 x 10°
=1.4x 10®
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Example 1.12

Divide 6.60 x 10° with 3.20 x 10° by using the rule of exponential notation.

Solution:

Coefficient 6.60 and 3.20 will be divided while exponents 10% and 10° will be algebraically
subtracted.

_ 6.60x10°

3.20x10°
~ 6.60x10%7

3.20

=2.60x 10° é
Exampl '} 3 -
Simplify (3.25 ing rules of exponer
Solution:
Here digit term 1S 3. exponent term is

“MOREH!

=1.056 x 10°

Solution:

Digit term is 2.5. ItNs adjusted to 25 by placing the decimal to the right.

=25x10°

Now root of both digit term-and .exponent can be taken to get the answer.
=5.0 x.10?
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Example 1.15

Combustion of Ethene in air to form CO; and H;O is given in the following equation,
UaHyg + 303 ———» 200, + 2H20y,

If a mixture containing 2.8¢ C:Hy and 6.4g O: is allowed to ignite, identify the Limiting

reactant and determine the mass of CO; gas will be formed.

Data:

Mass of Ethene (C:Hs) = 2.8g

Mass of Oxygen gas (O;) = 6.4g

Mass.of carbon dioxide (CO;) =?

Limiting reactant =?

Solution:
To solve this p%luﬁt convert the given masses of both into their moles.

Mole of CaHy
Mole of O: =
To find out whetF' 0: consumed earlie
Mole com sun of C;H and CO, o
Accordi e’ i
1 mole o

-

0.1 mole ..

According to balance ¢
3 moles of O; gives =

les of CO,

0.2 .iiiiniinns =3 %x0,2=0.133 moles of CO,

Since the number of moles of CO; produced by O is less, therefore/O; is Limiting reactant.
Now: Amount of CO; produce will be calculated as

Amount of CO; = moles of CO; x molar mass of CO;

Amount of CO2=0.133 x 44 = 5.852g
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Example 1.16

When Aluminum is heated with Nitrogen gas at 700 °C, it gives Aluminum nitride.
2Aly + Ny — 2AINg
If 67.5 g of Aluminum and 140g oﬁ-Nﬁ:ogen gas are allowed to react, find out the:
(a) Limiting reactant?
(b) Mass of Aluminum nitride (AIN) produced?
(c) Mass of excess reactant?
(Atomic mass of Alis 27 a.m.u and N is 14 a.m.u)
Solution:
We first convert the given amount of reactants into moles.

Al= e 2.5 moles

Mole comparis AIN
Aecording to ba ical equation
2 moles of Al gives s of AIN

Srssssaranrantaa s -

Mole comparison of Nand AWK
1 mole of N; gives = espof Al
3017 - = 10 moles

Since number
Aluminum
Amount of AIN is calculated by multiplying its moles with molar mass
Mass of AIN = 2.5 x 4] = 102.5g

Now, mass of excess reactant is determined as

2 moles of Al combine with = 1 mole of N,

| =%mﬂle of N,

. S =% % 2.5=1.25 moles of N;

Excess moles of N2 = 5 — 1.25 = 3.75moles e
Excess amount of N; =3.75 % 28 = 105g AW,
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Example 1.17

The reaction of calcium carbonate (CaCO3) with hydrochloric acid is given as

CaCOy5 + 2HClyy —» CaClyy + COzg + HiOg
If during an experiment 50 g of CaCO: is reacted with excess of hydrochloric acid, 14.52
g of CO; gas is liberated, calculate the theoretical and percentage yield of CO; gas.
Solution:

We first determine the number of moles of CaCOj;

Moles of CaCO; = ]5—0 = (.5 moles

According to balanced chemical equation -
ole of CO,

1 mole of CaCO

85 s Jn[l:! moles of CO;

Theoretical yield o ow determined by

mass

Theoretical yiem Sx44=22g

Percentage yieldi€ar rmined by using theffe
ractical Yield

—JOREHT,

1. Define the follo

(i) Stoichio y (ii) Exponential Notation

Ans)

(i) Stoichiometry: Stoichiometry is a branch of chemistry that deals with the
guantitative relationships between the reactants and products in a chemical reaction.

(i) Exponential Notation: Exponential notation, also known as scientific notation or
standard form, is a way of representing numbers, particularly very large or very small
ones, in a more concise and manageable form.

(iii) Molar Volume: Molar volume is a term used in chemistry to describe the volume—=

occupied by one mole of any substance, typically a gas, at a specific temperature and
pressure.
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2. Express the following numbers in exponential notation:
(i) 3652 (i) 0.0231  (iii) 0.000072

Ans)

(i) 3.652 x 10°

(i) 2.31 x 10

(i) 7.2 x 10°

3. Express the following in simple numbers.

(i) 3.26 ;llcﬁ I “ (i) 1.921 x 102 (iéz x 10°

(i) 0.00326

(ii) 192.1 Fo n

(iii) 102000

4 Deﬁnemugnia! ! !e v

Ans) Rounding offdata To,

Ans)

2. If digit to be dropped is less than 5, then simply drop it without changing
preceding number.
For example: if 5.734 is rounded up to three significant figures, we get 5.73
3. If digit to be dropped is exactly 5, there are two conditions:
e If the digit to be retained is even, then just drop the 5.
For example: when 7.865 is rounded up to three figures we get 7.86
e If the digit to be retained is odd, then add 1 to it.
For example: 23.35 is rounded to 23.4
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Descriptive Questions

1. Define theoretical yield, actual yield and percent yield. Why the practical yield
is often less than theoretical yield?

Ans) Theoretical Yield: The maximum amount of product obtained by a balanced
chemical reaction by using its Limiting reactant is known as Theoretical Yield.

Practical or Actual yield: The actual amount of product which is formed in
experiment is called Practical or Actual yield.

percent yield.

Reasons Wﬂ:ﬂ: ﬁ)ractical yield le AN 4
practical yield actions is often les he t :
reasons such as.inc te reactions, side reag ﬂ 2S
purification, impFﬂEerimental errors, n \1.“.,"
decomposition, @n ransfer limitations. gRi€SE Ta
output of the desired product compared to w &L e0re

2o (VR E Rt

formula mass

particles.
Avogadro's numben(Na

substance is ¢ vogadro's number (Np) and its numerical value is 6.02x10

Percent yield: The ratio of practical yield to theoretical yield. 'Itratio is known as

giically

D &Y

Relationship between Moles and Avogadro's Number: Since one mole of
any substance contains Avogadro's number of entities, you can also calculate the
number of entities (atoms, molecules, or ions) in a given number of moles using the
formula:

Number of Entities = Moles x Na

For example, if you have 2 moles of oxygen (O,), you can calculate the number of
oxygen molecules in that sample as follows:

Number of O, = 2 x 6.02 x 10> = 1.204 x 10** molecules
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3. What is meant by Avogadro's number? Explain concept of mole with the help
of Avogadro's number.

Ans)

Avogadro's number (Na): The number of particles present in one mole of any
substance is called Avogadro's number (Na) and its numerical value is 6.02x10%.

Concept of mole with the help of Avogadro's number: Avogadro's number is a constant,
approximately equal to 6.02 x 10%. It represents the number of entities (such as atoms,
molecules, or ions) in one mole of a substance. In other words, one mole of any
substance contains Avogadro's number of individual entities.

4. What is a Li ant? How does it control the m@f product formed
ina chemlcalgaﬁ]e

Ans) Limiting reactant: The reactant whighfiS
chemical reacti nnﬁ imiting reactant o
The amount of ed is limited bydingit

continue without it.

For ex Mgﬁitle' !actl
(Oy) to produce water r--

+ O, — 2H,0

In this balanced chemi€al eq
mole of oxygen (O oduce 2 moles of wate

Now, let's imagi ave the following qua

e 4 moles of hydrogen gas (H>)
e 2 moles of oxygen gas (O,)

To determine the limiting reactant, we need to calculate how many moles of water (H,O)
can be produced using each of the reactants while adhering to the stoichiometry of the
balanced equation.

Using Hydrogen (H,):

Since 2 moles of H, produce 2 moles of H,O, with 4 moles of H,, you can produce:™~

(4 moles Hy) x (2 moles H,O / 2 moles H) = 4 moles of H,O
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Using Oxygen (Oy,):
Since 1 mole of O, produces 2 moles of H,O, with 2 moles of O, you can produce:
(2 moles Oy) x (2 moles H,O / 1 mole O,) = 4 moles of H,O

Now, we can see that both reactants can theoretically produce 4 moles of water (H20).

However, the key insight here is that you have 4 moles of hydrogen and only 2 moles of
oxygen. Even though both reactants can produce the same amount of product, you will

run out of oxygen after 2 moles of water are produced. Therefore, oxygen is the limiting
reactant in this scenario.

Thus, the amount of H,O formed is limited by O, since the react'§ cannot continue

without Oa.
JUI“ Numerical Questions"
1. Calculate th f moles and molg
(i) 389 oEau)Hsulphide (CSy)
Data:
o SABREN!

No. of moles of CS, =

No. o
(i) Mass of CqoH 1=468.4¢g
No. of 12H20011 = ?

No. of molecules of C12H2,011 = ?
Solution:
(i)

mass of CS,

Moles of CS, =

molecular mass of CS,

Moles of CS, = % = 0.5 moles

No. of molecules = moles of CS, x Na
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No. of molecules = 0.5 x 6.02 x 10?2 = 3.01 x 10> molecules

mass of C12H25044

(II) Moles of C12H22011 =

molecular mass of C1;H,,011

68.4
Molecular mass of CoH»,011 = 302 0.2 moles

No. of molecules = moles of C15,H5,011 of X Np
No. of molecules = 0.2 x 6.02 x 102 = 1.204 x 10*> molecules

2. Ammonia gas can be produced by heating together the solid NH,CI and
Ca(OH),.

HyChtoLa(OH), ———» 2NH;+Cg

If a mixture c g of each of theg
limiting reactant and the mass of NH3 gas

Data:

Mass of NH,CI =100 g

‘MOREH! N

reactant =?
Solution:
To solve this prob irst convert the givén
moles.
100
Moles of NH4CI = =5 1.87 moles
Moles of Ca(OH), = 20 = 1.35 moles

==
To find out whether NH4Cl or Ca(OH),; consumed earlier, we should go for the following
calculations.

Mole comparison of NH4Cl and NH3:

According to balanced chemical equation

2 mole of NH,CI gives = 2 moles of NH3
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1 mole of NH4CI gives = 1 moles of NH3

1.87 moles ............. = 1.87 moles of NH;
Mole comparison of Ca(OH), and NHs:

1 mole of Ca(OH); gives = 2 moles of NH3

1.35moles ............. = 2.7 moles of NH3

Since the number of moles of NH3 produced by NH4Cl is less, therefore NH4Cl is
Limiting reactant. Now: Amount of NH3 produced will be calculated as

Amount of NH3 = moles of NH3 x molar mass of NH3 é

Amount of Nuum 31.79¢ R
3. Aluminum ed in the manufac ¢ rubb
allowing Alumi act with Cl, gas atl6
Fh n 2Al + 3Chg)
When 16 ai(i(rth exces
What is t 21
mﬁ;ﬁ‘ﬁ HENE \\

Data:

of Al =

160

Mass of AICI3 50¢g

Percentag %ICIQ, =7
Solution:

We first determine the number of moles of Al

160

Moles of Al = = =5.93 moles

According to balanced chemical equation
2 mole of Al gives = 2 moles of AICl3

1 mole of Al gives = 1 moles of AICl;

5.93moles ............. =5.93 moles of AICl3
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Theoretical yield of AICI3 is now determined by multiplying its number of moles with
molar mass

Theoretical yield of AICI3 =5.93 x 133.5 =791.655 g

Percentage yield can be determined by using the formula.

Percentage yield = —acicalyield , 444

Theoretical Yield

Percentage yield of AlCl; = - X 100

Percentage yield of AlICl; =82.1 %

4.1.6gofas occupies a volume of 1.12 dms3 @ Determine the
molar mass oﬁﬁ ﬂv

T
CfOR,, |
MOREN N

Sinc olume of 1 mol

Solution

No. of moles offga

No. of mole =—=0.05 mole
22.4
f
No. of moles = Tass o gas
molecular mass of gas
1.6
0.05 =

molecular mass of gas

Molecular mass of gas = 32 g/mol

For getting all subject PDF notes and guess paper of classes 9 — 12, contact
WhatsApp number (03408057780) of ME English Center.
Prepared by: Sir Usama ur Rehman



ME English Center New Chemistry Notes

5. Silver sulphide (Ag2S) is an anti microbial agent. In an experiment 24.8 g Ag.S
is reacted with the excess of hydrochloric acid as given in the following reaction.

AgiSe + 2HClagy ——» 2AgCly + HiSi
Calculate the
(i) Mass of AgClI formed
(i) Volume of H,S produced at STP

(At. Mass of Ag is 108 g/mol and S is 32 g/mol)

Data: é
Mass oﬁﬂzjﬁ
0 ed="? ‘
(i) Volu roduced at STP =
Solution: HF ﬁ ﬁ

" IORENESS

1 mole of Ag,S gives

1 moleo

0.1 moles ..,..: 0.2 moles of AgClI

mass of AgCl
molecular mass of AgCl

mass of AgCl
0.2 = massolfgt
143.5

Mass of AgCl =28.7 g
(i) According to balanced chemical equation
1 mole of Ag,S gives = 1 moles of H,S

O0.1moles ............. = 0.1 moles of H,S

Volume of H,S

No. of moles of H,S =
22.4
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_ Volume of H,S
22.4

0.1

Volume of H,S = 2.24 dm?
6. Calculate each of the following quantities.
(i) Number of moles in 6.4g of SO..
Data:

Moles of SO, = ?

Mass of SO, =6.4 g

Solution: Cﬂ
l I I llass of SO,
Moles molecular mass of SO,

Moles o 0.1 moles

Solution:
mass of C,H
Moles of CoH%= 22
molecular mass of C,H,
mass H
45 = 22

26

Mass of Co,H, =117 g
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(iv) Volume in cm? of 38.4g O, gas at STP
Data:

Mass of O2 = 38.4¢g

Volume incm3 =?

Solution:

mass of O,

Moles of O, =

molecular mass of O,

Moles of O, = ﬁ

Moles of M
olume of Volume of 0,

No. of moles of
22.4

_ Vol
4

Volumeof02—268 dm? = §8

(V) NumkM UBE ll
EEE

Mass of HZO

Solution:

mass of H,O

Moles of H5

molecular mass of H,O
126
Moles of H,O = Py

Moles of H>O = 7 moles
Number of molecules of H>,O = Moles of H,O x Na

Number of molecules of H,O = 7 x 6.02 x 10%

Number of molecules of H,O = 42.14 x 10%° molecules
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(vi) Mass in gram of 4.8 x 10** atoms of sodium.
Data:

No. of atoms = 4.8 x 10** atoms

Mass of Na = ?
Solution:

No. of atoms = moles of Na x Na

4.8 x 10** = moles of Na x 6.02 x 10%°

Moles of Na = 7.973 moles

Moles ss of Na
1 r mass of Na

7973 = mass of Na

Mass of Ia nﬁm g
(vi) NumeﬂrHE‘ii' 3339‘
Data: EEm \

ass of CaCl, = 333

No. of formula units =
Solution: @

Moles o " molecular mass of CaCl,

mass of CaCl,

333
Moles of CaCl, = T 3 moles

No. formula units of CaCl, = Moles of CaCl, x Na
No. formula units of CaCl, = 3 x 6.02 x 10%°

No. formula units of CaCl, = 18.06 x 102 formula units
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Chapter 2: ATOMIC STRUCTURE

Multiple Choice Questions
1. Choose the correct answer
(i) Bohr's theory is not applicable to which of the following species.
(@H (b) H (c) He™ (d) Li*?

(i) Nitrogen has the electronic configuration 1s* 2s® 2p*, 2p*, 2p*, and not 1s2 2s? 2p?,
y

2p',.This is determined by.
(a) Aufbau pri b) Pauli's rule (c) Hund's r éd) n+ £ rule

ncipl
(i) Quantum JD\II“ for 3s orbital are
(@) n=0, £ =1 )p=1,£=0
(iv) The radius (ﬁanof hydrogen atom i§

(a) 529 A b) 52.9 A

(v) Line SMJ“S lJtloI f
HENE

(apColors (b) Electron

(vi) In 19
(a) He discovered préto
(b) He discovered r
(c) He determinedithe radius of hydrogen atom

(d) He gave the rules for electronic configuration

(vii) When 4d orbital is filled, the next electron enter into
(a) bs (b) 5p (c) 5d (d) 6s

(viii) Which of the following is not an iso electronic pair

(a) Na® and Ne (b) Na* and F (c) Na and Ca (d) Na" and Mg*?
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(ix) Balmer series appears in the hydrogen spectrum if electron jump from any
appropriate higher energy orbit to

(a) Second orbit (b) Third orbit (c) Fourth orbit (d) Fifth orbit

(x) The shape of orbital for which £ =0 is

(a) Spherical (b) Dumbbell (c) Double dumbbell (d) Complicated
KEY:
i.b ii. ¢ iii. d

vi.b
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Example 2.1

Find the radius of 4™ arbit of electron in Hyvdrogen atom.

Solution:
The radius of n = 4 for hvdrogen atom can be determined by vusing Bohr’s equation.
auni

r= Fi
But for hydrogen £ = | hence

- 0.529x(4)

1
r=846A

Calculation of Energy of electron in n'™ orbii:
In any orbit of an atom, the total energy of an elegtron is t
(P.E} and kinetic energy (K. E).
Epa = KE.E + P.E
P.E iz the work
mucheus and 1
P-E

g sum of potential energy

At a distance v from the

The value of mv? igtal i eqii) and insert
7ol

dne_r

= el '}

Sner
Taking the value of r from eguation (in} and put in egquation (vik
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Example 2.2

Calculate the energy of an electron in Leshell of hydrogen atom (the value of K is

2.178x107"* J/atom )
Solution:
L-shell correspond to second energy“level (n = 2), Bohr’s formula for energy of electron is
given as
Heat

rl2

g2 leTD‘?‘wi

1|

Calculate the wive ¥ rs of photon wheh, &
orbit to 2" orbi va]ue nf = 1. ﬂﬂﬁ?ﬁ# ';b
Solution '

my =2 EEE

k3 k3

E:(l.ﬂﬁ?ﬂxlﬂ?][é—ﬁ}

(1.&95‘mxm?)xﬂ.m

Vv

V=2051%10m
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Example 2.4

Write the electronic configuration of the following.
(a) S (Z=16) (b) Na® (Z=11) (c) CI' (Z=17)
Solution:
(@) S (Z=16) = 1s?, 257, 2p°, 352, 3p*
(b) Na* ion contains one electron less than Na atom, so its electronic configuration will be as:
Na* (Z=11) = 15, 2¢%, 2p®
(c) CI" ion contains one electron greater than Cl atom, so its electronic configuration will be as:
Cl (Z=17) = 1s?, 25%, 2p®, 352, 3pf

Short Questions é
1. Differentialdﬂelr“)ntinuous and Line [

Ans)

Charactw:ﬂ
Nature of Spectru
%

ource

rieSpecil

|~~~

Production

range of wavelengths.

Appearance No distinct lines or gaps in | Consists of individual lines
the spectrum; all or bands of specific
wavelengths are present. wavelengths.

Examples Incandescent light bulbs, Gases in discharge tubes
stars, heated filaments, and | (e.g., hydrogen discharge
continuous spectra from tube), absorption lines in
solids and liquids. the spectra of stars, and

emission spectra from
excited gases.
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2. Give three properties of each a, B and y rays.

Ans)

Property Alpha (a) Beta (B) Gamma (y)

Mass 4 amu 1/1836 amu Zero

Composition a particle is Beta particle is These are
composed of two composed of electromagnetic
proton and two electrons. radiations.

neutron like the
composition of
Helium nuclei.

Deflection They are deflected | They are deflected
by electric and by electric and

J 0 I“etic fields

They pass without
any deflection in
electric and

3. What is the mmitals for whic
The shap ieh™ = 1

oes an orbital dif

Ans) An orbit is a congept
that electrons move in fixed paths around the

An orbital, on the and, is a concept from
three-dimensio ce where there is a high probability of finding an electron with a
specific energy. Orbitals are not fixed paths but describe the electron's probable location
based on its wave-like behavior and are defined by quantum numbers.

5. Explain why the filling of electron in 4s orbital takes place prior to 3d?

Ans) The filling of the 4s orbital before the 3d orbital occurs because of the Aufbau
Principle, which dictates that electrons fill orbitals in order of increasing energy. The 4s
orbital has a lower energy level than the 3d orbitals due to its principal quantum number
(n), making it closer to the nucleus. Consequently, even though the 3d orbitals precede
the 4s orbital in the periodic table, the 4s orbital is filled first because it has lower
energy.
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6. Mention the defects of Bohr's atomic model.
Ans)
The defects of Bohr's theory or Bohr's atomic Model:

1. Bohr's model is only applicable to Hydrogen and those species which have single
revolving electron around the nucleus (He*, Li?*, Be®*). It could not explain the
spectra of multi electrons systems like He, Li, Be, B etc.

