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Q.12 Why do the equilibrium constant value has its units for some of the reversible reactions bu?ﬁ
for some other reactions? "
Ans. i. if number of moies of reactants and products are equal, then K. has no units. e
Hag + hig 2H1
1mocl 1mol 2 maol
(M (moldm™)
K= = =No units
HIL]  (moldm™ moldm™)
li. 1 the number of moles of reactants and products are not equal.
N;‘vzH;‘, 2NHxg
£ mol 2 mol
NH, I g
B L) [m?: dm”’[ = mol dm*
N)H,F [mol dm?)imol dm ™}
' SELF-ASSESSMENT | (S Bl g0
Q1 _Encircle the correct option. _xesg

0

(n

(i)
(v)

(v)

{vi)

Consider the equilibrium 2Hyy + Oxg 2H;0.g. If the concentration of H,0y, is Im:rum'
the concentrations of Hyy, and Oz will: i

A. Increase B. Decrease. C. Remain the same. D. Change irregularty
For which system, does the equilibrium constant, K. has units of (concentration)*?

ANy = 3H, 2NH, B.Hy+ Iy =—= 2HI

C 2NO; == N:0: D. 2ZHF H;+F;

The exgression for Kc of the reaction: Ny + 3H; 2NH, is:

AINAGF [ [Na] + [HaP B [Na][Ha? / [Nm,]? C. [NHy] / [Ma][H)? D. [NH,J* / [N][H,)?

If the temperature of an exothermic reaction increases, then K.:
A Increases B. Decreases C. Remains same
For a saturated solution of a salt in water, a dynamic equilibrium is between:
A. The dissolved ions and the undissoived solid salt

B. The solute and the solvent molecules

C The sclid s2it and the water molecules

D. The hydrated ions and the water molecules in the bulk solvent

Which of the following condition will not change the equilibrium position?
A.Change in pressure B. Change in concentration

C Agding catalyst D. Change in temperature

D. Becomes zero

Write short answers of the following questions. (2x8=1§

m
]
(]
(i)
(v)
(i)
(vii)
(wili)

The gynamic equilibrium exists between water and its vapour at 100°C. Justify the statement.
Wiy ice 2t 0°C can be melted by applying pressure without supply of heat from outside?
Diffarantiate between macroscopic and microscopic changes with examples.

Mention the characteristics of chemical equilibrium.

Derrve the Kc expression for the reaction: 250; = 0, 250;.

Azply Le Chatelier’s Pninciple when pressure is increased in 3 gaseous system.

I the reaction is endcothermic, how does increase in temperature affect Ke?

Define dynamic equilibnum between two physical states with an example.

e——

Zatensive Questions. (2x4:8

(a)
(a)

Sy using Le Chatefier’s Prindiple, explain how concentration, pressure, and temperature changes affect equilbrun
Describe the industrial applications of equilibrium using Haber’s process.

scHO

.
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Student Learning Outcomes

After studying this chapter, students will be able to:

Define conjugate acid base pairs. (Understanding)

Identify conjugate acid base pairs in reactions. (Understanding)

Distinguish that Lewis acids accept lone pair, and Lewis bases donate lone pair to make a coordinate
covalent bond. (Understanding)

pefine mathematically the terms K_,pH,K, and pK, and use them in calculations. (K, and the
equation K_ =K, xK, will not be tested). (Application)

« Calculate H,  and pH values for: (Application)

« (a) strong acids (b) strong alkalis (c) weak acids (d) weak alkalies.

Calculate the [H,07] given the K, and molar concentration of weak acid. (Application)

« Apply the concept of the common ion effect to describe why the solubility of a substance changes
when it is dissolved in a solution containing a common ion. (Application)

s Calculate the pH of buffer solutions in given appropriate data. (Application)

e Construct an expression for K ;. (Application)

» Demonstrate the abllity to comprehend and effectively apply the concept of solubility product K.

(Application)

s  Perform calculations using K, values and concentration of a common ion. (Application)

s Calculate concentrations of ions of slightly soluble salts. (Application)

¢ Calculate K from concentrations and vice versa. (Application)

s Use the concept of hydrolysis to explain why aquecus