2. According to Bohr's concept, electron revolves around nucleus in circular orbits.
Later on, it was proved that electron did not move in single plane but in three

dimensional spaces.
3. According to Bohr's concept, the electron in an atom is @d at a definite

distance leus and revolves with a definite city which is against
the Hei r“tainty principle. ‘
4. Bohr's theo [aif only the particle 2 of glectror
wave na electron (de Broglie's hyp
7. Write down ree nic configuration o
(i) =26) ‘rifi'cz=aéx
) N
EEN

i 1s?2s?2p®3s?3p°®3d°
(i
(i)
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Descriptive Questions

1. (a) State the postulates of Bohr atomic theory.

(b) Drive an expression for the frequency of radiation emitted from an electron.
Given that

—me”'

853)11%12

Ans)

(a) Postulates of Bohr's theory: Postulates of Bohr's th@re given below.
i

1. Electrons und the nucleus in circular orbitsisi
fromn [ inite energy. ~

2. As long as electron remains in an approp

energy. orbit has a fixed e
increaseiiqﬂcreased distance ffo
3. During excitation, €lectron absorbs ]
lower Yede] propriate highs
MBS
EEE

Here 'v'is frequency of r
can mo [

d at fixed distance

Here'
(b) Calculation of Energy of electron in n" orbit:

In any orbit of an atom, the total energy of an electron is the sum of potential energy
(P.E) and kinetic energy (K.E).

Etota| = K.E. + P.E.

P.E is the work done in bringing the electron from infinity to a point at a distance r from
the nucleus and can be calculated as.

P.E = work done = -force x displacement
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—Ze?
PE= 5 XT
4TIEGT
-Ze?
P.E=
4TEGT

Here negative sign indicates that P.E decreases when electron is brought from infinity to
a point at a distance r.

Now total energy of electron is written as

Ze?

4TTELT

Etotal = (%mvz) + (-

)
_ /1 2 Ze?
E = GmV) - () é
Sinee l.l 0 I “ EET
1, Ze?

|

BU y @ y

2. What are X-rays? How are they produced? Give their properties and uses.
Ans) X-Rays:

Definition: An electromagnetic wave of high energy and very short wavelength, which
is able to pass through many materials opaque to light.

Production of X-rays: X-rays can be produced in a special type of discharge tube—7
in which cathode is a heated filament. Under high voltage (5000 volt) and very low
pressure (0.001mm) cathode rays are emitted from cathode and travel towards anode
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where they strike with high speed. The transition of electron occurs in the anode atoms
which cause the production of X-rays photon.

Tungston Anode

+

0N vt Beam of Electrons
X-Ray Beam

Production of X-rays in a discharge tu

Properties Mls“

1. These are short wave length and high
radiation
. The rangg o ngth lies betwe
. They travel with the speed of light.

2

3

4, P ti

- TRORE!
6. Th ays a

They affect the photogra

living cells.
Uses of X-ray @
These a d for the analysis of metallic substance or bullets in flesh.
Dentists use them to examine the defective or damaged teeth.
These are used for destroying the cancer cells.
At air ports, these are used for checking the baggage containing metallic knife,
blade or weapons, transport of illegal goods etc.

5. In crystallography, these are used for the determination of structures of crystals.
Thus, x-ray diffraction technique was developed.

PN PE
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3. State and illustrate the following rules of electronic configuration.
a) Pauli's exclusion rule b) Hund's rule of maximum multiplicity
Ans)

(a) Paul's Exclusion Principle:

Definition: In an orbital of an atom, no two electrons can have the same set of four
guantum numbers, at least one quantum number must be different.

[llustration: According to this principle, two electrons in an orbital may have same
values of three quantum numbers (n, £, m) but the value of fourtguantum number (s)

must be differen hat if one electron of same orbital ckwise spin then
second electron F nti- clockW|se spin. Consider tw
are Iylng in s- z

ons of helium which

Statement: | able degenerated orbitals (p, d and f), electrons are distributed in
such a way that maximum number of half filled orbitals (single electron in orbital) are
obtained.

Example: If we have three electrons to fill the 2px, 2py, 2pz orbitals, we will fill single
electron in each orbital 2> 2. 27 rather than double electrons 2ex". 2oy', 20z,

I i I

1s 2s 2p 1s 2s 2p

Correct Incorrect
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4. Explain hydrogen spectrum in term of Bohr's theory.

Ans) Hydrogen Spectrum: Hydrogen is a simplest atom. It has one electron
revolving around mono positively charged nucleus. According to Bohr's theory, at
ordinary temperature the electron in hydrogen atom resides in lowest energy level i.e. in
first orbit (ground state). When electric discharge is passed through hydrogen (Crook's
tube) molecular hydrogen breaks up into atomic state. These atoms absorb energy from
electric spark and come into excited state. Different electrons of different hydrogen
atoms absorb different amount of energy and migrate to an appropriate different high
energy levels (excited states). When electrons begin to revolve in higher energy level,
hydrogen atoms become unstable. Then, electrons fall back to the original first orbit

energies are eq ifference of energies between the
radiations Whﬂa rough prism, a line emission spec
When hydrog viewed through high OlLitiC
ultraviolet, visibl red regions. These

spectral series after their discoverg

d
Lyman ilesq Thes ral lines ar
2,3,4,5,6U7 «R:E:rl]me e
ultraviole fogen s

Ba Series: This seri
electrons occ =3,

series are in the visit@m
Paschen SerieSAIn this series, transition ¢

7.....o to n= he wave number values of these spectral lines lie in near
infrared region (wave length above 7000 A).

Bracket Series: If the migration of electrons occur fromn, =5,6,7,8 ... = ton; =4
level Bracket series is obtained. The wave number values of these spectral lines lie in
mid infrared region.

For getting all subject PDF notes and guess paper of classes 9 — 12, contact
WhatsApp number (03408057780) of ME English Center.
Prepared by: Sir Usama ur Rehman



ME English Center New Chemistry Notes

P-fund Series: These spectral lines are produced when electrons fall back from n, =
6, 7... to n1=5 level. The wave number values of these spectral lines lie in far infrared
region.

5. Describe four qu umbers needed

Write all possibl I of £, m and s for
Ans) Quantu mbers:
There are four quantum numbers.

Principal quantum number
Azimuthal quantum number
Magnetic quantum number
Spin quantum number

PR

Principal quantum number:

Definition: Principal quantum number describes the size and energy of orbit and the
distance of electron from the nucleus.
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Representation: Itis represented by (n).
Value: It has any positive value: 1, 2 ,3...... =

Formulae: The maximum number of orbitals in an orbit can be calculated by the
formula n? and the maximum number of electrons in an orbit is determined by using the
formula 2n?.

Azimuthal quantum number/ subsidiary quantum number:

Definition: Azimuthal quantum number is also known as subsidiary quantum number.
It governs the shape of orbitals.

Representati t oted by (4). é
Value: This Jne[ns £=0to (n-1). nvalue ol :
orbital, when £ = 1, itis p orbitals, when £ =2, d ¢ oita S i
Formulae: T}‘Fnﬁrﬁn number of orbital§_invarmer

+1). ' ' |
MagnetMAnIRE ! er: \\

De
when subjec
but same energy (d

Ko
Representatio isdenoted by (m).

Value: The value,of m depends upon the values of (£).

Sub-shell (2 €+1) value Orientations (m=-€to 0
to +€)
S One 1
p Three (-1, 0,+1)
d Five (-2,-1, 0, +1, +2)
f Seven (-3,-2.-1, 0, +1, +2, +3) =
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Spin quantum number:

Definition: An electron while moving in an orbital around the nucleus also rotates or
spins about its own axis. The spinning of an electron is either in clock-wise or anti clock
wise. This spinning of electron is associated with magnetic field.

Representation: Itis denoted by (s).

Value: For clockwise spin value of spin quantum number is (-1/2) and for anti-
clockwise spin value is (+1/2)

For the principal quantum number (n) equal to 2 in guantum
mechanics: %

1. £ (Azim Number) can haye
£ =0 corresponds to an s orbital

o {3 nds to a p orbital.
2. m (Magn Hﬁm Number) can va
Fofs i (¢=0),m=0.
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Numerical Questions

1. Calculate the radius of hydrogen in 3" orbit (Bohr constant for hydrogen is
0.529 A).

Data:

a®=0.529 A

Solution: é
r=
Z L

_0.529x32

r=
1
r= 4.76;.E 0 n
2. Apho
transitio \HE e' or
electron nd“also'the Spéctr

value of Rydberg con

ng="2
No. of spectral lines from ny ton, =?
Ry =1.09678 x 10’ m™

Solution:

\_/=RH[7%— L

23x10°=1.09678 X 107 [z — —
2

ny
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n, =4.98
But
no = 5

No. of spectral lines from ny to n, = (nz_nl)(;lz_nlﬂ)

(5-2)(5-2+1) _
==

No. of spectral lines from n; to n, = 6

JOIN
FOR
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Chapter#3: THEORIES OF COVALENT BONDING
AND SHAPES OF MOLECULES

Multiple Choice Question
1. Choose the correct answer
(i) If the bond angle in AB; type molecule is 104.5°, it geometry should be:
(a) Linear  (b) Pyramidal (c) Bent (d) Planar Trigonal
(i) The highest bond energy in the following is:

(@) CI-CI (b) H-F (c) H-O @&d) H-N
(i) The molec“ Q.:u zero dipole moment is: ~
(a) NH3 (c) HEQ ‘

\
(iv) The molecu s maximum bond anglé
iy 1 S )
(v) The s:maﬂ:ﬂjiﬁa'irff BCls mdled
(a) Tetra I 1 \\

(c) Planar trigonal and sp?

(vi) A ich one

(a) SO,

C,H,

(vii) A simple al olecule possesses twosbendspe irs anc

the central atom, hape should be:

(a) Linear (b) Planar trigonal (c) Angular (d) Tetrahedral

(viii) The correct relation between Debye and coulomb meter is:

(@1D=33310"°Cm (b)1D=16x10"Cm (c)1D=1.88x10"Cm
(d)1D=1.2310%Cm

(ixX) The bond order of N, molecule is:

(@0 (b) 1 (c)2 (d)3
(x) The number of sigma and pi bonds in CH4 molecule are respectively:
(@ 3and 1 (b) 2 and 2 (c)5and 1 (d)4 and 2
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Key:

o
<

I. c i. b iii.

<
o

a
Vi. c Vii. C Viii. a iX. d X. c

Example 3.1

Predict the shape of CHy, NHy, H:0 and CO; molecules on the basis of VSEPR.
CH. - molecule
We begin by drawing a Lewis structure to determine the number of

clectron pairs around the central atom. !‘!
N : = n=Cc=n

o. of Bond pair clectrons = 4 .
No. of Lone pair electrons = 0 H
According to V our electron pairs repel to cach ot
directed tow f tetrahedron at an angle of 10945
the geometry trahedral. '

NHs — Molecules

Lewis structure ule is drawn as
This shows the formation
About central

Bond palr of electrons = 3
Lone paigafi,
Accordi
reduce t
Hence the predicied shape o
~ Molecule

Electronic information
No. of Bond pair el
No. of Lone pair ¢
The repulsion of
109.5° 1o 104
Hence the shape
CO; ~ Molecule
The Lewss structure of CO; molecule is drawn as

0::C::0

{ 1807 \
O=—=(C=0

This shows that two sigma and two pi bond
exists in the molecule. According to VSEPR theory
pi bond are not involved in the repulsion and
geometry because these are inactive electron pairs.
Since only two active electron pairs are found
around the carbon atom, its shape is Linear,

O molecule is Angular
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Short Questions
1. Define the following:
(i) Bond Energy (i) Bond length
Ans)

Bond Energy: The energy involved for the breaking/formation of 1 mole of particular
type of bonds in the molecule is known as bond energy.

Bond Length: The distance between the e nuclei of two bond

ed atoms in a molecule
is known as bond length.
2. The Dipoledm ater is 1.85D but CO; has zero @e moment why?
Ans) The dipole'm a molecule dependsyensthe istril

molecule. Wate ) has a significant dipol
molecular struc unequal charge @
hydrogen atomsan ial negative charge

(CO2) has a linear structure with symmetri

one LORERH.

3. Differ
(i) VBT and MOT
@
(iii) Bonding M.Osand

Ans)
(i)

nti bonding

Valence Band Theory Molecule Orbital Theory
Valence Bond theory tells that only some | Molecular orbital theory tells that bond
valence electrons are involved in the formation occurs due to the involvement
bond formation. of all the valence electrons of interacting

atoms.
According to valence bond theory, both According to the molecular orbital theory,
the concerned atomic orbitals possess both the concerned atomic orbitals donot
their individual identity. possess their individual identity.
VBT doesn't introduce any adequate idea | MOT gives adequate idea about the bond |
about the bond order. order by virtue of which, the bond can be
identified as single, double or triple bond.
The paramagnetic behavior of molecules | The paramagnetic behavior of molecules
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such as oxygen molecule (O,) cannot be
explained by valence bond theory.

are very well explained using molecular
orbital theory.

(i)

Sigma Bond

Pi Bond

It is formed by head to head overlapping
of half filled atomic orbital.

It is formed by lateral/parallel overlapping
of half filled atomic orbital.

Only one sigma bond can exist between
the bonded atoms.

Maximum two pi bonds can form between
the two atoms.

Orbital free rotation can be possible
between
the two atoms if only sigma bond is

Orbital free rotation is not possible
between
the two atoms if pi bend is present.

Z)

present.
Electron cloudmhe plane of
bond axis.

Electron cloudsis denser at above and

(i) Eﬂﬁ

Charac t
NORE!

Formation

Y 4

Energy Levels %

Electron Den

Electrons are found
between the nuclei of the from the region between

Electrons are found away

bonded atoms. the nuclei.

Effect on Bonding Contribute to bond stability | Weaken or destabilize the
and cohesion of the bond between the atoms.
molecule.
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4. Explain the following with scientific reasons.
(i) Sigma bond is stronger than pi bond.

Ans) Sigma (o) bonds are stronger than pi (11) bonds primarily because sigma bonds
involve head-on overlap of orbitals along the bond axis, leading to more efficient
electron sharing and a greater electron density between the bonding nuclei. In contrast,
pi bonds involve sideways overlap of parallel p orbitals, which results in weaker electron
density between the nuclei and, therefore, weaker bonding.

(i) HF has greater ionic character than HCI.

Ans) Hydrogen fluoride (HF) exhibits greater ionic character than hydrogen chloride
(HCI) due to the significantly higher electronegativity of fluorine cgpared to chlorine.

This results in a more polar H-F bond with a larger difference i ron density.

Additionally, the (F) formed in HF is smaller andi ghtly bound than the
chloride ion ( entuating the ionicseparationéinshi ese factors
collectively lead to isplaying a higher deg g ara

compared to H
(iii) Bond ener cﬂvncules possessing

Ans) Molecules with multiple bonds, such g

energies I lr] he
atoms, e roital lap :
energies. e is Col

e of multiple bonds, resultudg

5. Qil is insofts

Ans) Qil is insoluble
intermolecular for
unsuitable for di
facilitating favor
oil to dissolve in it.

teractions between their similar nonpolar molecules and enabling
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6. Which hybridization would you expect for the central atom in each of the
following?

BeC|2, BF3, CH4, C2H2

Ans)
Compounds Elements
BeCl, Sp
BF; sp”
CH,4 sp®
CoH» sp

1. (a) Write dofﬂﬂtulate of VSEPR the

(b) Predict the ollowing molectilés
"'AICIg?

w MORENT

1. There may be two typ
a. Bond Pairs;
central ith unpaired electron

call set of electrons.

b. Lone Pairs: These are the paired electrons of central atom which do not take
part in sharing. They are also called non-bonding pairs. They are also
considered to be active set of electrons.

2. Being similarly charged (i.e. negative) the bond pairs as well as the lone pairs
repel each other.

3. Due to repulsion, the electron pairs of central atom try to be as far apart as
possible; hence they orient themselves in space in such a manner that force of
repulsion between them is minimized.

4. The force of repulsion between lone pairs and bond pairs is not the same. The
order of repulsion is as follow.
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Lone pair-Lone pair repulsion > Lone pair-Bond pair repulsion > Bond pair-Bond pair
repulsion.

5. In case of molecules with double and triple bonds, the electron pairs are not
considered to be an active set of electrons, hence not included in the count of

total electron pairs.
6. The shape of molecule depends upon total number of electron pairs (bonding

and lone pairs).
The shape according to VSEPR theory is given below :

AlICl;-molecule: We begin by drawing a Lewis structure to determine the number of

electron pairs around the central atom. EE

No. of Bond pai aﬂ: 3

No. of Lone pair electrons = 0

towards t r ian tfan
| N |

trigonal planar.

§§</

CCls;-molecule: We begin by drawing a Lewis structure to determine the number of

electron pairs around the central atom.

:(.3'1:

: Cl—C—Cl ;

:Cl:
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No. of Bond pair electrons = 4
No. of Lone pair electrons = 0

According to VSEPR, these three electron pairs repel to each other and directed
towards the corner of tetrahedron at an angle of 109.5° hence the geometry of molecule
is tetrahedral.

1

Cl-- Cl
109.5° < é'\
PHs;-molecul in by drawing a Lewis s
electron pairs aF\rB entral atom.
M 0 H E HEN
No. of Bond pair electrons =
No. of Lone pair elegtr =1

According to V these three electron pairs repel to each other and directed
towards the cornerof pyramid at an angle of 107° hence the geometry of molecule is
trigonal pyramid.

H / P.”””’H

1070

H
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H,S-molecule: We begin by drawing a Lewis structure to determine the number of
electron pairs around the central atom.

No. of Bond pair electrons = 2

No. of Lone pair electrons = 2

According to VSEPR, the repulsion of two lone pair electrons r

from 109.5° toddﬂ. I“e the shape of H,S molecule is ¥
. '

'S

FOR /104

I rl ’\
M 0 H E EEm \

\Z

@s the bond angle
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2. What do you mean by Hybridization? Explain sp® hybridization in CH, molecule
and sp? hybridization in C,H,; molecule.

Ans) Hybridization: The mixing of different atomic orbital to produce the same

number of equivalent orbital, having same shape and energy is known as hybridization".
The orbitals so formed are called hybrid orbital.

sp® hybridization in CH, molecule: The electronic configuration of carbon is

(1s%, 2s%,2px*, 2py?, 2px°) but it is assumed that one electron of 2s orbital get promoted
to 2pz orbital to make it tetravalent.

In methane, the four atomic orbital of carbon undergo a mixing process to
produce four new orbital of equal energy and shape, each nam s sp3 hybrid orbital.
ital then directed towards the caofi

All four s
tetrahedron at | 9.5°. Since eachsp brid orb

overlaps with Is orﬁl of hydrogen atom. Thus

FOR
MORE

Ethene molecule
Each carbon posse

a regular

These three\sp?
at 120° angle.
hydrogen atoms toform two C-H sigma bonds. The third sp2 orbital of both carbon
atoms overlap linearly with each other to form a C-C sigma bond. The unhybridized pz
orbital of both carbon atoms which lie at right angle overlap side wise to form a pi bond.

For getting all subject PDF notes and guess paper of classes 9 — 12, contact
WhatsApp number (03408057780) of ME English Center.
Prepared by: Sir Usama ur Rehman



ME English Center New Chemistry Notes

3. What are the basic postulates of valence bond theory? Explain various type of
overlapping lead to sigma and pi bond.

Ans) Valence Bond Theory: The main postulates of this theory are given below.

1. A covalent bond is formed due to the overlap of half filled orbital of combining
atoms.

2. As a result of overlapping there is a maximum electron cloud somewhere
between the two overlapped orbital.

3. The electrons present in both overlapped orbital should be in opposite spin.

The strength of bond is determined by the extent of overlap. The greater the

overlap, the stronger is the bond.

5. Each atom involves in the overlapping keep its own ato@k;ital but electron

pair is sh l oth atoms which take part in the 0 ing.
Types of O\J :
s-s overlapping: [ ' |.I
Definition: It Fﬂﬂap of half filled s,orbita™8™We doribihing atows.
]

MEEESS

B

Exampl
one elect
their half

Definition: It is the overlap of half filled s and half filled p orbital of two combining
atoms.

Example: Example of molecule in which sigma bond is formed due to s-p overlapping
are HF, HCI etc.

HF molecule is formed by overlap of half filled Is orbital of hydrogen atom and
half filled 2pz orbital of fluorine. ~
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Is
H atom 1 1
: «— o bond
F atom ] [w] [ [uw]¢v]
Is 2s 2px  2py 2pz

(H atom) (Fatom) (HF mofecule)
p-p overlap“ﬂj é
Definition: It98 t of half filled p orb MO ini
Example: Thm f this type of overl

The electfon
pa orbital u tlr'srrnd
shared u torms.
EEE

Is

(F atom) (F atom) (F2 molecule)

4. Draw a molecular orbital diagram of O, molecule and
(i) Write down MO electronic configuration
(ii) Determine bond order
(iii) Explain the paramagnetic behavior

Ans)

(i) MO electronic configuration of Oy is (02s)2(0*2)(G2px) *(TT2py, TT2pz (T 2y, T 2p2) .
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(if) and (iii): As it can be seen from the MOT of O,, The electrons in the highest
occupied molecular orbital are unpaired therefore it is paramagnetic in nature. Also, the
bond order can be calculated as [Ny — N5}/2 = [10-6]/2=2. Therefore there is a double
bond present as O=0.

§

JOIN
FOR
MORE!
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Chapter 4: STATE OF MATTER I: GAS

Multiple Choice Question

1. Choose the correct answer:

(i) According to Graham's Law of diffusion, the ratio of diffusion of H, and O, are
respectively:

(a) 1:2 (b) 2:1 (c)1:4 (d)4:1

(ii) Collection of gas over water is an example of:
(a) Graham's | n's law (c) Avogadro' @d) Gay-Lussac law

a
(iif) The molar gen gas is maxi

(@0°Cand1la

(c) 25°C and 1 Eo n

(iv) The diffusion rate of CsHgs and COo are
EEE

(c)yBoth have same molar mas

(v) The vo

(vi) Real gas reach ideal behavior at:

(a) Low temperature and low pressure (b) High temperature and high
pressure

(c) Low temperature and high pressure (d) High temperature and low
pressure
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(vii) Which one of the following statement is incorrect about the gas molecules?
(a) They have large spaces

(b) They possess kinetic energy

(c) Their collision is elastic

(d) Their molar mass depends upon temperature

(viii) If the Kelvin temperature of ideal gas is increase to double and pressure is reduce
to one half, the volume of gas will:

(a) Remains same (b) Double (c) Reduced to half (d) Four %
(ix) The molarﬂ:ﬂb ngen gas is 22.4 dm? at:
(@) 0°Cand 1 l and 0.5 atm )
atm

(x) Under simiIaELOtnCW gas diffuses...

(a) 1.5time 2 times
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Example 4.1

The pressure of gas filled in automobile tire is generally measured in psi convert 32.8 psi
into (i) atmosphere (ii) Kpa (iii) torr
Solution:

New Chemistry Notes

(i) Psi to atmosphere

Since 14.7 psi =1 atm

32.8 psi = — = 2.23 atm

(ii) Psi to Kilo Pascal
Since 14.7 psi= 101.325 Kpa

323—1“”25x323 226.085 KPa é
o “”I""H

Since
328p5l=-—>< 32.8 = 16958 torr

mz=3. 74 moles
An = nz — N
An =374 =2.2=1.54 moles
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Example 4.3

Laughing gas (N:0) at 30°C and 820 torr pressure occupies a volume of 10.32 dm®.
Calculate the volume that it will occupy at standard temperature and pressure.
Solution:

Ti=30°C =30+ 273 = 303k
P, = 820 torr

Vi =10.32 dm’

Vz =7

T2 =273k

P, = 760 torr

Pﬁ"u Pz"-’z u
]
P v T2 J I “
82{] NIGHF"H
303 =7

V2=10.03 dm*

atmosphe
SOIutlon

T 45°C 45 +2
= 1.54 atm

R 0.0821 atm dri¥ mol™' K™!

Moz = 32 g mol™!

The formula of density derived from general gas equation is givenas
PM

i RT

By substituting the values, we get

& 1.54 %32

0.0821x318
d = 1.889 g/dm’
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Example 4.5

One mole of ammonia gas is kept in a cylinder of 5.5dm” at 27°C. Assuming ammonia gas
as a real gas determine its pressure. The ven der Waal constant for ammonia are a =
4.17 atm dm® mol” and b = 0.0371 dm® mol”,

Solution:

n=1 mole

T=27°C=27+273 =300K

V=55dm’

R =0.0821 atm dm® mol' K')

P=17

Acmrdmg to van der waal equation.
P + _ (v \ n]“‘ é
4 17 =1 |
J (1)(0.082 =300)
(5.5)°

{F +0.138)(5.4
P=4.365 atm “n
Two mol !tl;

the pressure exerted by the gas It

= l.36dm‘ atm mol”
Solutnon
n = 2 moles
T=37°C=37427 |
V=155 dm?

-0&821 atm dn¥ mol' K)
P=2
i) General gas equation is used if gas behave ideally,
PV=nRT

_ 2x0.0821 x 310

15.5
i1) van der Waal equation is used if it behaves as non ideal gas

(P+ --) (V—nb) =nRT

(P ”""“)(155 2 x0.0318) =2 x 0.082 x 310
(ISS)

P =3.27 atm

=3.28 atm
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Example 4.7

A 20 dm’* cylinder is filled with 4.25 moles of oxygen gas and 12 moles of helium gas at 25
“C. Calculate the total pressure of gas mixture and partial pressures of oxygen and helium
gases in the cylinder?
Solution:
V =20 dm’
Nosygen = 4.25 moles
Npaium = 12 moles
N = Noxygen + MEctium
=425+ 12 = 16.25 moles
T 25°C 25 +273=298K

P l'll‘hllm ‘
According to tion, :
n, RT

1625 < 0.0
P = ——

P, = |9 88 atm
Now

”‘Mﬂﬂiﬁ.ﬂ o

and total

Q(amy’gtm) e 3

Poxygen =

Similardly,
I e e

Phaium = 14.68
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Example 4.8

Oxygen gas is produced by heating potassium nitrate

ZKNOJ_’ ZKNOz""Oz
The gas is collected over water. If 225¢cm’ of gas is collected at 25°C and 785mm Hg total
pressure, what is the mass of O; gas collected? (Pressure of vapours at 25°C j\ia.s?mm

Hg)
Solution:

According to Dalton’s law, the total pressure of mixture is equal to the spni‘i%ﬁpﬁftial pressure
of O and vapours thus '

P. Pso:) + P(vapours)

P.m; 785 23
Convert the from mm Hg to a
761.2

P—Tﬂ-l 001 atm;

22
V=225¢m’= nﬁ

1
T=25°C=25+273=298K

35.“3%1\7[“3? N

5082 %398 2 X 100

Compare the

Solution:
Mass of 4 a.m.u
Molecular mass of CHy = 12 + 4 = 16 am.u:
rHe  [MCHy4
TCHy | MHe
rHe 16 _4_2
CHy % 4 --—- Ans

Thus helium diffuses two nmes.as"&sp“as CH..
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Example 4.10

The ratio of the » nﬂ!s of diffusion of two gases A and B is 1.5:1. If the relative molecular
mass of gagﬁ is W, find out the relative molecular mass of gas B?

Solution:
According to Graham’s Law
‘(&_\.F ~B
o NMa
15_ [Mg

1\ 16
By applying the square root on both sides,
2

At a sp
through a porous membrane. U

15290
1.5/1085

1085 M,
290 3

Squaring on both sides we get:

(loss M,

,=56g/mol
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Short Questions

1. State the following gas laws.
(i) Avogadro's law (if) Charles law

Ans)

(i) Avogadro's law: The volume of the given mass of a gas is inversely proportional
to its pressure at constant temperature.

(ii) Charles law: The volume of given mass of a gas is directly proportional to the
absolute temperature at a given pressure.

2. State main “sﬂaf“( kinetic molecular theory of g @

Ans) ‘

Postulates o Molecular Theg

kinetic theory offga as follows.

(i) Gases iStzof

monoatormn Edil [
HEN

(i) Gas molecules are far away f
ed to the total volu

(i) Gas molecules are in co
collide with each oth
by the gas betwe

(iv) Gas particle ergo elastic collisions (a collision in which no loss or gain of
energy takes plac

(v) Gas exerts pressure when molecules collide with the walls of container.

(vi) There is no force of attraction or repulsion found among ideal gas molecules, each
molecule acts as quite independently.

(vii) The average kinetic energy of gas molecules depends upon absolute
temperature.Thus when absolute temperature increases kinetic energy of the molecules
increases. ~—7F

KE « Absolute temperature
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3. Explain the following:
(i) Pressure and its various units (ii) Absolute zero

Ans)
(i) Pressure:

Definition: The magnitude of force that is applied on the surface of an object per unit
area.

Mathematical form:

Force é
Pressure =
Area
S.lunit: Its Jnm which is known ag &)
Pascal (Pa): Fne n force that is distrib
Alternative unit essure and th
units of pressure and their inter relation are"gife

MOREN

ospheric pressure: T

(i) Absolute zero: g to Charles, ¢
should be zero. Actu eal gas can achie
before-273.15°C allgases are condensed in t
Absolute zero. ncept of absolute zero cannot be applied to real gases.

—=|
A
-
E
=
-
-~
-
P
-
- *
-273.16'C 0cC Temperature
Graphical representation of the
absolute zero.
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4. What is liquid air? Mention its three uses.

Ans)

Liquid air: Ordinary air on compression and cooling to extremely low temperature
becomes liquefies and known as liquid air.

Uses of liquid gases: Some important uses of liquefied gases are given below.

1. Liquefied natural gas (L.N.G) is used as a fuel.

2. Liquefied petroleum gas (L.P.G) is a mixture of butane and other hydrocarbons,
used as a fuel for portable heaters, gas cooktops and ovens. It is also used as
fuel for engines.

3. Ammoni liguielsulphur dioxide are used as refrige
5. What is pljm significance ing@e -
Ans) PlasmaFG\aate of matter):
un- ionized mol atoms is known as
Significance in daily life:

L .tMﬂtﬂEHco .
2. PI iS"Used inroket Pr

biological hazards and,h

1. State and expl 'r%ﬂ's law of partial jpr
Dalton's law.

Ans)

Dalton's law of partial pressure:

Statement: The total pressure exerted by a mixture of non reacting gases in a closed
vessel (fixed volume) is always equal to the sum of their individual pressures at a
constant temperature.

Example: Suppose we have three empty cylinders of equal capacity (1 dm?), 0, and

N gases are filled separately in first two cylinders at constant temperature. Let the——=
pressure exerted by the O, gas and N, gas are 500 torr and 700 torr respectively. If now
these gases are transferred into third empty cylinder under the condition of same
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temperature; the pressure exerted by the mixture gases is found to be 1200 torr which
is exactly equal to the sum of partial pressure of O, and N.

| .mm &
Px: = 700 torr r"‘

Pressure of individual g 1‘: rﬂ]ﬁ

| A =N

Applications of Daltons Law of part

(1) PresMMi(!)l!cte
water by

ulated by Daltons Law. Wh

Ptotal = Pdry gas
@ I:)dry gas — I:)total - Pwater vapors

Oxygen and
water vaprous

| +

Pressure of gas collected over water is equal to
the sum of pressure of dry gas and vapours
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(i) Maintenance of oxygen pressure at high altitudes: The pressure of air
on high altitudes is lower than sea level due to decrease in number of molecules of
gases. Normally, respiration depends upon the difference between the partial pressure
of oxygen in the air (159 torr) and in the lungs (116 torr). At higher altitudes, due to low
partial pressure of oxygen causes the problem in the process of respiration.

(iii) Maintenance of oxygen pressure for deep sea divers: Opposite to
altitude, as distance increases downward in the sea, partial pressure of oxygen
increases. At the depth of 40 meters, pressure increases to five times. This increased
pressure also causes problem in respiration. Therefore, deep sea divers use the
SCUBA (Self Contained Underwater Breathing Apparatus), breat@ tank for

respiration. Scuba contains 96% helium gas and 4% oxygen QQ’!
tm dm®mol.K and

2. Derive gen(ﬂl 05Is“stion. Also deduce the value
J/mol.K. ‘
Ans)

Derivation olErﬂB gas equatio
Accordin ' ' ' ' A
Accordinmnﬁgﬁ -

Acc

And PV =nRT

Where, R is general gas constant.

For one mole of a gas this equation can be written as:
PV=RT

PV
R="Y
T

If we change the pressure from P; to P, and temperature from T, to T, then the above
equation can be written as:
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P,V P,V
— and R=—2-2
T, T,

R=

Therefore,

P1Vy _ PV, _ PpVp
T1 T, Th

(a) Value of R when pressure is in atmosphere and volume in dm?;

We know that one mole of an ideal gas at S.T.P (one atmosphere pressure and 273 K)
occupies 22.4 dm?.

PV
R=— é
nT
1 atmo 2 3
R:%&m =
o] 2 (

R=0.0821 atm dm® mole™* K*

(b) Value of FF\arnressure isin N

According to the S.I system, pressure is mea

oo FROREIT

And 1 dm®=0.0224 m®

nT
R=8.31 Kk
R=8.31 J mol™* k* (Because 1 Nm = 1J)

3. How an ideal gas is differentiated from real gas? What are the causes of
deviation of real gas from ideal behavior? Explain this deviation at low
temperature and high pressure.

Ans)
Ideal Gases:

e Hypothetical gases with negligible particle size and no intermolecular forces.
e Follow the ideal gas law (PV = nRT) exactly.
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e Applicable at low pressures and high temperatures.
Real Gases:

e Composed of molecules with finite size and intermolecular forces (Van der Waals
forces).

e Deviate from ideal gas law at high pressures and low temperatures.

e Have a compressibility factor (Z) that can vary from 1, indicating attractive or
repulsive forces.

e Require specialized equations of state at extreme conditions.

Causes of deviation of real gases from ideal behavi

To analy ases deviate from ideal behavie @h'ould know the
basics on whi S equation was formuila heide s ation.\Wa
obtained from Certa ptions of kinetic \

are given below

1. The actual v
total space of the container.

-MARENT-

o the volume

This ass
molecules tend t

distance betwe

temperature rmolecular forces beco
to be closetogether.

Deviation at low temperature and high pressure:

1. Molecular Volume: In the ideal gas model, gas molecules are considered to
have negligible volume. This means that they are treated as point particles with
no physical size. However, in the real world, gas molecules do have a finite
volume. At high pressures, as gas molecules are forced closer together, the
volume they occupy becomes significant compared to the total volume of the
gas. This reduces the available space for the gas particles to move, leadingte-a—~
decrease in the volume available for the gas itself.
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2. Intermolecular Forces: Real gas molecules interact with each other through
intermolecular forces, such as Van der Waals forces. At low temperatures, the
kinetic energy of gas molecules is relatively low, making them more susceptible
to these intermolecular forces.

3. Deviation from Ideal Gas Law: The ideal gas law, represented as PV =
nRT, assumes that gas molecules have zero volume and do not interact with
each other. Under low-temperature, high-pressure conditions, real gas molecules
deviate from this ideal behavior. These deviations can result in lower observed
pressures (compared to what the ideal gas law predicts) because attractive
forces between molecules tend to reduce the pressure exerted on the container

walls, and the finite volume of gas molecules reduces the available volume for
the gas. é

4. What is med BCIYNion and effusion?

Ans)

Effusion: Fo n

Definition: The movement of gas mole |

pressure 9')' '

Examplée: Slow escaplng ofair fr

Diffu

Definition: The pr y hich particles of

particles of anoth

Example: Th ading of fragrance of a rose flower or a perfume is because of
diffusion.

Graham's law of diffusion:

Statement: At constant temperature and pressure, the rate of effusion or diffusion of
a gas is inversely proportional to the square root of its density or molar mass.

Derivation: If 'r' is rate of diffusion and 'd' is density of a gas then according to
Graham's law:

r < — (At constant temperature and pressure)
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r= % Where, k is constant for proportionality.

If we consider two gases 1 and 2, having rates of diffusion r; and r, and densities d; and
d respectively then:

Now divide equation (i) with equation (ii), we get:

2 ......... (iii) é
The density ofJ uv IN; directly proporti [ . y
d“ﬁarm; i [m]
We can write thel equat -
r

(i) as:

- "'

rz
Where, M1 and M- aret e moTar

Partition .I i - =
° - -
e Diffusion 2
Q o o
o: q %o °° °°°
: o °o —— O o
© o & o
Partition
T © o >
o e
< E Effusion (%= ~[rs e
o o
e 0 —_— oo [’ 3 X
o o o o] @
Q b}
Diffusion and Effusion of gases
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Numerical Questions

1. Gorakh hill station is the coldest area of Sindh province and has 83 kPa
barometer pressure. What will be the pressure of this area in psi and atm units?

Data:
Pressure in kPa = 83 kPa
Pressure in psi = ?

Pressure in atm = ?

Solution: é
Pressuﬂ rﬂslzu; 0.145 = 12.035 psi

Pressure in atm = x 0.00987 = 0.

2. Calculate th ccupied by 8g of
pressure.
Data:

mm

m = 8g

P = 842 torr @ao =1.108 atm

Solution:

//.

n=

218

8
n=—=0.5 moles
16

R = 0.0821 atm dm® mole K*
PV = nRT

(1.108) V = (0.5) (0.0821) (313)

V =11.596 dm?®
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3. At 35°C, oxygen gas in a cylinder has 456 cm3 volume and 0.85 atm pressure:
Calculate the pressure when this oxygen gas is transferred to 10 dm? cylinder and
cooled to 20°C.

Data:

T, =35°C=35+273=308K

V; = 456 cm?3 = 456/1000 = 0.456 dm?®

P1=0.85 atm

P,=7?

V, =10 dgn®

T2 = ZOJ:nIZN: 293
Solution:

-FOR

Ty
(0.35) (pms

P, =0.037 atm

4. Co the rates of

Data:
TH,
(1) e
2 T'He -9
(2 —
rSF6
3) .
Solution:

T, _ [4_ 141
I'He 2 1
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/fﬁ — |64 _1
1‘502 - 4 - 1
Tsop _ [146 _ 151
rsg,  \ 64 1
5. Four containers of equal volume are filled as follows:
(i) 2.0g of H, at 0°C (i) 1.0 g of H, at 273 °C
(iii) 24g of O, at 0°C (iv) 16 g of CH4 at 273 °C

(a) Which container is at the greatest pressure? E

(b) Whi3<ntli“ is at the lowest pressure?

&

Moy =2

To2=0+273=273K
(iv)

McHa=16 @

Tena = 273 + 273 = 546 K

(a) Which container is at the greatest pressure = ?

(b) Which container is at the lowest pressure = ?
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Solution:
We are taking volume equals to 1 dm?®
(i)

_myp _ 1 _
NH2 = M, 2 0.5 moles

Ph2 Vi2 = N2 Rz T
(Pr2) (1) = (0.5) (0.0821) (546)

Py, = 22.4133 atm

(ii)
Nuo = %}J 20 Iules

Ph2 V2 Fﬂ(ﬂe
(PH2) (1) = (0° 0821) (546)
"NTORE!!!

HEN
2

=202 == =07

Po2 Vo2 = nNo2 %f;z
(Po2) (1) = (OW5)N0.0821) (273)

Poz =16.

(iii)

atm

(iv)

m
N 9= CH4

16
= =—=1 moles
Mcus 16

Pcra Vcra = Nena Rena Tena
(Pcha) (1) =(2) (0.0821) (546)

Pcha = 44.8266 atm

(@) iv (b) iii
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6. A 500 cm?3 vessel contains H; gas at 400 torr pressure and another 1 dm3 vessel
contains O, gas at 600 torr pressure. If under the similar condition of temperature
these gases are transferred to 2 dm? empty vessel, calculate the pressure of the
mixture of gases in new vessel.

Data:
Vi, = 500 cm?2 = 500/1000 = 0.5 dm®
Pxo = 400 torr

Voo =1 dm?3

Po2 = 600 torr

VTZZ‘ﬂm“
PT:?
Solution: Fon

Ph2 V2 + Poz2 Vo2 = Pr V7

MORENH:

7.10f

Data:

Vi =1
th2 = 30 sec
Vso2 =7?

tso2 = 30 sec

Solution:
rsoz _ [ Mu2
I'Hz Mso2
Vsoz . VHz _ | Mn2
tsoz  tH2 Mso2
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Vso2 X thz _ [ Mno
tsoz  VH2 Mso2
Vsoz ., 30 _ 2

30 16 64

Vsoo = 2.828 cm®

8. 40 dm?® of hydrogen gas was collected over water at 831 torr pressure at 23°C.
What would be the volume of dry hydrogen gas at standard conditions? The
vapour pressure of water at 23°C is 21 mm of Hg.

V=40d

P= 831Jnl(“rr

T=23°C =300 K

Vi=7? FZU ﬁ
Solution "'

?M&n n E EEE

10)(40) _ (760)(V1)

Data:

V;=38.795d

N\
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Chapter 5: STATE OF MATTER II: LIQUIDS

Multiple Choice Questions

1. Choose the correct answer:

(i) The boiling point of water (H,O) is 100°C where as that of hydrogen sulphide (H.S) is
42°C, This can be attributed to:

(a) Smaller bond angle of H,S than H,O

(b) Smaller radii of oxygen than sulphur
(c) High IP of phur é

o] t ul
(d) Tendency “m hydrogen bond
(i) Liquids can meniscus in a nafro
(a) Cohesive foEne’n;nger than adhesive
(b) Adhem:)rrnx[RSEII!han eoh
W

ne of these

(c) Cohe

(d

(iif) Which of the Ing state is incorre
(a) Viscosity is the r@e against flow of lig
(b) Liquid pos inite volume

(c) One feels sense of cooling after bath due to condensation

(d) Sublimation is endothermic process.

(iv) Which of the following possesses weakest London dispersion forces:
(a) Cl2 (b) F2 (c) Brz (d) I2

(v) Hydrogen bond is not found in:

(a) H0 (b) CH, (c) NHs
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(vi) The boiling points of different liquids may be different at the same external pressure
due to:

(a) Amounts of liquids (b) Intermolecular forces  (c) Surface area  (d)
Viscosities

(vii) Which statement is incorrect about evaporation?
(a) It is an exothermic process

(b) It is a reverse process of condensation

(c) It occurs at all temperature and pressure
(d) It causes ¢

)
(viii) Which of Jn[uiquids show maxi e T
(a) Water cury (c)E
(ix) A non-polarE mﬂlth bigger size will
(a) Lond ole inter
OMLBSR EI L \\
0

(x) Cooking time is reduced in a

(a) Boi
decreases

(c) Vapor pres&@s reduced

i.d iii. € iv. b v.d

vi.b vii. a viii. b iX. a X. a
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Short Questions
1. Explain the following in terms of kinetic molecular interpretation of liquids:
(a) Diffusion (b) Compression (c) Expansion (d) Molecular motion
Ans)

(a) Diffusion: Two miscible liquids diffuse into each other, however the process of

diffusion in liquids is slower than gases due to small intermolecular gaps which cause
difficulties in molecular movement. For example a drop of ink spreads in a glass full of
water slowly.

(b) Compressian: Liqui re very less compressible as com o the gases. In
term of kinetic mol@ctildr theory liquid molecules are in conste dom motion in small
intermolecular if we put a presstire on lig me O [

appreciably change. An example of compress
automobile.

Molecule

Compression of liquid

(c) Expansion: Liquids expand on heating. However they do not show appreciable
increase in their volumes by heating like gases do. Expansion is due to high kinetic
energy of molecules at the higher temperatures which result in the separation of
molecules and creation of molecular gaps.
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(d) Molecular motion: Liquid molecules move randomly in all possible directions
however due to small gaps and attractive forces speed of molecules is slower as
compared to gas.

mamoqUE I Bl S
EEN

Intermole

1. Diploe-dipole ihteraction
2. Hydrogen
3. Londondi lon forces

Intermolecular forces in HCI: In HCI (hydrochloric acid), intermolecular forces are
responsible for the attraction between its molecules. The primary forces at play are
dipole-dipole interactions due to the molecule's polarity, as well as London dispersion
forces, which occur in all molecules. Dipole-dipole interactions arise from the partial
positive and negative charges on hydrogen and chlorine atoms, while London
dispersion forces result from temporary fluctuations in electron distribution.
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3. Define the following
(a) Molar heat of fusion (b) Molar heat of vapourization (c) Molar heat sublimation
Ans)

(a) Molar heat of fusion (AHssion ): It is the amount heat required to convert one mole
of a solid completely into liquid at its melting point.

(b) Molar heat of vaporization (AH,): The amount of heat required to convert one mole
of a liquid into its vapors at boiling point is referred as molar heat of vaporization.

solid is directly convert into vapors without going through a liqui e is known as

(c) Molar heat of sublimation (AHs): The amount of heat absor?é when one mole of a
molar heat of suBlimat

4. Describe hydro ing in water anc

water due to h onding.
Ans) ﬁ

Hydroge ing.i ter,

with oxyg ?&E o]
formation oRd

important properties:

High boiling point of
High density e
High viscosity,o er

High su ension of water
Anomaloussbehavior of water

o0k wnRE

Anomalous behavior of water: Hydrogen bondings in water lead to some unusual and
unique behavior which is seen in daily life. It shows highest density at 4°C and below
this temperature its volume increases instead of decreasing. This anomalous behavior
of water can be attributed by arrangement of hydrogen bonding among H,O molecules.
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Hydrogen bondiag i above 4°C is tempofra ‘
Thus water molEﬂH‘easily break their
hydrogen bondi e other molecule

5. Water j [ t' lycerin b
same termu i 1'erm
EEE

Ans) Glycerine has more inter-

molecules of ea ) \ u.r‘
s

between Glyc cu

than glycerine. While at the same temperaturg s % o’
water because@ oséd of nonpolar hya V‘MVe

intermolecular forc don dispersion forces

6. Give reasons fer the following:

i. Water spilled on floor evaporate faster than the same amount of water in a
container.

Ans) Spilled water on a floor evaporates faster than the same amount of water in a
container due to the larger surface area exposed to the air.
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ii. A falling drop of a liquid is spherical.

Ans) A falling drop of liquid forms a spherical shape because of surface tension, which
causes the liquid to minimize its surface area and sphere has minimum surface area.

iii. Evaporation is a cooling process.

Ans) Evaporation cools a substance or its surroundings because it absorbs heat energy
during the transition from a liquid to a gas, lowering the temperature in the process.

iv. Boiling point of liquid remains constant although heat is continuously
supplied to the liquid.

Ans) The boiling point of a liquid remains constant when heat @inuously supplied
because the ad sed to break the intermolecularfer ithin the liquid,
allowing itto c as and not utilizeg

v. Mercury hasi iscus upward.

Ans) Mercury eXhi pward or convex
tube. This is because the cohesive forces

the adhesi t ¢ 5

at the edMﬁHElﬂ!Ilas \ \
HENE

vi. Liquids cannot be compre

Ans) LI

intermolecular forces and m

to a liquid doesn't si@y change its volu
which can be compres ecause their mol
weaker forces en them.

vii. Density of water is highest at 4°C.

Ans) Water achieves its highest density at 4°C due to the unique properties of its
molecules and hydrogen bonding. As water cools from higher temperatures to 4°C,
hydrogen bonds become optimally balanced, resulting in a maximum packing
arrangement. Beyond 4°C, thermal energy disrupts these bonds, causing water to
expand and become less dense.
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viii. Honey is more viscous than water.

Ans) Honey is more viscous than water due to differences in its molecular structure and
intermolecular forces. Honey's larger and more complex molecules create stronger
forces that resist flow, making it thicker than water. In contrast, water's simpler
molecular structure and weaker intermolecular forces results in lower viscosity.

Descriptive Questions

1. What is Surface tension? Explain it with example. Give its unit and describe the
factors that affect on surface tension of liquids?

Ans)
Surface tensiﬂ ﬂrla“ension is the force acting at rig on the unit length of

surface of liqu

inner side
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Example: You might have noticed spherical droplets of water coming out of tap for a
while just after closing it. The reason behind is the presence of cohesive forces between
the surface molecules and the molecules toward the interior side. Since the surface
molecules are being pulled by the interior ones, as a consequence, the surface area is
reduced as much as possible to acquire a spherical geometry since sphere has the
least surface area for a given volume.

liquids is the
forces the higher,t
strongentha ny other liquids, due t@ 3
forces (Hydrogen bonds). Mercury has much higher surface tension than water
because its atoms are held together by strong metallic bond.

2. Temperature: Surface tension is markedly affected by temperature. High
temperature weakens the cohesive forces among the molecules which results in
decreasing the surface tension.

For getting all subject PDF notes and guess paper of classes 9 — 12, contact
WhatsApp number (03408057780) of ME English Center.
Prepared by: Sir Usama ur Rehman



ME English Center New Chemistry Notes

2. Explain the factors why honey is more viscous than water?
Ans) Honey is more viscous than water due to several factors:

1. Molecular Size and Structure: Honey contains larger and more complex
molecules, such as sugars like glucose and fructose, which have multiple
hydroxyl (-OH) groups. These hydroxyl groups form hydrogen bonds with water
molecules, increasing the viscosity of honey.

2. Hydrogen Bonding: The presence of numerous hydroxyl groups in honey's
molecules allows for extensive hydrogen bonding between the molecules. These
hydrogen bonds create strong intermolecular forces that hinder the flow of the
liquid, making honey thicker and more viscous.

3. Additional Components: Honey also contains other di@d substances like
organic a s, and small particles. These ] nts further obstruct

the mo r molecules and
4. Concentration: The concentration of s

than in igher solute concentrations
because the olecules disrupt the

3. What is hydrogen bond? How is it‘es
industri

e MORET

one molecule a
molecule is called H

ogen bonding.

Formation of hy e

bonded to an gative atom like oxygen or nitrogen, Is attracted to another
electronegative a with lone pairs of electrons. This attraction results in a hydrogen
bond, which is a relatively weak but significant intermolecular force.
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Application in industrial and biochemical process: Hydrogen bonds have several
important applications in both industrial and biochemical processes:

Industrial Applications:

1. Solvent Properties: Hydrogen bonds make water an excellent solvent for a wide
range of substances, which is crucial in industrial processes like chemical
manufacturing, pharmaceuticals, and metallurgy.

2. Hydration in Chemical Reactions: In chemical synthesis, hydrogen bonding
plays a role in solubilizing and facilitating reactions in aqueous solutions. For
example, it's used in the production of various chemicals, including

pharmaceuticals and specialty chemicals.
3. Catalysis: Hydrogen bonds can influence catalytic pro by helping
molecule maific orientations or stabilize tranSiti ates. This is

valuabl involving catalytigffeactio ST et
industry. 1}
| o

1 E]

or thkee-
q

Biochemical Afloiﬁz -

1. Protein Structure and Function:

di rljj:lstabi
pr n LR
DNA Structure: Hydr

l'in genetic fes

s: Hydrogen bong

facilitating'@iochemical reactions. This knowledge is applied in various fields,

including medicine and biotechnology.

4. Drug Design: In pharmaceutical research, understanding the hydrogen bonding
interactions between drug molecules and target proteins or nucleic acids is
crucial for designing effective drugs and predicting their biological activity.

5. Biological Membranes: Hydrogen bonds are involved in the stability and
permeability of cell membranes, influencing processes like ion transport, cell
signaling, and drug delivery.
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4. What is meant by liquid crystals? How is it differing from liquids and crystalline
solids?

Ans) Liquid crystals: Liquid crystals are a state of matter that exhibits properties of
both liquids and crystalline solids.

Difference between liquid crystals and liquids: Liquid crystals differ from regular
liquids in several ways.

e Molecular Order: Liquid crystals have partial molecular alignment, whereas
liquids have random molecular arrangements.
e Anisotropy: Liquid crystals exhibit directional variations iqroperties, unlike the

isotropic nature of most liquids.

e Respon iquid crystals respond to extern r@!
pressdniﬂc fields, altering t :
properties.

e Phasesygi

molecul
VISCOSI

s like temperature,

e Phase Transitions: Liquid crystals can change phases in response to external
factors, altering molecular arrangement and optical properties. While crystalline
solids remain in a fixed phase under normal conditions, undergoing phase
transitions only under extreme conditions.

e Optical Properties: Liquid crystals are exhibits optical properties sensitive to
molecular orientation, allowing for manipulation of transparency and refractive
index. Crystalline solids have well-defined and unchanging optical properties
determined by the crystal lattice.
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e Range of Order: Liquid crystals are partial molecular order over short distances,
with molecules aligned in preferred directions. Crystalline solids are long-range
order, with molecules or atoms arranged in a repeating and extended lattice
structure.

JOIN
FOR
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Chapter 6: STATE OF MATTER Ill: SOLIDS

Multiple Choice Questions
1. Choose the correct answer:

(i) Quantity of energy released when | mole of the ionic crystal is formed from the
gaseous ions is called:

(a) Bond energy (b) Potential energy

(c) lonization energy (d) Lattice energy

(ii) Graphite can teelectricity in one direction only. Wi avior, it is said to
=" JOIN ;

(a) Amorphous ‘D) SymMmeirice

(c) Anisotropic

@) MeltinM‘xu n E I ' ' ‘
shapes \\

(c) Geometrical
(iv)
(a) Melting temperatu

(c) Transition tem %
(v) Diamond is@mple of:

(a) lonic solid (b) Covalent solid

erature at whj

(c) Metallic solid (d) Molecular solid

(vi) Ice is a molecular solid, the intermolecular force of attraction among its molecules
are:

(a) lonic bond (b) Covalent bond

(c) Metallic bond (d) Hydrogen bond
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(vii) If all three axes in unit cell are of different length but all angles are of 90° then it is
identified as:

(a) Orthorhombic system (b) Cubic system
(c) Tetragonal system (d) Hexagonal
system

(viii) In NaCl, cach Na" ion is surrounded by CI" ions in the numbers:

(a) Four

(c) Six
(ix) It is an elenYIrMIIine solid:

(a) Alum

(c) Plastic F 0 n

(x) Each unit cell of sodium

oo NG HE

ions

()

Six CI" ions

hloride copsi

d

i
|

i.d iii. c : :
vi. d I."a viii. ¢ iX. a X. C
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Short Questions
1. Define the following terms:
() Allotropy (2) Sublimation (3) Melting point  (4) Unit cell
Ans)

(1) Allotropy: Allotropy, also known as allotropism, is a phenomenon in chemistry
where an element can exist in multiple structural forms or arrangements in the same
physical state.

(2) Sublimation: Some solids directly change into vapours on%ating without

passing through liqui , Which is known as sublimation. @
(3) Melting l elting point of a s isthest

changes from a solid state to a liquid state at

( r;l-”‘
(4) Unit cell: Feewnst repeating pattern f -JWMn
unit cell.

2. Define

physical prope

Thermal conductivity)along
is known as anisotro

e Crystall ids have this property.

3. What is Transition temperature? Explain with examples.
Ans)
Transition temperature:

Definition: A transition temperature, also known as a critical temperature, is a specific
temperature at which a material undergoes a significant change in its properties.

S~———

Examples: Examples include the melting point (solid to liquid transition) in
substances like water, the Curie temperature (magnetic transition) in ferromagnetic
materials like iron, the superconducting transition temperature (zero electrical
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resistance) in materials like mercury, the glass transition temperature (rigid to flexible
transition) in glass and certain polymers, and order-disorder transition temperatures in
shape memory alloys. Transition temperatures are important for understanding and
utilizing the behavior of materials in various applications.

4. Explain why diamond is non-conductor of electricity and Graphite is a
conductor.

Ans) Diamond is a non-conductor of electricity because it has a three-dimensional

structure with strong covalent bonds, leaving no free electrons for electrical conduction.
In contrast, graphite is a conductor because its layered structure allows for delocalized
or free-moving electrons between the layers, facilitating electrical Eonduction. The

difference in electrical conductivity between these two forms of, n is primarily due
to their atomicﬂnur ud the presence of delocalized elg in graphite.
5. Define lattic€’e “Explain how it is effe ‘
Ans) Lattice he quantity of energ
crystal is formedifr aseous ions.
1. T ize O | anion: Thella
in n i (i ion M
S t atiensor

size of Na" io
lattice ener the’separation of ions
2. Charge.0 . Lattice energy also a
the charg n the higher is the lattice energy. For example lattice energy of
BeF; (3505 KJ/mol) is much higher than LiF (1036) because Lithium possess +1
charge in LiF where as the charge of Beryllium is +2 in BeF,.
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6. Differentiate between the following:
(i) Crystalline and amorphous solids

Ans)

(i)

New Chemistry Notes

(ii) Isomorphism and polymorphism

Crystalline

Amorphous

They exist in definite geometrical shape

They don't have definite shape

They have sharp melting points

They melt over a wide range of
temperatures

They show anisotropic behavior that is
properties like mechanical strength,

They are isotropic ir@ture.

refractive index lectaeal conductivity
depend upon di
They can be c tiixed cleavage

plane

compounds
arrangements.

There are various
such as complete
isomorphism,
similarity in cryst

@omorphism,
ism and patrtial

g on the extent of
structures.

enantiotropic polymorphism
(interconvertible with changes in
temperature or pressure).

Examples include minerals like feldspar,
where different elements (e.g., potassium,

the crystal structure without altering the
structure.

sodium, calcium) can replace each other in

Examples include substances like carbon,
which can exist in various forms like
diamond and graphite, each with a
different crystal structure.
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7. Explain the following with scientific reason.
(i) Why the compressibility of solids is nearly zero?

Ans) Solids have nearly zero compressibility because they possess strong
intermolecular forces, maintain highly ordered lattice structures, and have bonds that
are already at their minimum energy state. These factors make it extremely resistant to
changes in volume when subjected to external pressure.

(i) Why some solids are sublime in nature?

Ans) Certain solids undergo sublimation, transitioning directly from the solid to the gas
phase, due to factors like weak intermolecular forces, low triple pgint temperatures, high
vapor pressures at lower temperatures, and the endothermic f the sublimation
process.

1. Define unit . diagram to sho

- MORBE!!.
iagra unit eell

b and c) and three axial angles

Dimensions of unit cell
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2. Give four properties of ionic solids. How can you determine the number of Na*
and CI" ions in a unit cell of sodium chloride?

Ans) Properties: Some properties of ionic crystals are described here.

1. They are hard at room temperature due to the presence of strong electrostatic
forces attraction.

2. They are brittle and can be shatter easily by hammering.

One layer of ion
over the oth
along with the

fonic crystals are B

Portion of atoms in the unit cubic cell

Chloride (CI") ion determination: Above figure reveals that eight (8) chloride ions
are located at the eight corners of cube while six (6) chloride ions (CI") at the center of
its six faces. On the basis of this information, one can determine the number of CI" ions

in each unit cell of sodium chloride crystal.
S~———

Since each chloride ion (CI') at the corner is shared between eight other unit cells thus,
its share to each unit cell should be % therefore,
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No. of chloride (CI') ions at the corner of one unit cell = % x 8=1.

On the other hand six faces possess six chloride ions at their center but each face
share with two unit cells therefore.

No. of chloride (CI') ions at face center = % X6=3
Total no. of chloride ions in each unitcell=1 + 3 = 4.

Sodium (Na*) ion determination: There are 12 edges of cube, each contains
one sodium ion (Na*). Also each Na* ion on the edge of cube is shared by four (4) unit

cells therefore.

No. of @lu lrﬂch edge = i x12 =3.

No. of ion o center of unit cell

Total Naf”ﬁw unit cell = 3+1=
3. Give a brief accotin metallic solid
Ans) Me X
electron Il

”\

and become posmvely charged megla
theMselves in a three dimensiohakemstal Iattl
'_M"_ | gummmmg

@‘@ @-@ @-@
IOl oJo)o)

metallic bonding in atomic solids
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Characteristics properties: Some characteristics properties of metallic solids are
described below.

1. Metallic solids are identified by their malleability and ductility.

2. Metallic solids are looks like dull but when freshly cut, the inner layer appear
shiny. This property is known as metallic luster.

3. The electrical conductivity of metallic solids is due to the free movement of
delocalized electron in electric field.

Conduction of he
because they have aurique electron structure.
move throughout t rial, creating a "sea
along with the lization of electrons across the lattice, results in low electrical
resistance and efficient heat conduction. As a result, metals are excellent conductors of
both heat and electricity.

4. What is meant by polymorphism? How it is related to allotropy. Give your
answer with examples.

Ans) Polymorphism: The phenomenon in which a substance under different
conditions can exist in more than one crystalline structure is known as polymorphism.

Relation between allotropy and polymorphism: Allotropy is limited to pure—7
elements only. It defines as "The existence of the same elements in two or more
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different crystal structures having the same chemical nature but different physical
properties”. Polymorphism is defined in this manner as well.

Example 1: Carbon exists in two crystalline allotropic forms one is called Diamond
which has a cubic geometry while other is Graphite in which the geometry of crystal is
hexagonal.

Example 2: The two important crystalline allotropic forms of sulphur are:

1. Rhombic sulphur (a-sulphur)
2. Monoclinic sulphur (B-sulphur)

at ordinary
noclinic sulphur.

Rhombic sulphur is a yellow octahedral crystalline form. It is sta

temperature but d gently above 95.5°C, it changg, i
The transition dy f Rhombic and monoclinic sulphu,i
-~

Rhombic Sulphur

Monoclinic

Rhombic and monoclinic sulphur at transition temperature
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5. Molecular solids are soft and possess low melting point, how can you justify
this statement.

Ans) The statement that molecular solids are soft and possess low melting points can
be justified based on the characteristics of molecular solids:

1. Weak Intermolecular Forces: Molecular solids are composed of individual
molecules held together by relatively weak intermolecular forces, such as London
dispersion forces (Van der Waals forces), dipole-dipole interactions, and
hydrogen bonds. These forces are much weaker than the strong covalent or
metallic bonds found in other types of solids.

2. Low Melting Points: Because the intermolecular fo in molecular solids
are weak I tively little energy to overcome rces and transition
| o

the soli As a result, mole
points compared to other types of solids
disrupte ase in temperatur
3. Softne ﬂ Rlar solids also te
intermolecular forces allow the individug
rel

|I
eaS|Iy eforma Ie texture
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Chapter 7: CHEMICAL EQUILIBRIUM

Multiple Choice Questions:

1. Choose the correct answer

(i) In the equilibrium system of PClsg) = PClzg) + Cly), the correct relationship between
Ke and Kp is:
(@) Kp > Kc (b) Kp < Kc (c) Kp = Kc (d)=e =1

Ke

(ii) The equilibrium of which of the following reaction would not@ected by an

increase in pres .

(a) PClygy) = PCl3 Gl I “b) INO)+ Clyg) 2 2NOGlg
(©) Nyt Oy = 2NO ™ T 7 Hd) 2805t Oy =280,
(i) What happe lue of Kc when a gat J
equilibrium?

(a) It dec

reases (b) Itincfez
WORE!N! 332
HE N

(v he correct Ksp expression

(c) It bec

is:
(a) Ksp=[Li"][C,07]

(c) Ksp=[2Li"][C,07]

(v) If the equilib xpression of a reversible reaction is

[cP
 TAIB]

The balanced equilibrium equation should be:

C
2C

(@)C = A+B (b) A+ B
(€)2C = A+B (d) A+ B

s
=
—
=

(vi) The equilibrium of Ny + Oy = 2NO(g (AH= +ve) is affected by change in:

(a) Temperature only (b) Pressure only

(c) Both temperature and pressure (d) Neither temperature nor pressure
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(vii) In the reaction Ag) + B(g) = 2C(g), the equilibrium constants Kp = Kc because:
(a) An>1 (b) An <1 (c) An =1 (d) An=0
(viii) The term active mass use in law of mass action means:

(a) No. of mole (b) No. of molecules (c) mole perdm3®  (d) gram per
dm3

(ix) NaCl when added to an aqueous silver chloride solution:

(a) Decreases the solubility of AgCI (b) Increases the solubility of AgCI

(e) Forms a clear solution (d) Does not effect 2
(x) Some reactidﬂiw“ly to completion in the forward ditection and identified by

their

»
(a) Very high v. (b) Viery It ‘ f: of K
(c) Very high vZﬁﬂin ry lowsve

Key:

Write down the
reactions.

)

Hy + 50y T======4NOg+6H,0,
i) 2N, 05(g) 3 > 4NO+ 302

Solution:

To write an equilibrium expression, we should have the balanced chemical equation. All
products given in the equation should be placed on numerator each separately in square bracket
while reactants on denominator. Then finally raise the concentration of each substance to the
power of its coefficient in the'balance chemical equation.

N e [NOJ* [H,0]*
© K= NET 08
i) K.~ NOL IO

N.O5
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Example 7.2

An essential step in contact process is the oxidation of SO: to SO;.
285035+ Oy)< 2803,
If in an experiment, there are 5 moles of SO2, 4 moles O; and 2.8 moles of SO; present at

equilibrium state in a 2dm? flask. Calculate Kc.
Solution:

Since equilibrium moles of all components in the reacting mixture are given, we first convert
them into molar concentration and then put into equilibrium expression to find out Kc.

5
[S02]eq= 5=2.5 mol/dm’

4
o2 dDIN >
2.8 o
[SO3]eq= = ‘ "
“'vnreaction may be writfer r‘ }
k A

_[s05P
K~ o o

<O RENT
&
\)
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Example 7.3

Ethyl acetate is an ester of ethanol and acetic acia commonly use as an organic solvent.
CH;COOH;+ C,H;0H;, =——===CH;CO0C,;Hs;+ H,0,

In an esterification process 180g of acetic acid and 138g ethanol were mixed at 298K and

allowed to start reaction under necessary conditions. After equilibrium is established 60g

of unused acetic acid were present in the reaction mixture. Calculate Ke.

Solution:

180
Moles of CH;COOH =~ = 3 amfbe

1
Moles of C:HsOH = % —*3 moles
3 CMH(I)'*‘ CzHSOH(I) < — C@CZHSU)*' HzO(l)
Initial _ 3
Equilibriuﬁr 3x
But awthbnuFunenc acid is 60g whicll igi
B-x=
And (
X
Now subs

[CH,COOC,Hs| [H,0]
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Example 7.4

Nitrosyl chloride is a yellow coloured gas prepared by the reaction of NO and Cl; gases.
2INO(+ Cly) 3 > 2NOCl,
If at certain temperature, the partial pressure of equilibrium mixture is

NO = 0.17 atm, Cl; = 0.2 atm and NOCI = 1.4 atm, Calculate Kp
Solution:

The equilibrium expression of the given reaction is written as
2
(Pnoci)”

o (Pno)? (Pcy,)
Substituting the partial pressure in equilibrium expression, we get é

(1.4)%

Bp = 0.17)?2 (o.zl 0 I""w'l

Example ™5

Kc for the given
A+ 3B

B

Solution:

Kc.oThe Tels
equilibrium or procee articular direction forfigé
The molar concentrationgof X, B and C can be ca
8

[A]= §=l 6 m
6
[B]= §=l .2 mol/dm
5
[C]= §=l mol/dm’
Qc expression of the reaction is written as
[CT’
Qc= 3
[A] [B]
Substituting these values in reaction quotient
oy
Qc= ) (1.2)3=0.36 ..

Since Qc < K, the reaction mixture is not at equilibrium but proceed from left to right to
increase the concentration.or product.
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Example 7.6

In the synthesis of nitric acid by Ostwald process, one of the important reactions is the
oxidation of nitric oxide to nitrogen dioxide.
2ANOgt Oyg) = === 2NO,,, (AH°=-114 KJ/mol)

Use Le Chatelier’s principle to predict the direction of reaction when the equilibrium is
disturbed by

(a) Increasing the pressure (b) Increasing the temperature
(¢) Adding O, (d) Removing NO
Solution:
To predict the effeet of each factor asking in the question we should apply Le Chatelier’s
principle individy
(a) Since 3 mo gases reacts to form 2 moles of g3
pressure s um to the right thus ‘

(b) The'negative sign of AH? indicates that fo

‘femperature ilibrium to the left thisi
{c) Adding mo ﬁcc reaction mixture shifid
will produce?

(d) Removing

PbCIz, FC(OH):;.
Solution:
First we illustrate thigba equation of ionic eqili
and then write the K pression.

4 3 +2 s
CaSOy) = Caaq NS Oitag) Ksp = [Ca”’] [SOF]
PbClys) # Pbiey+ 2Chaq) Ksp=[Pb™’] [CT |2
Fe(OH), ) = Fe(u+ 30Hjq Ksp = [Fe"’] [OH?
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Example 7.8

Silver sulphate (Ag.SO;) is used for medicinal purpose to fill wounds. Its solubility in
water at 25°C is 1.43 x 10 mol/dm®. What will be its Ksp.

Solution:

First write a net ionic equation of AgaSO4 tonote the number of coefficient of each ion. Then
put the values of ionic concentration in ksp expression.

— ”
Ag,S04;) ————m 2Ag(+aq)+ SO&W
The ionic concentrations of 2 moles g™ and 1 mol SO are illustrated as
[Ag']1=2 % 1.43 x 10 =2.86 x 10 mol/dm*

[SOF] = 1.43 x 107 molidu®

Now inserting these vafues-in ksp expression é
Ksp=[Ag IS

Ksp = [2.86.% o
Ksp = 1.17 x 107 mor/

‘l‘he Ksp
atomic
So!ution S
This problem is exactly reverse fro

known Ksp value. Fm y ¢d
Zn(OH),.

Ksp=[Zn"] [O

Since there are two hydroxide ions for every zinc ion, we may rewrite the expression as
Ksp = [X] [2X]*

Ksp = 4x*

2.1 X 107" = 4%
PIx®
T-X

X =3.74 x 10*® mol/dm® _
To get the solubility in gram/dm’, find the molecular mass of Zn(OH): ‘which is
654+32+2=994
374 % 10%mol _ 99.4g
X
dm” mol

Solubility = = 3.717 x 10™*g/dm’
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Example 7.10

A solution is prepared by mixing 600ecm? of 7.5 x 10*M BaCl into 300cm’ of 2.4 x 10°M
Na,SOy. Will a precipitate of BaSO4 form when equilibrium is reached?

(Ksp of BaSO4 = 1.1 x 107" mol/dm®)

Solution:

To solve this problem, first we determine the concentration of Ba*? ions and Sﬂl Z'on in the
total volume of the mixture i.e. in 900cm®. Then determine ionic product (Qspj and finally
compare it with ksp value of BaSOj to decide whether precipitate will formior nov

3 600
[Ba*?]=7.5 x 10“M 900 x 10™*M
[S0Z]=24 % 10°M () = § x 10*M é
Now substitute centrations into ionic produet expres
Qp=[Ba™][ |

Qp=[5x10%][8 x 107] = 4x 107

But ksp of Ba$S
Because Qg > k tes of BaSOy4 will be
hort @
- MORENFSS

(i) Reversible reacti

Ans)

(i) Reversibler In some chemical m

can react together ce the original rea6tan
reversible reac

(i) Chemical equilibrium: Chemical equilibrium is a state in a reversible reaction
where no net change in the concentration of reactants and products occur with time.
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2. Write expression of Kc and Kp for the following reversible
reactions.

(i) ZNOg(gﬁ* ?Hz{g) = 2NH3(EJ+ 4H20[g]

Ans)
(i)
Kc = [NH5]*[H,0]*
Kp
(i) n
[H,0 [S
12[

KC = T si210,

KM

Define solubility prod

(b) Write

BaF, . Li,C o@o

(a) Solubility product: Solubility product (Ksp) of a sparingly soluble salt may
define as "the product of molar concentration of its positive and negative ions each
raised to the power of its coefficient in ionized equilibrium equation”.

3, Ag3POy4

(b) First we illustrate the balance equation of ionic equilibrium to find out coefficient of
each ion and then write the Ksp expression

BaF,(s) 5 Ba*? (aq) + 2F (aq) Ksp = [Ba*’] [F ]

Li,C204(s) = 2Li*(aqg) +C.0; *(aq) Ksp = [Li*]? [C.02™]
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MgCOs(s) = Mg*?(aq) + COs *(aq) Ksp = [Mg*?] [COs7]
AgsPOy4 (s) = 3Ag*(aq) + PO4° (aq) Ksp =[Ag']® [PO47]

4. Using Le-Chatelier's principle, explain three ways in which yield of SO3 can be
increased in Contact process.

2809(g)+ Oaqg) = 2803, (AH = -ve)
Ans)

(i) Effect of Concentration: If more sulphur di oxide (SO>) or oxygen (O,) is
added at equilibrium, according or Le- Chatelier's principle, the equlibrium is shift

(O2) and as a re !WM oncentration of Sulphur tri oxide
(i1) Effect of re: Formation offiS@ami ‘
equilibrium, te decreases than agca ‘ i
equilibrium shi:tFnHorward direction and mal
volume t t'i
direction

EEE

1. State Law 40
Ans) Law of ma %n: The rate at whict

reaction.
its active mass e rate of a chemical reaction is proportional to the product of the
active masses of reactants.

Derivation for expression of equilibrium constant (Kc): Consider a
general reversible reaction in which reacting species A, B, C and D exists in equilibrium
state at a certain temperature.

aA + bB > c¢C +dD

=

According to the law of mass action, the rate of forward reaction (Ry) is directly
proportional to the product of active masses of A and B.

Ry x[A]* [B]" or R&=K¢[A]* [B]®
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Similarly the rate of backward reaction (Ry) is directly proportional to the active masses
of Cand D

R, «[C]° [D]* or Ry=Kj, [C]° [D]*

Since chemical equilibrium is dynamic in nature representing the equal rate in both
direction (R; = Ry), therefore K; [A]? [B]°= K, [C]¢ [D]°

By rearranging this relation we get

K¢ [C° D)
Ky, [A]* [B]°

o Ki/Ky, will also be

At any g ture both K; and Kb are consta ®
constant and :J 1[“'ned as equilibrium A0t symbglized

This is known a[equtﬁm expressmn or ‘eguilibni
certain te ature

2. State Le-Chatelier's prlnC|pI

ier's principle usin

Ans)

Le-Chatelier's pri . -
pressure or te s applied to a syste i ilibFithaae
disturbed and t shlft in a direction to offset the effect of stress imposed”.

Industrial application of le chatelier's principle (Haber's process): The
synthesis of ammonia by Haber's process is an industrial application of Le-Chatelier's
principle.

—_—
Ng(g)'i‘ 3H2(g) -— 2NH3(g) (AH = -ve)

1. Effect of Pressure: In the given equation four moles of gases on the left side

and two mole on the right side, an increase in the pressure shifts the reaction on tb

right side and favours the formation of ammonia gas. Since a very high pressure may
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be dangerous for the process, an optimum pressure should be settled. The optimum
compromising pressure to a good yield of ammonia is 200 to 300 atm.

2. Effect of Temperature: As the reaction is exothermic (AH® = -ve), a decrease in
temperature shift the reaction to the right side and favours the formation of NH3 gas.
The lowering in temperature do favours the high yield of ammonia but on the other hand
it slows down the rate of reaction. The optimum choice of temperature on operational
level is 400-500°C.

3. Effect of Concentration Change: Increase in concentration of nitrogen (N,) or
hydrogen (H,) or decrease in the concentration of Ammonia (NHs) shift the reaction in
the forward direction and yield the maximum amount of ammoni

4. Addition o . Catalyst speed up the reactio @t effecting on
equilibrium po i ivided Iron is useg ; i

ammonia.

3. Give brief athﬂﬁommon ion effect.

Ans)
oo MORE!!
EEE

Definition: To decrease the sq
- 1
additie A1t Wit ®ne commonfio I“Sf“]lﬂon

S 2ug
||
Example: Consider tfte equilibrium settled wh *% f!ﬁl’i
is prepared in water. [ o u =
@ AgCly S o

If now we add some amount of a soluble salt like sodium chloride (NaCl) which has CI’
ion common to silver chloride. According to Le-Chatelier principle the increased CI ions
concentration in the solution produce a stress on AgClI equilibrium and to reduce this
effect satisfactorily the excess ClI ions reacts with some Ag" ions and shift the
equilibrium to the left and form precipitates of AgCI.

e

Application: Since common ion effect is related to the lowering in the solubility of
slightly soluble salt in the precipitation formation, it plays versatile roles in many areas of
analytical chemistry such as buffering of solutions, purification of salts, soap ~—~7
precipitation and other qualitative and quantitative analysis.
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4. Define equilibrium constant (Kc). How it helps in predicting the
(i) Direction of reaction  (ii) Extent of reaction.

Ans)

Equilibrium constant (Kc): For a chemical reaction, the equilibrium constant can
be defined as the ratio between the amount of reactant and the amount of product
which is used to determine chemical behaviour.

(i) Direction of reaction: Kc and reaction quotient are a very useful tool in
determining whether the reaction has reached to equilibrium, if not, in which direction it
proceed at that moment. The three possible cases are as follow

Case-1: If Qc dﬂ«lcus that the system proceeds fro @’right to a greater
rnati ~ ;

extent and the on of product is
reactants (denominator) is large relative to the

reaction quotieanBn.

Case-2: If Qc >Kc,Indi€ates that the systeq
extent and the rate of formation of reac}a
(denomin 11'('10
expressi

HEN
Case-3: If Qc = Kc, indicates
reactio irecti

(i1) Extent of reaction:
to which a chemical reacti

in the reaction path

Very large value of Kc shows that ratio of products to reactants at equilibrium is very
large and it infers that reaction is nearly to completion.

Very small value of Kc shows that the ratio of products to reactants at equilibrium is
very small and it infers that reaction proceeds hardly at all before reaching the
equilibrium.

Intermediate value of Kc shows that appreciable amount of both reactants and
products are present in the equilibrium mixture.

Prediction of extent of reaction at particular temperature:
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CHygyt Clyyy = CH;Cliyy+ HClg 1.2 x 10" | Almost go to completion
Nyt Oz = 2NO(y 4.5 x 10™" | Proceed negligibly
2NOsqg) = NaOyiy 43.44 Proceed moderately

Numerical Questions

1. At 444°C reaction of hydrogen and iodine is performed in a sealed 1dm? steel
vessel.

——
Hyg)t Iy = 2HIy,

If equilibriumd ains 1 mole of H»
Calculate librium constant (

and I,

Solution: F 0 n
convert t lar

Kc expression for the given reaction may be written as

_ [HI?
KC = T m
_ o
Ke=0m

Kc =49
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(b)

Ho + la@= 2HI(
Initial moles X X 0
Equilibrium moles 1 1 7

From this equation, we can see that for every mole of H, that reacts, one mole of I, is
also consumed, and two moles of HI are formed.

So, at equilibrium, we have:
e Moles of H; utilized = x - 1 é
e« Moles od 01“ -1 -
« Moles offi] 22(x-1)=2x-2 ‘
Now, we're giveF)‘oaHuilibrium, there are
an equation:
2x-2 =17 .
X :M#n Eli'ilal c\\
EEE

2.kead fluoride (PbFy) is a
refle s. Its solubiLif Vi at 25°

(A mass of P 07 19) E
Solution:
First write a net equation of PbF,, to note the number of coefficient of each ion.

Then put the values of ionic concentration in Ksp expression:

PbF2 (5) l—_r Pb+2 (aq) + 2F- (aq)

Solubility in molar conc. = 0.00237 mol/dm?

The ionic concentrations of 1 moles Pb*? and 2 moles F are illustrated as

[Pb*?] = 1 x 0.00237 = 0.00237 mol/dm?®
[F]=2x0.00237 = 0.00474 mol/dm?®
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Now inserting these values in ksp expression
Ksp = [Pb*] [FT?
Ksp = (0.00237) (0.00474)? = 5.3 x 10-8 mol*/dm”®

3. A solution of CaCOs is prepared by mixing 200cms3 of 2.4 x 10* M Ca(NOs), and
300cm® of 4.5 x 10* M K,COs. Will CaCOs precipitate upon cooling to 25°C if Ksp
of CaCOj3 at 25°C is 3.8 x 10~.

Solution:

To solve this pr e determine the concentratlon 0 1?‘
the total volu ﬂ rei.e. in 500 cm®. Then determine,iofic

finally compar lue of CaCOgs, tofdeci
[Ca*)] = f ﬂw 20 -96x10°
[COs? =45x1 xﬂ_oom

Qsp = [Ca

ion in
and

ons and CO5?
roduct Qsp

Now sub

But Ks

Because Qsp > ksp sprecipi
4. In an equilibri t
were injected

occur at 440°C il the equilibrium is formed. If Kc for this reaction is 49,
calculate the equilibrium concentration of Hy, I, and HI.

Solution:

Hog + la@= 2HI(
Initial moles 1.2 1.2 0
Equilibrium moles 1.2-x  1.2-x 2X
Equilibrium Conc. (1.2-x)/1 (1.2-x)/1  2x/1
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[HI]?

KC = T

(2x/1)*
49 =
((1.2-x)/1)((1.2-x)/1)

_ (@x?
49 = (1.2-x)2

4x2
1.44 — 2.4X + x2

49 =

70.56 — 117.6 X + 49 x° = 4x?

45x* - 117.6 x + 70.56 = 0
X = 0.93‘3lv01|“ é
At equilibrium: -
[Ho] = 1. 0.933 = 0.267 md
[I5] = 1.2Enﬁo.933 =0.267
[H ﬂree mb :
m(ﬁHE HEN

&
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Chapter 8: ACIDS, BASES AND SALTS

Multiple Choice Questions:

1. Choose the correct answer

(i) H2SOq is stronger acid than CH3;COOH because:

(a) It gives two H ion per molecule (b) Its boiling point is high
(c) Its degree of ionization is high (d) It is highly corrosive
(ii) Al,O3 is amphoteric oxide because it reacts with: é

(b) Base

(@) Acids J g ! “
(c) Both acids and bas

(iif) Which of thefollowingis not a Buffer solutio
(@) cmcoowfsutﬂa

(c) NH40O 4 ¢

(iv) wmcMeu ﬁrEe!it!i!n
)

(c) CaO

(v) Which of the f %ﬁes not alter the p

(2) NH,CI

(c) NaCl (d) Mg(OH)Cl
(vi) Conjugated acid of NH3 is:

(2)NH4" (b) NH,
(c) NH, (d) NH

(vii) Salt which is formed by the neutralization of weak acid and strong base is:

(a) NaNO3 (b) NH4CI

(c) Na,COg3 (d) NH4,CN
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(viii) Which of the following statements is not correct about the bases?

(a) They have bitter tastes (b) They have high pH value
(c)They react with acids to form salts (d) They turn blue litmus red
(ix) A conjugate acid base pair has the difference of only:

(a) One electron (b) One proton

(c) One electron pair (d) One proton pair

(x) Salt formed by neutralization of weak acid and weak base is:

(@) NH4ClI (b) Na,CO3 é

ower JOIN

Key:

(0.0025M)
ule of HCI, there is ont

[HCI]
or =0.0025M
Now using the formula of pH
pH = -log [H']
pH = -log [0.0025]
pH=2.6
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Example 8.2

Determine the pH of 0.1M NaOH solution at 25°C.

Solution:

NaOH is a strong base and it is assumed to be completely ionized in aqueous solution.
NaOH 3 > Na* + OH-
(0.1M) (0.1M)

Therefore the concentration of hydroxide ions (OH") is equal to the concentration of dissociated
NaOH.

[OH] =[NaOH] = 0.1M
Now applying the relation

pOH =-log [OH']
pOH = -log [0.1]
s 1)1

Since pH + p
pH=14-1
pH=13

The pH EE
Solution: EEE

Since pH=-log [H']
tilog of this equatic

[H]=1
[H*] = 10482 (Tak
[H']=1.51 x 10°M

Short Questions

1. Define pH & pOH of a solution? Also show that pH+ pOH = 14.

Ans)

PH: pH i.e. power of hydrogen or hydronium ion is defined as “Log of reciprocal of
hydrogen ion or hydronium ion concentration or negative log of hydrogen or hydronium
ion concentration”.

POH: pOH i.e. power of hydroxyl ion is defined as "Log of reciprocal of hydroxyl ion——=
concentration or negative log of hydroxyl ion concentration”.
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Prove of pH+ pOH = 14:
As we known
= [H30"] [OH] or [H'] [OH]=1x 10
Or
[H30*] [OH] or [H'] [OH] = 10
Taking log of both sides

log [H30"] [OHT] or log [H] [OH]= log 10

Using log propertie
log [HBJBJN] or log [H™] + log
log [H30"] + log [OH7] or log [H'] + log
Multiplying bothFi hegatlve

- log [H30™] - log [OH7] or -log [H 1 -AONG

MORE!!

{-log [H30']} - log {[OH ]}

- log
so above expressio

pH + pOH =
2. Why the aqueous solution of NH,4Cl is acidic and Na;COs is alkaline.

Ans) The aqueous solution of NH4Cl is acidic because it produces hydronium ions
(H;0") when it dissolves in water, while the solution of Na,CO? is alkaline because it
generates hydroxide ions (OH"). This is due to the acid-like and base-like properties of
their respective ions when they interact with water.
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3. Write down conjugate base of each of the following acids.

H,S04, H2S, NH4*, HCOOH

Ans)
Acid Conjugate base
H,SO, HSO*
H,S HS
NH," NH;
HCOOH HCOO’

4. What is meant by self-ionization of water? Write the exp@m of Kw. What is

its value at mel “N
Ans) Self-io ater: The reaction.in whieh
<

one of its protons to a neighbouring water molec
agueous solutio lled the self-ionization of

lonization Conhstan fWater(Kw)

= VORI

(Hence concentration of water is constant)

w = [HzO"][OH]]

Value of Kw at 25 °C: At 25°C, the value of Kw is 1.0 x 10™*,
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5. Write equation and indicate the conjugate acid-base pairs for the following:
(i) Acetic acid & ammonia (it) Hydrochloric acid & water

Ans)

() CH3COOH + NH3 = NH;" + CHzCOO

Conjugate acid: NH,*

Conjugate base: CH;COO"

(ii) HCI + H,O = H30" + CI”

Conjugate acid: HsO" é

Conjugate ba &

1. Explain Bronst y theory of acids jandiivases.
acid- base pair give examples?

w MOREN! AN
The BroMeg_owry €0 id

Defin

(protogenic) whereas base i pecies that accep
base reaction is the er, of proton from acid fo
Example#1l: onsider what happens$

water and under nization.

HClgy + Hy00) =—=—==2H30% 0 + C g
(acid) (base) (conjugate acid)  (conjugate base)

Since HCI donate a proton, it acts as an acid on the other hand water (H20) accept a
proton and serve as base.

Look at the reverse of this acid base reaction where hydroxonium ion (HsO™) react with
chloride ion (CI-). In the reverse reaction, HsO" act as conjugate acid while CI” ion

serves as conjugate base. Thus the equilibrium of the above reaction represents twe-—=
acids and two bases, one on either side of the reaction arrow.
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Example#2: Now see the ionization of ammonia in to water in the given equilibrium.

NH3z@g) + H0()3 2 NHihq + OHGq

(base) (acid) (conjugate acid)  (conjugate base)

Reaction in the forward direction shows that water gives up a proton (acid) and
ammonia accept it (base). In reverse phase of this reaction ammonium ion (NH,4 *) acts
as conjugate acid and hydroxide ion (OH") as conjugate base.

While studying above two acid base reactions it is interesting to note that water serves
as base when HCI is dissolved into it but acts as acid when ammonia is added.

Conjugate acid base pairs: A conjugate acid base pair r@nts two species,

one on the left s r on the right side of equation W ifference of one
proton. '

Consider the reaction of H>S and NHa.

NH3(€W)

To identi SE pai
between réton

losing a proton. Thus H,S and H

+, NHj
{Brons (Bronsted
base)

T

Bronsted Acid Bronsted Base ——= Conjugate Acid Conjugate Base
HCN + H,0 —— H;0* + CN-
CH;COOH  + NH _ NH} +  CHC00~
H,0 + H,0 — H,;0" + OH-

HBr -+ F= _— HF + Br~
H,0 + co;? T—— HCO3 + OH
HSO; + C07;2 @ —= HCO3 + 5032
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2. Define the process of hydrolysis. Explain the behavior of each of the following
salts in aqueous solution. (i) KoCOg3 (ii) (NH4)2SO4 (iii) NaNO3

Ans)

Hydrolysis: The reaction of cation or anion of the salt with water to produce
hydrogen ions (H") or hydroxyl ions (OH") and change the pH of solution is known as
hydrolysis.

(i) Behavior of K,COag: Itis the salt of weak acid and strong base. The cat ion which
comes from strong base does not react further with water. The anion which comes from
weak acid reacts with water and undergoes hydrolysis to give alkﬁe solution having

pH more than 7. @
lj 0 I “ 0w = 2K _

CO32%+ 2H,0 =

€ Q3.+ 20

(i) Behavior(E aﬂ Oy4: Itis the salt gf E‘.. ida

of these salts ¢ trong acid and e dee

ion whmhmeﬁoh El‘bi mtergct aie ‘
INES,SO.0e

than 7.
(iif) Behavior of

> n
cation and anion strong base and
undergo hydro@@ ence the pH of their & .
NaNO3) = Na+(aq) + NO3'(ag)

3. What is Buffer solution? Explain how it resists the change of pH by adding
small amount of acid and base. Give the applications of buffer solution.

Ans)

Buffer solution: Buffer solution is a mixture of a weak acid and its conjugate base,
or a weak base and its conjugate acid. It resists the change in pH and can keep it for
long time. ~
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Buffer Action: To understand how a buffer works, let us consider the ionization of
acetic acid-sodium acetate solution.

CH3COOHy, - 2 CH3C00" ug) + H'ag)
CH3COONay, > CH3COO- (aq) T N3+lﬂql

~

Both acetic acid and sodium acetate provides CH3COO" ions, however CH3COO" ions
comes from CH3COONa (strong basic salt) are in high concentration.

When small amount of an acid is added to this buffer solution, the most of the H+ ions of
acid combine with excess acetate ions (CH3COO- ) of the solution to form acetic acid.

CH3COO oy + H'py ——— cmcoé
Thus a very slﬂlgmin the PH is observed.and wesSaythat pH
practically unchanged.

When small am se in added to thig

combine with HFI0 buffer to form watg
shifts to the right to produce more H" ions til

er pH is resie

neutralizeehand the etiginalib

Jih?
\

HEN
\ )
“\

-4

CHCOOH &

9 — Na

CHsCOOH

Buffer action of an acidic buffer

Application of Buffer solutions:

1. Buffer solution plays a very significant role in biochemical system. For example
pH of our blood is maintained at 7.3 to 7.4 due to bicarbonate and carbonic-acid_=
buffer.
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2. Buffer solutions are widely used in industrial processes such as fermentation,
dye processes and manufacturing of pharmaceuticals.

3. Buffer solution is used in agriculture to maintain the pH of soil for proper crop
yield.

4. Buffer solution is extensively used in analytical chemistry and pathological
laboratories.

5. Buffers are also used in foods industries to maintain the pH of various food items
in order to preserve their flavor, appearance and micro-biological stability.

4. Describe Lewis theory of acids and bases. What are the advantages of this
theory over Lowry Bronsted theory?

Ans) 2&
Lewis defind> !ﬂjs and bases: ' GNLLewi
substance that'accept lectron pair wheréagybase

electron pair".

Example#l: Erneﬂ Lewis concept, hyd

accepts electron pair. Similarly hydroxide i O iﬁ i

electron. u
EgampIM ﬂ/ﬂ E.!e!n!ol \ -

due to electron deficiency,

although have their comple
donate hence they s as Lewis base.

L
X
eN x H Cl—Al— N—H
- - |
Cl H Cl H
{Lewis acid) (Lewis hase) iAdduct)

Advantages:

1. Broader Applicability: Lewis theory covers a wider range of reactions,
including non-aqueous systems and covalent compounds.
2. Electron Pair Perspective: It defines acids as electron pair acceptorsW

bases as electron pair donors, providing a fundamental understanding of electron
transfer.
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3. Coordination Chemistry: Explains the formation of coordination
complexes, where metal ions act as Lewis acids.

4. Predicting Geometry: Helps predict molecular and complex ion geometries
based on electron pairs.

5. Organometallic Chemistry: Essential in organometallic chemistry for
understanding metal-ligand interactions.

5. What is salt? Explain Acidic, Basic and Neutral salts?

Ans)

Salts: Salt is a substance produced by the reaction of acid and ﬁe. It consists of
positive ion of base and negative ion of acid. @
Neutral Salt Wﬂs “: are formed by neutralizati acid a
base. Since both cation and anion comes fro

ULy D ; G
respectively, th dergo hydrolysis anc r F
remains 7. UH

Example: NaCl, K;SO4, NaNO; etc.

rsoc W GRBUL
The anion of these salts comes?r

ho
having

Example: When NH;C

—c
H4Cl(s) Ndda an
NH; + H,0 =———=NH,0H + H*

Other examples of this type of salts are (NH;).SO,4, CuCl; etc.

Basic salts: These salts are formed by neutralization of weak acid and strong base.
The cat ion which comes from strong base does not react further with water. The anion
which comes from weak acid reacts with water and undergoes hydrolysis to give
alkaline solution having pH more than 7.
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Example: Sodium carbonate when dissolved in water it gives basic solution.

Nazwjm — 2Na(an + CO3%aq)

€032 + 2H,0 =———= H,C0; + 20H"

Other examples of this type of salt are CH3;COONa, NaHCO3 etc.

Numerical Questions

1. A solution is made by dissolving 14.8g HCI in water at 25°C. If the volume of
solution is 750 cm® and HCl is assumed to be completely ionized, calculate its pH.

Data:
m = 14,
V =750 cm® = 750/1000 = 0.75 dm®
=" FOR

Solution:

MOREH N

0 405 _
Molarity = 2 = = =

HClI =

0.54M 05

[H7=0

pH = -log [H']
pH = -log(0.54)
pH=0.267
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2. The hydroxide ion concentration in an antiseptic solution at 25°C is 3.5 x 10
M. Calculate its pH.

Data:

[OH]1=3.5x10*M

pH="?
Solution:
pOH = -log [H']
pOH = -Log(3.5 x 10™) é
> JOIN
pH + pOHR =14 -

pH + 3.4E n
pH = 10.
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Chapter 9: CHEMICAL KINETICS
Multiple Choice Questions
Choose the correct answer:

(1) For a hypothetical reaction x+y —> z, if the conc. of x is double, the rate increases by square
and if the cone, of y is doubled the rate increases by twice. The experimental rate law of this

reaction is:
(@) R=K[x]* [yl" (b) R = K [x]'[y]®

(c) R =K [x]* [y]' (d) R =K [x]* [V]Zé
(ii) The unit of rdﬂl“) for the first order reaction is: _

(a)s™ )) concls™

(c) conc.ts F 0 n

(iii) Rate constant of a reaction is affected by

(a)Conc. OMIBH E ' "
EEE

(c) Temperature

(iv) The p i emical fea
(a) Equilibrium consta
(c) Activation energ
(v) The overall ordenof reaction to which the rate law is R=K:

(a) Zero order (b) First order

(c) Second order (d) Third order

(vi) lonic reactions are classified into:

(a) Slow reaction (b) Moderate reactions

(c) Fast reactions (d) Reversible reaction

(vii) The decomposition of H,0, is inhibited by:

(a) 2% ethanol (b) Glycerin



(c) MnO, (d) V205

(viii) The best alternative term for the velocity of reaction is:

(a) Rate of appearance (b) Rate of disappearance
(c) Average rate (d) Instantaneous rate
(ix) Order of reaction is the power to which concentration of reactant is:

(a) Lowered (b) Raised

(c) Stopped (d) Constant

(x) In the reactioaﬁn Iv“te of disappearance is written as: é
dA ‘ |

(@) 5 b
dB

KEY:

i.c
Vi.

Example 9.1

Nitrogen dioxide igan"air pollutant gas. The r
the following equa

INOyy ———» )ey + Ozg
In an experiment the initial concentration of NOy was found to be 0.35 mol/dm®. What
was the initial rate of this reaction if the rate constant at experimental temperature was
1.8 % 10° mol/dm?.s.

Solution:

Since decomposition of NO; is of second order reaction, the rate law is written as

Rate = K [NO;

Rate = 1.8 x 10° [0.35]

Rate = 2.2 x 10* mol/dm®.s




Example 9.2

The initial rate data obtained in a series of experiments while working on the oxidation
of nitric oxide to give nitrogen dioxide is given in the following table. Determine its rntp
law and find the order of reaction.

NO + O, — NO;

Solution
(i)
also doubl
R« [A]

“HRET S

R=K[A]'[B]'

and deduce the tmi
Solution:
Since decomposition of SO,Cl; is governed by first order kinetics the rate law is written as Rate
=K [SO,Cl;]
Now the unit of rate constant (K) is obtained if we put the units of concentration and unit of
rate of reaction in the rate law.
K = mol/dm?.s

mol/dm?
K=s1

nf rate constant.




Example 9.4

In the reaction ZSO;E&QS& + O3, the rate law of the decomposition of SO; is

R = K[SOs]% What will be the rate if concentration of SOs is (i) doubled (ii) halved
Solution:

By considering the rate law, the rate of reaction is determined as

(i) When the congentration of SO; is doubled, the rate will increase by [2]? = 4 times

= 2
(i1) When the concentration of SOj is halved, the rate will decrease by E] = %time.

Short Questions

1. Define the following:
(a) Rate of reactid 0 I “
(c) Order of reaction

Ans)

concentrati r a itggimae.
(b) Velocit I;E:/!r iti
concentration of products or decrease j

(c) Orde
the rate law is called order of rea

(d) Rate constant: It i
the reactants in a che

(0]

2. The rate law of thé\geaction 2NO + Br, = 2NOBr is given as Rate= K [NOJ*[Br,], What is the order of

reaction?

(i) With respect to each reactant. (ii) Overall reaction.
Ans)

The reaction 2NO + Br, > 2NOBr follows the mechanism:

(1) NO +Br2 = NOBr, (Fast)
(2) NOBr, + NO - 2NOBr (Slow)

The rate expression is derived by step Il of the mechanism, as it is the slower one

rate =k [NOBr;] [NO] .......... (i)




However, NOBr, is an intermediate and thus its concentration should be replaced from equation (i)

From step (1),

Equilibrium constant, K. = %
[NOBr;] = Kc [NO] [Bry] ......... (ii)

Then by equation (i) and (ii)
rate = k’ [NOJ? [Br;]

Overall order of the reaction =1+2 =3

3. How can you defjpe ord action? What are the units for the rate c s of zero order, first
order and second Git ?

Ans) \ P‘
Order of reaction: Il the exponents of the
rate law is called ofder on.

Zero order [ ‘
First order [
Second order

4. Explains the following
(i) Powdered marble (Ca reaets quickly with hydrg

summer than in winter.

(iii) Reactants in solution reacts faster at high concentration.
(iv) Raising the temperature causes an increase in the rate of reaction.
Ans)

(i) Powdered marble (CaCOs;) reacts more quickly with hydrochloric acid (HCI) than a solid lump of

marble due to the significantly larger surface area of the powdered form. The increased surface area
allows for more frequent and effective collisions between CaCOj; particles and HCI molecules, resulting

in a faster reaction rate. In contrast, a solid lump of marble has a limited surface area exposed to the =
acid, leading to fewer collision opportunities and a slower reaction rate.




(i) Milk sours more quickly in the summer compared to winter due to higher temperatures in summer.
Warm temperatures encourage the rapid growth of bacteria and lactic acid-producing microorganisms
in milk, leading to faster souring.

(iii) In a solution, reactants tend to react faster when their concentration is high. This is because higher
concentrations result in more frequent collisions between reactant particles, increasing the chances of
effective collisions that lead to the reaction. The greater the concentration, the faster the reaction rate,
as described by the rate law for the specific reaction.

(iv) Raising the temperature increases the rate of a chemical reaction because it boosts the kinetic
energy of molecules. This higher energy makes molecules collide more frequently and with greater
force, increasing the chances of successful reactions.

5. Differentiate between t llowing é
(i) Rate of reactiJﬁI C ant (i) Homegene ¢ A

(iii) Positive catalyst and inhibitor

" FOR

r time, typically expressed as the ch

p‘,r'

Expressed in units like moles per ter/per second
(mol/L-s) or molarity per@ecofid (M/s).

Can change as the redgtio esses and
reactant concentratio nge.

Determined exper Ily by measuring changes | Determined experimentally by measuring reaction

in reactant or product*concentrations over time. rates at different concentrations and
temperatures.

(ii)

Homogeneous Catalyst Heterogeneous Catalyst

In a homogeneous catalyst, the catalyst exists in In a heterogeneous catalyst, the catalyst exists in a

the same phase (usually liquid or gas) as the different phase (usually solid) from the reactants.

reactants.

Catalyst molecules are in direct contact with the Reactants are adsorbed onto the surface of the

reactant molecules throughout the reaction. catalyst, where the reaction occurs at the
catalyst's active sites.

Typically difficult to separate the catalyst from the | Easier to separate the solid catalyst from the




reaction products due to being in the same phase.

reaction products, making catalyst recovery more
straightforward.

Examples include homogeneous acid catalysis
(e.g., H2S04 in esterification) and homogeneous
transition metal complex catalysis (e.g.,
Wilkinson's catalyst).

Examples include catalytic converters in cars (Pt,
Pd, or Rh metals), catalysts used in industrial
processes (e.g., iron in Haber-Bosch process), and
enzymes in biological systems.

(iii)

Positive Catalyst (Catalyst)

Inhibitor

Increases the rate of a chemical reaction.

Decreases the rate of a chemical reaction.

Facilitates the reaction by providing an alternative
reaction pathway with lower activation energy.

Hinders the reaction by ipterfering with the
reaction mechanism orreducing the effective
concentration of reataf ts.

Present throughou t nd actively
participatesinre
Increases the rate stant (kjin the rate

equation.

products.

tion, which can be
at specific step.

Follows a specific rate law'e
determined experimentallyfor

The reaction orde espect to each reactant
can differ from one elementary reaction to
another within the same reaction mechanism.

The reaction order is determined by the
coefficients in the overall chemical equation and is
constant for the entire reaction.

Can be unimolecular (involving a single molecule),
bimolecular (involving two molecules), or
termolecular (involving three molecules),
depending on the collision of reactants.

Typically does not specify the molecularity of the
reaction, as it represents the net result of multiple
elementary reactions.
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Chapter 10: SOLUTION AND COLLOIDS

Multiple Choice Questions
1. Choose the correct answer
(1) Only one pair of liquid in the following set does not obey Roault law, identify it:
(a) Methanol and Ethanol (b) Benzene and toluene
(c) n-Hexane and n-heptane (d) Ethanol and Acetone

(ii) Identify the incorrect statement about colloidal solution:

L/
(a) It shows Tﬂﬂlu (b) Its particles movement is Brownian type
(c) Its particle size nlnm h)ulissphyS 8 : i

translucent

(iii) Effect of preEunge play significant fole

(a) Solid into liquid

(c)GasirMLonE"'
HENE

(ivjWhich is not a colligative

(a) Loweri (b) Ele

(c) Depression in fre€zing point

(v) According to R law the relative lowering.@

(a) Mole fraction ofisolvent (b) Mole fraction of solute
(c) Molality (d) Molarity

(vi) The sum of mole fractions of components of a solution is equal to:
(@) 0.0 (b) 1.0
(c) 10 (d) 100
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(vii) How many moles of NaOH are present in a 2dms3 of 1 molar aqueous solution of it.
(a) 0.5 mole (b) 1 mole

(c) 1.5 mole (d) 2 mole

(vii) A colloidal solution of liquid into liquid is known as:

(@) Gel (b) Foam

(c) Sol (d) Emulsion

(ix) An example of completely immiscible liquid pair is:

(a) Benzene to to“ﬁi “ (b) Water and @

(c) Water and

(x) A 15% W/W KOH solution can be prepare

(a) 15g water F 0 n

(c) 100g water

Example 101

6.24g caustic sotla (NaOH) is dissolved in water and the solution is made to 100cm? in a
volumetric flask. Determine the concentration of this solution in term of molarity.
Solution:

. S Moles of NaOH

Molaritg afSolKiion = —oop - oF Suintion (der)
e G440

Molarity of Solution = 100/ 1000

Molarity of Solution = 1.56 mol/dm?
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Example 10.2

Anaqueous solution of 1.2 molality is prepared by dissolving some amount of oxalic acid
into'475g water. Determine the mass of oxalic acid in the solution. (molecular mass of

oxalic acid is 126 g/mol)
Solution:
.. moles of solute (oxalic acid )
aiity mass of solvent in kg (water)
|9~ Mass of oxalic acid

126 x 0.475

mass of oxalic acid = 1.2 x 126 x 0.475 =71.82g E
Example 0.3

45g glucose dist in_72g water to make

glucose and wa lution.
Solution:
First we determine the number of moles of gl

MORE!t
Mole frazon
g 0

No
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Example 10.4

Calculate the molality of a 12% urea solution (molar mass of urea is 60g/mol)
Solution:

(i) 12% urea solution represents 12gurea in 100g solution thus the mass of water is calculated
as

Mass of water in gram =100 —12 = 88g

. B8
Mass of water in kg ﬁm =0.088kg

(ii) No. of moles ofurea =
molar mass of urea
12
No. of moles ofJ:nl -I!Z moles é
SR Tl of urea _
(lll)}Mdﬂllty :: mass of water (kg)
Molality of ureaF(Bnﬂ mol/kg

In the anil

mass of urea

We know that

amount of sol\w
1
m= x10%=6.34
o 10° mg

Thus concentration of magnesium ions in water = 6.34ppm
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Example 10.6

Glucose is a non volatile solute in water. A glucose solution contains 0.15 moles glucose
and 5.8 moles water at 20°C. Determine the lowering in the vapour pressure if the vanour

pressure of pure water at 20°C is 17.5 torr. (Assume solution is an ideal)
Solution:

First we determine the mole fraction of glucose.

ng+ m
Xy= —58 g, 15=00252
Now applying second form of Raoult law
AP=P° X;
AP=17.5x0.

AP = 0.441 torr

The vap
liquid B
Hg. Calculate the mole fraction ok

P, =33mm Hg
Xy =?
Applying the r
Py = P;"XA
Ba

Xy = -;:———0 89
Pa

ip of Rauolt law
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Short Questions
1. Name various units of concentration and explain mole fraction.
Ans)
Various units of concentration:

Percentage Composition
Molarity (M)

Molality (m)

Mole Fraction (X)

Parts per million (ppm)
. Parts perppi
7. Parts per|tri :
Mole Fraction (X): This unit is used when r"'
the solution. It i tnf number of moles of ne co

A,
components of $ol

o0k wnNE

moles of substance A

XA:M"RE"
of al

The sum [

For example if a solution is
fraction of methanol

il
both methanol and \wa e get unity.

Xmethanol + Xwater = 0.2+ 0.8 =1
2. Define Molarity and molality. Which of these depends on temperature?

Ans)
Molarity (M): Itis the number of moles of solute dissolved per dm? of solution.
Molality (m): Itis the number of moles of solute per kilogram of solvent.

e Molarity is temperature dependent while molality not.
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3. Explain on particles bases how the vapours pressure of solution is lowered by
adding non volatile solute.

Ans) Adding a non-volatile solute to a solvent reduces the vapor pressure of the
solution. This happens because the solute particles disrupt the normal process of
solvent molecules escaping into the gas phase. As a result, fewer solvent molecules
vaporize, leading to a lower vapor pressure in the solution compared to the pure
solvent. This phenomenon is described by Raoult's Law.

4. What are miscible and immiscible liquids? Why n-hexane (petrol) is immiscible

in water?
g(er in any proportion

Ans)

Miscible Li ﬂ]iule liquids are those that can mis
to form a hom tion. ‘
Example: An lepaf miscible liquids is et

they form a singl€, :

are liquid
separate i

separate

The reason of n-exane (petrol)is i
is immiscible in w use it is a nonpola
difference in pélaci d intermolecular forces preve s 0 Xing, causing

them to separateinto distinct layers when combined. This immiscibility is due to the "like
dissolves like" principle in chemistry.

5. Solubility of oxygen in water increases with pressure but solubility of glucose
in water has negligible effect of pressure why?

Ans) The solubility of oxygen in water increases with pressure due to Henry's Law,

which states that gas solubility is directly proportional to gas pressure. In contrast, the
solubility of solids like glucose in water is minimally affected by pressure because R
pressure changes have little impact on the solubility of solids in liquids, which is mainly = E‘]‘i”k ._
influenced by temperature and the nature of solute-solvent interactions. e
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Descriptive Questions

1. State Raoult's law and derive its mathematical expression

Ans)
Raoult’s law:

Statement: For a nonvolatile solute system it states as "the vapours pressure of a
solution which is a made up of nonvolatile solute with volatile solvent is directly
proportion to the mole fraction of solvent".

Derivation: é
Here P s vapours pressure [0
pressure of solvent is the mole fractio
o mn n E<
EEN

Equations(i esents the second for W W
lowering of vapo essure is directly proportional to the mole fractlon of solute.

AP _
=

AP . . . .
Here 50 IS referred as relative lowering in vapours pressure.

Eq. (iii) represents third form of Raoult’s law which states as the relative lowering
of vapours pressure is equal to the mole fraction of solute.
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Raoult's law is also applicable on a binary solution made up of two miscible volalite
liquids having similar order of polarity and molecular size. The partial pressure of each
liquid in the mixture is equal to the vapours pressure of pure component multiplied by its
mole fraction and may be written as

PA = POA XA and PB = POB XB

Thus the total pressure of solution is equal to the sum of partial pressure of both
liquid in the mixture.

Py =P° Xa + P% Xz

Jn m(”mm) Vapours

Solvent .
u m
o
*
" n
Vo o s r e of fa Rolmensy tio

2. Wha s? Gi
between ideal and non ide lution.
Ans) %
Ideal solutio ideal solution, in the context of chemistry, refers to a

homogeneous mixture of two or more substances (usually liquids or gases) in which the
behavior of the mixture closely follows Raoult's Law.

Example: Example of liquid pair which form ideal solution on mixing are methanol
ethanol, benzene-toluene etc.

Characteristics to distinguish between ideal and non ideal solution: To
distinguish between ideal and non-ideal solutions, you can look for the following four

characteristics: ~_>

1. Raoult's Law Deviation: In ideal solutions, the observed vapor pressure
closely follows Raoult's Law. In non-ideal solutions, there may be deviations from
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Raoult's Law, with vapor pressures either higher (positive deviation) or lower
(negative deviation) than predicted by Raoult's Law.

2. Interaction Forces: In ideal solutions, the intermolecular forces between like
molecules (e.g., solvent-solvent and solute-solute interactions) are similar in
strength to the intermolecular forces between unlike molecules (e.g., solvent-
solute interactions). In non-ideal solutions, there can be significant differences in
intermolecular forces, leading to deviations from ideal behavior. For example, if
solute-solute interactions are stronger than solvent-solute interactions (negative
deviations), the solution may have lower vapor pressures than expected by
Raoult's Law.

3. Heat of Mixing: Ideal solutions do not exhibit heat effects upon mixing; there
is no heat absorbed or released. In contrast, non-ideal ns can exhibit

either en ic(heat absorbed) or exothermic (hea sed) behavior upon
mixing,&ﬂln the nature of intepmoeleculars
4. Composition Range: Ideal solutiops'& araGie

solubiliti ixing occurs witho

ideal sol have limited solubi
significant property deviations. In so

: DfMﬂEEInd n o

0osSmosis.

Ans)
semipermeable membrane
higher solute concentration.

Osmotic press is the pressure exertedsa
semipermeable rane to equalize the solute concentration on both sides of the
membrane.

Daily life examples of Osmosis:

1. Due to bacterial infection or certain other reasons, swelling and bursting of RBCs
takes place in blood stream. This biochemical process is known as heamolysis.
Literally, heamolysis is endo osmosis during which water pass through semi
permeable membrane of RBCs and destroy them.

2. Fresh water fish absorb water through their semi permeable skin because their __, :
body fluid is much saltier than the water in which they swim.
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3. Although plant absorbs water through their entire surface including root, leaves
and stem, however it mainly occur by root hairs through the process of osmosis.

4. Food after digestion in various region of alimentary canal change into chyme
which then absorb into body tissues through the semi permeable wall of small
intestine.

4. What are colligative properties? Why does the boiling point of a liquid get
raised when a non volatile salute is added?

Ans)

Colligative properties:

Definition: Ceitai igal properties of solutions depend
solute particlealn ﬂs chemical nature, these are
properties. ‘
Examples: E lowering of vapo
depression of freez t and osmotic press
Elevati iLi j '
EEE

salute:
1. Reduction of effecti

molecules occu

that the effecti

compared to,that.i

2. Redu N ,
of a compoepent is directly related to its concentration. In this case, the reduced
effective concentration of the solvent at the surface results in a lower vapor
pressure for the solvent in the solution compared to the vapor pressure of the
pure solvent.

3. Higher Boiling Point: The boiling point of a liquid is the temperature at
which its vapor pressure equals the atmospheric pressure. Since the vapor
pressure of the solvent is reduced in the presence of a non-volatile solute, the
solution will need to be heated to a higher temperature to reach the vapor
pressure necessary for boiling to occur. Therefore, the boiling point of the
solution is elevated.

S~———
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5. Differentiate among true solution, colloidal solution and suspension on the
bases of

(i) Particle size (i) Visibility
Ans)
Characteristic True Solution Colloidal Solution Suspension
Particle Size <1 nanometers 1 nanometer to 1 > 1 micrometer
(10°° meters) micrometer (10°° meters)
(10 to 10°® meters)

Visibility Transparent and

Jam e
Numerical Ques]

1. Automotive Et”enis a 60% (w/w) agpe

Data: EEN

% (w/w) aqueous

@) Molality of so

n=7
Mole fract&%fene glycol =

Solution:

(i) 60% aqueous solution of ethylene glycol (C,HgO,) represents 60g ethylene glycol in
100g solution thus the mass of water is calculated as

Mass of water in gram = 100 - 60 = 40g

Mass of water in kg = =0.04 kg

1000

mass of ethylene glycol

(i) No. of moles of ethylene glycol =

molar mass of ethylene glycol
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No. of moles of ethylene glycol = % =0.97 moles

moles of ethylene glycol

('”) MOla“ty of solution = mass of water (kg)

0.9

Molality of solution = ﬁ = 24.25 mol/kg

(b)

First we determine the number of moles of ethylene glycol and water from their given
masses

Moles of water = n; = g = 2.222 moles é
Moles odrnrls“col =ny= 3 =0.97 moles o~

2. A solution isfpr by mixing 469 €

== MORE!! A

Mass of ethanol = 46 g

Mole fraction er =¥xX;, =7
Mole fracti f nol=X,=7?

Solution:

First we determine the number of moles of ethanol and water from their given masses

180
Moles of water = n; = = - 10 moles

46
Moles of ethanol = n, = e 1 moles

nq 10

nq{+ np 10 +1

=0.909

Mole fraction of water = X; =

Mole fraction of ethanol = X = - Tn = 101+1 =0.090
1 2
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Chapter 11: THERMOCHEMISTRY

Multiple Choice Questions
1. Choose the correct answer:
(i) Least entropy found in which of the following state of water:
(a) Liquid water at 4°C (b) Liquid water at 25°C
(c) Steam at 100°C (c) Steam at 100°C

(i) The energy corresponds to the given thermochemical process is labeled as:

(a) lonization egrﬂ I “

(b) Lattice ene

(i) Which of thFln:Ehange is not an enoc u

(a) Decompositi@n '

(c) Combusti b

(iv) Heat MME'J!bIe
HENE

(a). Open system

LIE:Q‘)+ CTI(g) B — LJ‘:CI(S)

(c)Iso

(v) Which of the followihg_ent
(a) Enthalpy of formati
(c) Enthalpy o ion d) Enthalpy of reaction

(vi) Standard enthalpy of formation of all of the following elements at 25°C and 1 atm
pressure are zero except:

(a) C(diamond) (b) c:(graphite)
(C) 02 (d) NZ

(vii) In the equation of First law of thermodynamics (AE = g + w), the property(s) which
depends upon initial and final state is (are):

(a) AE (b) q
()W (d) Both g and W
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(viii) Which statement is incorrect:

(a) For constant pressure process, AH = AE + PAV
(b) For constant volume process, AE = q

(c) For exothermic reactions, AH > 0

(d) For Hess law ZAHC¢ycie) = 0

(ix) In a thermochemical process, no work is done if the system is kept at:

(a) Constant temperature (b) Constant pressure
(c) Constant volume (d) Constant mas
(x) Volume is a: é

(a) State functd 0 I “ Jaeiiog

(c) Intensive properties

Key:

() d

(Vi) a

A gaseous chemica ion is carried out
pressure of 1 atm. ing the reaction volumie
the piston upward. Calculate the workdone anthexpresssi

Solution:

Since the work done’in an expansion process has negative sign, the equation of pressure volume
work should be W =—PAV.
Work = — PAV

Work =~ 1 atm (5dm* — 3dm?)
Work = -2 atm dm®

But | atm dm?® = 101.325J, hence
Work =-202.65] = —0.20265KJ
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Example 11.2

Burning of petrol in an automobile engine gives carbondioxide and water vapours. If the
gases do 675J work in pushing the piston outward and the system lose 435J heat to the
surrounding, calculate the internal energy change in kJ.

Solution:

Since heat is given out, the value of q is taken with negative sign. Likewise s_ig“n‘\of"w is also
taken negative because work is done by the system.

q=-435]

W =-675]

AE=7?

AE=q+w
AE = (- 435) + (
AE=-1110J I“ :

AE =- 1.11KJ

of combustion gf P .-.;ﬁ Ng *

Calculate the enthal
o MOREIE €
AH; of COz) = —393.5K]/m

AH; = —-285.8
Solution:

The mathematical fo@n f reaction AH"
Hr n ={ (z np AH; (produ®
Substituting the :
Al = [(—393.5 X 3) + (—285.8 ﬁAY}J— [(-103.9 X 1)]
BH,ogetion = —2219.8K/[/mol
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Example 11.4

Calculate the standard heat of formation of acetylene (C:H:) by using the data of the
following thermochemical equations.
Cis) + Oz —» COz(y (AH=-393.5KJ)) (i)
"z@ =3 %02(‘) _ “20(() (AH =~ 285.8 KJ) - (ii)
CzHag + 50z ——— 2C0, + Hz0p, (A =— 1299.5 KJ) = (i)
The desired equation is

2C(s) + Hzy ——» CzHyyy, (AH{ = ?) =e—eee (V)

Solution:
To determine AHy value of CaHa, we have to gencrate the desiréd, equation by manipulating
and adding eq. (i), (i1) and (iii) together in such a way thatall un ted substances should be

canceled.
In the desired equation (iv) we see that 2 moles of on and |

f H; are needed as a

reactant, this can v multiplying equaticfzﬂgb 2, ns that AH® will also
be multiplied b
B, > N P :

7
Next, wescelhatC;H;isnecdedasaprodq&t,. OMTO THTE it
with changing thggsi 5 r
2C0; RS
Now sum up th ipt lgg‘”q i ) COt T :
three modified AH® values to Sl
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Example 11.5

Use the data provided below for the formation of RbCl, write thermochemical

equations for all the steps involved in the Born Haber cycle and determine the enthalpy
of formation of RbCl .

Sublimation energy of Rb,, = 82 KJ/mol
lonization energy of Rbyy = 403 KJ/mol

Dissociation energy of Clyy = 242 KJ/mol

Electron affinity o 48.5 KJ/mol é
Lattice energy KJ/mol
Solution:

Since, according to Hess’s law overall enthalpy @

zero, the sum u
Thermochemica
maybe written a

Rb(gy ‘#RD(Z)

Heat of formation of RbCl(s) may also be calculated by summing up the individual steps
involved in the following simple way:

AH; = AHgy -+ AH;e + SAHp + AHp, + AHpg - >
AH{ ppery = (82)% 1403) + (3 x 242) + (—348.5) + (—689)
AH;(RDCI) = —431.5 Kj/mol
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Short Questions
1. State precisely the meaning of each of the following terms.
(i) System and surrounding (if) State and state function
(ii1) Internal energy and Enthalpy
Ans)
(i)
System: Itis a distinct part of our universe which is under patrt@‘@f experimental

debate and separated from surrounding by an imaginary or re ce and can change
its shape or siz I ystem.

Surroundings: ing outside the arb ra

State oMﬂ:ﬂErl'd'na
macrosc oh asste

the change of one or more

State Function: A state f i
initial and final state e system and is indepe

(iii)
Enthalpy of a System: It defines as "the sum of internal energy and algebraic
product of its pressure and volume".

Internal Energy: The total energy content of a thermodynamic system under a given
set of conditions is known as internal energy.

2. What is meant by Internal energy change (AE) and Enthalpy change (AH)?
Under what conditions are AE and AH equal?

Ans) Internal energy change (AE): The internal energy change, denoted as\EEﬁ
(pronounced "delta E"), represents the change in the total internal energy of a system
as it undergoes a physical or chemical process.
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Enthalpy change (AH): Enthalpy change (AH), often referred to as the heat of
reaction or heat of reaction change, is a thermodynamic concept that represents the
change in enthalpy of a system as it undergoes a chemical reaction at constant
pressure.

e For the reaction in which one or more solids or liquids are involved, the value of
PAV becomes almost zero because solids and liquids undergo very small volume
change. Thus in this case enthalpy change (AH) will be equal to internal energy
change (AE).

3. How can you define standard enthalpy of formation and standard enthalpy of
reaction.

—l1] |
Standard e nj rmation: It de

chemical reaction in which one mole of a pure
with all substantfi Rtandard state”.
Standard entha reaction: ltis
complete
in their st

1. State and explai

n First
of a system.
Ans)

First law of t odynamics:

Statement: “In any physical or chemical process, the net energy of a system and its
surroundings must remain constant”.

Explaination: To develop the mathematical approach of the law let us consider a
system in its initial state having internal energy E;. If "q" be the heat supplied to the
system while W be the work done on the system, the internal energy increases to E..
Then according to the law, the internal energy change (E,-E;) may be formulated as

AE=q+w

The sign of 'q’ is taken positive if thermochemical process is concerned with heat
absorption but in case of heat release it is taken as negative sign. The sign of W should
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be taken negative for thermochemical expansion and positive if it undergoes
compression.

Derivation of Pressure-Volume Work Equation: Mechanical work due to
expanding or squeezing of a system at constant external pressure is known as
pressure-volume work.

Consider a gas confined in a cylinder fitted by a negligible weight, friction less
and movable piston of cross-section area A at a constant external pressure. If the force
exerted by the gas on the inner wall of the piston is greater than external pressure, the
piston moves upward from a height h; to h, and hence does some work which may be
formulated as

W=-F (hy-hy) ......... (1) é
Insertion sign indicates that external p eSS pposes the
expansion of '

Since P = F/A = F=P.A

rur=randoh]
NG RELL:

()]
pressure-volume work in thermodynamic
expansion process (a) volume at initial state (b) volume at the final state
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3. State and explain Hess's Law of enthalpy summation. Discuss its applications.
Ans)

Statement: This law states as “if a chemical reaction can be brought about in more
than one path way, the net enthalpy change is the same provided that the initial and
final states are the same".

Explanation: Let us suppose a substance A is converted to Z by two different paths
as illustrated in following figure. It may either change directly to Z in one step or by
involving some intermediate steps in which X and Y are formed. In both cases the total
enthalpy change remains the same.

AH
Path-1=A —*» Z

Path2=A —ipX A @
Thus AH = AH,

(1) The deteri on of heat of reaction: There are two ways to calculate
AH? of a reaction. It either determined calorimetrically or calculate from known values of
AH®% of all the susbstances involve in the reaction. Hess's law provides us a convenient
way to find out the heat change involves in a chemical reaction by subtracting the sum
of heat of formation of all reactants from the sum of heat of formation of all products.

(2) The determination of heat of formation: Realizing the fact that
thermochemical equations can be added subtracted or multiplied like ordinary algebraic
equations, Hess's law is useful to calculate the heat of formation of many compounds
where an experimental determination is not possible.
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To understand how is Hess's Law useful in thermochemistry, look at the oxidation of
sulphur to sulphur trioxide.

Ss) + 302(9) —*S03(g)
Analyzing the reaction, we find that sulphur can not be directly oxidized into SOs;,
therefore AH® of SO3 can not be determined if we put sulphur and oxygen in a

calorimeter. The only option is to go for an alternative route which consists of following
two steps.

Step=1: Sie) + Oz¢qy——— SOy(q) (AH; = —296.8K] /mol)
Step—2: 502(9) + %Oz(g)—' 503(3} (AHZ = —992K]/m0€)

Thus the AH of SOz is indirectly determined by adding enthalpy change of step 1 and

step 2.
' 0 l OZ(Q‘} —PSOZ(Q) (AH; = —296,8f
+ 302 ——> 5@ N

+ 302(g) > S

4. Explain EonzraEd Endothermic rea

diagram.

Exothe ! thegmi
given out i l .
stored in the chemica ond-or @E\

argetically favorable and often OCGUIGS
energy Togetihen.staieddPHE"vesdl

represented by AH withra nega ign. m
Example: All combustiopfteactions including the burn g

Sui gas, etc are ex rmic reactions and ca
surrounding te ure.

C + 0, — CO; (AH=-ve)
CHy + 20, ——— > 2C0; + 2H,0 (AH =—ve)

Endothermic Reactions: Endothermic reactions (endo, taking in) are those in
which heat is put into the system making the surrounding colder. In these reactions
more energy is needed to break the bonds in the reactants than is released when new
bonds are formed in the products. Since heat is used for the reaction to occur, these are
referred to as non-spontaneous reactions. The net energy absorbed in these reactions
is represented by AH with a positive sign. ~—7
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Example: An appropriate endothermic reaction is photosynthesis during which plants
absorb solar heat through their chlorophyll parts and this heat is utilized for the
conversion of CO, and H;O into glucose.

2[:02 + 6H20 - C&leos + 602 (AH=+ VC)

Y L
Reactanis Produgts
= = 'y
E E
) : ) ;
B AH < 0 i E PAH >0
a $ [ ] i
= : = :
- & i
¥ Products :

Energy diagram of]
(a) exothermic reaction (b

1. A thermochemical process is carried

absorbs . Ir':rlth
volume ed. I
HEN

Data:

P = 8.52atm

AV =4.7d
AE =7
Solution:

W = -PAV = (8.52) (4.7) = -40.044 atm.dm? (Since work is done by the system)
But 1atm. dm® = 101.325 J

W =-40.044 x 101.325 = -4057.458 J = -4057.458/1000 = -4.057 kJ

AE=q+W

AE =15.4 + (-4.057 kJ) = 11.34 kJ
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2. Using the data in table 11.2, calculate the standard enthalpy change for each of
the following reactions.

2H3S(g) + 303y
F6203(S) + 3C0(g)

2H,0) + 250,
ZFB(S) + 3C02(g)

vy

Solution:

(a)

The mathematical form of heat of reaction AH®( is given as
AHCeaction = (Znp AH % product)-( ZNr AH % reactants))
AHCcaction = ((-285.8 X 2) + (-296.8 x 2))-( -20.17 X 2) é

AHC cactio kJ/mol
(b) Wlﬂ
The mathematical fi heat of reaction AHJ( IS
AHoreactioF ﬁ)nof(product))'(

reacﬂon - ( 393 5 X 3) - (( 110 5 X

Determine standan{za 9
H°% of NH3 .19 kJ/mol
AH® of y = 90.25 kJ/mol
AH®; of H,0() = 285.8 kJ/mol
Solution:
The mathematical form of heat of reaction AH® is given as
H® = (Znp AHfproducy)-( ZNr AH freactants))
H°=((90.25 x 4) + (-285.8 x 6))-(-46.19 x 4)

AH° =-1169.04 kJ/mol
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4. 1so octane (CgHjg) is an efficient fuel with a high octane rating. The combustion
of CgHyg in an internal combustion engine is represented in the following
thermochemical equation. Find its standard heat of combustion.

Calygeey + 1220509 8COyg) + 9H,0( (AH; = ?)
Given that AH°% of CO, =-393.5 KJ/mol
AH® of H,0 = -285.8 KJ/mol
AH® of CgH1g = -223.8 KJ/mol
Solution:

The mathematical form of heat of reaction AH®( is given as
reaction fproduct)-( ZNr AHeactants)) é
AH® reactJ 0':" 8) + (-285.8 x 9) :
®reaction = -5496.4 kJ/mol
5. Glycerol (QEﬂﬁ:/ell known organ
Calculate the stan thalpy of formé

below.

3Cs + 4

Solution:
C(s) + Oz(q)

Haw) + %

Multiply equation (1) by 3
3C(s) + 302(9) —> 3CO0O, () (AHO =-1180.5 kJ/moI) ....... (4)
Multiply equation (2) by 4

4Hpg) + 202 () —> 4H20 () (AH® =-1143.2
kJ/mol)......... (5)
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Adding equation (4) and equation (5)

3C(s) + 4Hy@) + 502q) —> 3CO; g + 4H.0 ) (AH® = -2323.7
kd/mol)......... (6)

Subtracting equation (3) from equation (6)
3C(s) + 4Hpg) + 505q) — >  3C0; (g + 4H20()  (AH° =-2323.7 kd/mol)
- C3HgOg(y - 7/2 Oy ———> - 3COy - 4H:0; (AHC = +1654.1 kd/mol)
3C) + 4Hy) + 3/2 02y —> C3HgO3py  (AH’%: = -669.6 kJ/mol)

6. Draw a fully labeled Born Haber cycle for Rubidium chloride (RbCI) and
determine the lattice energy by using the following values. (alt in kJ/mol).

e |.Pist0 mol

o ElectrOJﬂi =-349 kJ/mol
e Bonde 2 =242 KJ/mol

e Sublima y of Rb =86.5 KJ/
e Heat of fFﬁﬁ)f RbCls) = -430.5
Solution:

The :;r( MUHE'C'(' is rep

Thermochemical equations associated with Born Haber cycle in the formation of RbCl
may be written as

Rb(s)ﬁ Rb(g) (AH (sub) = =86.5 KJ/moI)
Rb(s) ——> Rb+(g) (AH0(|E) 403KJ/mol)
1 Clyq —> Clg (AH% = % x 242 = 141 KJ/mol)
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Clg ——>ClI () (AHOEA = -349KJ/mol)
Rb+(g) + C|-(g)  — RbCl(s) (AHOLE = 7)
Rb + % Cl, ——> RbClI (AH® = -430.5 KJ/mol)

AHof = AHO(sub) + AHO(|E) + AHOD + AHOEA + AHOLE
-430.5 =86.5 + 403 + 141 -349 + AH° ¢
AHOLE =-712 KJ/mol

JOIN
FOR
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Chapter 12: ELECTROCHEMISTRY

Multiple Choice Questions
1. Choose the correct answer
(i) The outer body of dry cell serves as anode, it is made up of
(a) Copper (b) Zinc
(c) Lead (d) Iron

(i) The conduction of electricity through an electrolytic solution is due to the flow of:

(a) Electrons (b) lons

(c) Atoms d nlu

(i) During electrolysts, eaction that takes|p
(a) Oxidation

(c) Hydrolysis F 0 n
reduction

(iv) This Mﬂ (1 ':'for
(a) It can B]E EEEm
(c) de is made up of lea
lead oxi

(v) In Zn-SHE voltaic€ell, the half reaction oc€u
(a) Zn*? + 2e (b) Zn

(c) 2H* + 2@ H, (d) Hy

(vi) The strongest oxidizing agent in the electro chemical series is:

(a) Li (b) Hz

(c) Cu (d) F

(vii) Galvanized rode of iron is coated with:

(a) Nickel (b) Zinc

(c) Chromium (d) Carbon
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(viii) Fuel cell is a typical Galvanic cell which is based on the reaction between:

(a) Nitrogen and oxygen (b) Hydrogen and oxygen
(c) Methane and oxygen (d) Hydrogen and zinc

(ix) Oxidation number of Cr in Na,Cr,0y is:

(@)+3 (b)+6

(c) +8 (d) +12

(x) Which of the following half cell reaction show oxidation:

(a) Fet3 - Fet? () Cl, — 2CI™
(c) S0z% — s033 (d)Zn — Zn*?
Key:
()b

(vi) d

Determi
Solution:

compound is zero. Th

20+ 1) +2( Q[FO

S +2
(ii) Since sum of oxidation number of all the elements in a polyatomlc ion is equal to its net
ionic charge, we may determine oxidation number of Mn in MnOj ion in the following way.
Mn+4(0)=-1
(Mn) +4(-2)=-1
-8==1
Mn = +7
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Example 12,2

Balance the following equation by ion electron method.
HNO; + H;S — NO+ S+ H;0

Solution:
The skeleton equation is given as
HNO; + H;S ———» NO + S+ H;0
Step-1: Transform the molecular equation into ionic form:
H* + NO3 + H,S S— N0+S+Iﬁg

The oxidizing agent is the nitrate ion (NO3) since its nlgm atom undergoes a
decrease in oxidation state. The reducing agent is H;S since sulphur ndergoes an increase
in oxidation state, H,S could have been written as sulphide ion (S '@IZS is preferable due

to slight degree
Step-2: Splhit

oxidation and

03 » NO \
Rt
Step-3: Since acidic, oxygen ; ator ML
side and hydrogdll a lance by 4Hf ™G ag
NO; + 4H" —
In the 10ps”;
on the le

HS —» S+ 2H* + 2%
Step-§: Inorder o the electrons lost and gain, first partial equation is multiplied by 2
and Secona by 3.
2NO3 + 8H* + 68 — 2NO + 4H,0
3H,S » 3S+6H" + 68
Step-6: Cancel out the electron and add the partial equations.
2NO3 + 8H' + 68 —» 2NO + 4H,0
3H;S » 35S+ 6H* + 68
2NO3 + 3H,S + 2H* —— 2NO + 35 + 4H,0

This equation may be converted back to molecular form by combining NO3 and H*
ZHNO; 4+ 3H,S —— 2ZNO 4+ 3S + 4H,0
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Example 12.3

Balance the following equation in basic aqueous solution by ion electron method.
Cr(OH); + SO;2 — » Cro;% + so3?

Solution:
To balance a chemical equation, we first identify the elements which undergo m’t}wir
oxidation number. In the given equation Cr and S are undergoing oxidation n ge
Step-1: Split the given equation into two half reactions mentioning oxidation'hﬁf}cduchon on
the bases of cither the oxidation number of Cr and S decreases or increases,

Cr(OH)3 E— CrO;’ 2 (oxidation)

032 » SO03? (reduction)
Step-2: According to balancmg rule in basic medmm, we balance th¢ oxygen atoms of first
half equation by addmg 50H on left hand side and hydrom at re balanced by adding

4H,0 on right h
In second ha
hydrogen atoms are balan

3+ 50H ———» Eng“"

en atoms are balapesde WH o Wt hand

by adding H:O on
=2 + H,0
Step-3: Since t number of Cr hc :
equation are bal

Now add the two half
net balaneed ionic eq
2Cr

4+ 68+ 3H,0 ' :
2Cr 3+ 40H » 2Cr03;% + 3S03% 4+ 5H,0
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Short Questions
1. Define the following:

e Primary and secondary cell

e Oxidizing agent and reducing agent
e Redox reactions

e Oxidation and reduction

e Oxidation number

Ans)

Primary Cell: In this type of batteries redox reaction takes p. in only one direction
and cannot be J“&lﬁs these batteries cannot be reca or reused.
Secondary lls can be rechafgecsbysigversing

through the cell a source of external

Oxidizing ag ubstance which oxidi
reduced in the reaction iIs called oxidizing

Reduc MﬂBE!iL!:

reactions,

4Al + 30, —— 2Al,05 (Al is oxidized to Al,05)

Or

Removal of hydrogen

H,S + Cl; ———» 2HCl + S (H,S is oxidized to elemental sulphur)
Or

Loss of electrons

Fe ———— Fe*? + 28
Hgt———» Hg*?2 + &
§2——» S+ 2E
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Or

Increase in oxidation number

+1 +2

----------- Reduction cemmea

Reduction: Itis defined as

Removal of oxygen

2Cu0 —— 2Cu + 05 (Copper oxide is reduced to elemental copper)
Or
Addition of hydrogen
W + 3H,0 (Tungstg ed z ]
M 0 B E N

Oxidation Number: Oxidation number is an apparent charge on an atom in a
compound or ion. Its value may be positive, negative or zero depending upon charge of
combined atoms in the molecule or ion.
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2. What is meant by oxidation number? Determine the oxidation number in
following.

(i) Crin HyCrOy4 (ii) Sin K3S40¢6
(iii) Fe in Fe3O4 (iv) Cl in HCIO,4
Ans)

Oxidation Number: Oxidation number is an apparent charge on an atom in a
compound or ion. Its value may be positive, negative or zero depending upon charge of
combined atoms in the molecule or ion.

()2(+1)+Cr+4(-2)=0 é
(i) 2(+1) +4S + 6(-2) =
-+ FOR

(iii) 3Fe + 4(-2) = 0

~NMORE!N! N

(ivy(+1) + Cl +4(-2) =0 -
find g e =g
Cl=+ M =
%r/ *-n :
3. Define the term ard electrode potenti ydr ﬁe- elecirode, I

Ans)

Standard Electrode Potential: The electric potential developed on an electrode
when it is in equilibrium with 1M solution of its ions at 298K is called standard electrode
potential.

Standard Hydrogen Electrode (SHE): The Standard Hydrogen Electrode (SHE)
is a primary reference electrode used in electrochemistry to measure the electrode
potential of other half-cells in electrochemical cells.
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4. In the process of electroplating the item to be plated is made cathode, give
reason?

Ans) In electroplating, the item to be plated is made the cathode (negative electrode)
because it allows for controlled and precise deposition of the plating material onto the
object's surface. This arrangement protects the object from oxidation, promotes better
adhesion and bonding of the plated layer, and ensures efficient use of the plating
material.

5. What is corrosion? What causes it to form? What can be done to prevent its

formation?
@als get oxidized
as corrosion.

Ans)

Causes of cOrrosion: Key factors contridlitingsiese@rrosien inclug oresenee
oxygen and moisture, the influence of ions, te i i
metal's compos nmental condition

Corrosion: A spontaneous process in which surface atoms
(harmful oxides) t ction of surrounding medium i

Prevention against corrosion:

< NOREH:

HEN
lectroplating: Electropl
anot involving elec i

Vegetable oil, food angfjuice
as long as it remain ed, if scratched the
corrosion.

3. Alloying t n with other metals: If iron is converted to stainless steel (an
alloy of iron) it is protected from corrosion. Stainless steel beside iron contains 8%
nickel, 18% chromium and 0.18% carbon.

4. Galvanizing: The process of coating a thin layer of zinc on a metal is known as
galvanizing". Since zinc is placed above iron in ECS, it preferably oxidizes and
consumes rather than iron and thus protects the iron against corrosion. Galvanizing is
carried out either by spraying molten zinc on the surface of iron made material or by
dipping the iron sheets into molten zinc.
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ZnSO, (aq,)

Galvanizing of metal sheet

6. How can you define an electrochemical series? Give its prgerties.

Ans)

The EIectroJﬂIa“eries: A list in wik
Properties o hemical Series
series include:

potential of 0.00 V.
lements at the top

oxidizing agents).
4. It has practic lications in designing ¢
corrosion, asse€ssing redox reactions"

Descriptive Questions

1. (a) What is meant by electrode potential and standard Hydrogen electrode
(SHE).

Ans)

Electrode Potential:

Definition: The electric potential developed on an electrode when it is in equilibrium
with its ions is called electrode potential.

Representation: Itis represented by letter “E”.
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Types: Electrode potential is of two types

1. Oxidation potential

2. Reduction potential
Oxidation potential: The tendency of a substance to be oxidized is called its
oxidation potential.

Reduction potential: The tendency of a substance to be reduced is its called
reduction potential.

Standard Electrode Potential:

with 1M solution of its ions at 298K is called standard electrod ntial.

Definition: The electric potential developed on an electrode WhEn it is in equilibrium

Representati resented by letter “E®”.

Standard Hydrogen Electrode (SHE)

= 1 N
is a primary ref trode used in electfochem
potential of oth in electrochemical s

Standard Hydrogen Electrode i.e. SHE co

electrolytigallyyvvith fime!ypeivi platinu
enclosed nin i
supplied . r tentiak o

5 ]

H* +

Although SH
because

1. Itis diffi aintain the cone of HCI solution at 1M during use.

2. ltis difficultto maintain the pressure of H, gas at 1 atm during use.

3. Platinum get contaminated during use.

Hence secondary reference electrodes are used for determination of electrode
potentials instead of SHE. However the electrode potentials of secondary reference
electrodes are measured by SHE.
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The Standard Hydrogen Electrode
—> To the high resistance voltmeter

Hydrogen gas (H,(g)) M
atlatm < Platinum wire

(.qi— Platinised platinum electrode
covered in platinum black

NG| H

1M Hydrochloric acid solution é

- f o ﬂ

Measure of electfode potential of ce
potential ,|@ galvanic o ’
electrode Bd I)'el &
standard tions! eter e

rode to copper electrode, i
ntial is hi
potential of copper

electrod } i
@ E°cuicus2 = “0"8

Hydrogen gas (H,(g))
atlatm

Copper

T
electrode

Salt bridge
(satd KCl)

Permeable plug

1M Hydrochloric acid solution 208K 1M copper(ll)sulfate solution

Measurement of electrode potential of Copper
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2. Sketch a copper-zinc Galvanic cell, write the cell reaction and show the
direction of electron flow.

Ans)

Sketch of a copper-zinc Galvanic cell:

Copper strip

Zine strip

1 2\
(1u

Daoa)

Reaction: Th ell reactions and the

(aq}"'
*2 + 28 —» Cu4f

MURE..F\\

examplée

Here si ical line specifies the phase"bounda
electrolytic solut here as double vertical lines indicate salt brldge

Direction of electron flow: The direction of electron flow is from zinc to copper
electrode as shown in figure above.
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3. What is the difference between a primary cell and secondary cell. Sketch a
diagram of dry cell and explain its working.

Ans)

Characteristic

Primary Cells

Secondary Cells

Also Known As

Non-rechargeable cells

Rechargeable cells

Reusability

Single-use

Reusable

Lifespan

Limited (usually one-time
use)

Reusable, longer lifespan

Capacity Maintenance

Capacity degrades over
time

JOIN

Dry Cell:

Working: thﬂc&tarts working Zn ana
graphite cathodeé! MA® | reduces to Mn*%,j
-Zn."!+

2NH} + 2Mn0, + 28 ——» M

ReactioM

------
......
......
------
......
......
......
------

NH4Cl + ZnCh o

MnO:z + Carbon paste 777

......
......
......
......

nnnnnn

Graphite
(cathode)

Pastate

Structure of common dry cell

\
@
180 X107 €S

Zine Container (anode)

Porous Separator
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4. Balance the following equations by ion electron method.
(i) Cro07;2+1, — > Cr*+105 (acidic medium)
Solution:
Step # 1: Split the equations into two parts
Cr,0;2 —> cr®
[, — > 103
Step # 2: Balance all the elements except oxygen and hydrogen
Cr,0;? ——> 2cr*
l, ——>_ 2103

Step # 3: Balad 0'&“/ adding H,O

Cr,0;2 ———> 2Cr"™ + 7H,0

6H,0 +|2mﬂos'
Step # 4: Balanée h n by adding H*

Multiplying egn (i) by 5 and eqn (ii) by 3
30e + 70H" + 5Cr,0,2 ———>10Cr* + 35H,0

18H,0 + 3l,—> 6105 + 36H" + 30e”

5Cr,0;2 + 3l, + 34H" ——> 10Cr*® + 6105 + 17H,0
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(i) MnO,4 + SO32 ——> Mn*? + SO,? (basic medium)
Solution:

Step # 1. Split the equations into two parts
MnO,;——>Mn*?
SO3°—> S0,?
Step # 2: Balance all the elements except oxygen and hydrogen

They are already balance

Step # 3: Balance oxygen by adding H,O
MnOy,- "G4 4H,0 é
Step # 4: Balance hydrogen by adding H*
8H" + MrFa-ﬁ» Mn*?+ 4H,0
H,0 + SO3? —> SO,” + 2H"

Step # :minf!jﬂac

20H + H,0 + SO3?2

8H,0 + Mno%
20H + H,0

Step # 6: Balanc charges by adding e

5e” + 4H,0 + MnO, —> Mn*?+ 80H  ...... (i)
20H + S032 —>S042+H,0 +2e ....... (ii)
Step # 7: Cancel out the electrons
Multiplying eqgn (i) by 2 and eqn (ii) by 5

10e + 8H,0 + 2Mn0O, —————>2Mn*?+ 160H"

10 OH +5S03%2—— 5 550,72 + 5H,0 + 10¢"

2MnO, + 550372 + 3H,0 —> 2Mn*?+ 550,72 + 60H"
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(iii) MNO4 + CI'—>Mn*2 + Cl,  (acidic medium)
Solution:
Step # 1: Split the equations into two parts
MnO,;——>Mn*?
Cl—— Cl,
Step # 2: Balance all the elements except oxygen and hydrogen

MnO,——> Mn*?

2Cl——> Cl,
Step # 3: Balance Ojiien by adding H,O é

MnO4 H,O
2CI——> Cl,

Step # 4: Balaanan by adding H*
8H* + MnO,- Mn*? + 4H,0
20k 2 .

ser e RO BEL 2

5e- + 8H" + MnO4

Step # 6: Cancel out the electrons
Multiplying egn (i) w2 eqgn (ii) by 5
10e-+1 2MnO; ——> 2Mn*? + 8H,0
10CI'— 5Cl, + 10e
2MnOy + 10CI" + 16H" ———> 2Mn*? + 5Cl, + 8H,0
(iv) Cl, + OH — > CI- + ClO3 + H,O (basic medium)

Solution:
Step # 1: Split the equations into two parts
Cl, —CI’

Clzﬁ C|O3_
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Step # 2: Balance all the elements except oxygen and hydrogen
Clp——— 2CI
Cl——> 2CIOs
Step # 3: Balance oxygen by adding H,O
Cl,—> 2Cr
6H,0 +Cl, — 2CIO3
Step # 4: Balance hydrogen by adding H*

Cl, ———>2CI
6H,0 + Jﬁ 2CIO5 + 12H* é

Step # 5: Add |des according to

120H" + Fﬂ“g 2CI0s + 12H*

St

120H + Cl, @)3 + 6H,0 + 10e”
Step # 7: Cancel heyelectrons
Multiplying egn 5

10e” + 5Cl, ——— 10CI

120H + Cl,—> 2CIO3 + 6H,0 + 10e

6 Cl; + 120H —— > 10CI" + 2CIO3™ + 6H,0
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(V) MNO4 + C,042 + HY ———> Mn*? + CO, + H,0 (acidic medium)
Solution:
Step # 1: Split the equations into two parts
MnOs;——>Mn*?
C,0s2 5 CO,
Step # 2: Balance all the elements except oxygen and hydrogen

MnO,——>Mn™*?

MnO4 H,O

C,042—5 2CO;
Step # 3: Balance Ojiien by adding H,O é

C,0,24—> 2CO,

Step # 4: BalaanVQBn by adding H*
8H* + MnO, Mn*? + 4H,0

Step # 6: Cancel out the electrons
Multiplying egn (i) w2

10e +1

2MnO; ———> 2Mn*? + 8H,0

5C,0,?2 ————>10CO, + 10e”

2MnOy4 + 5C,042 + 16H" ——> 2Mn™? + 10CO, + 8H,0
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(vi) Fe*? + Cr,072 + H ———> Fe™ + Cr*® + H,0 (acidic medium)
Solution:
Step # 1. Split the equations into two parts
Fe+2 %Fe+3
Cr,0,? —> Cr*
Step # 2: Balance all the elements except oxygen and hydrogen

Fe+2 H Fe+3

Cr,0;2 ——> 2Cr™

Step # 3: Balad ﬂj“/ adding H,O
Cr207 m Cr 34 7H,0
Step # 4: Balan€e hydrogen by adding H*

Step # 6: Can electrons
Multiplying eqgn (i) by 6
6 Fe">—> 6Fe™ + 6e”

6e + 14H" + Cr,0,2 ——> 2Cr™ + 7H,0

6 Fe*? + Cr,0,2 + 14H" ——> 6Fe™ + 2Cr* + 7H,0
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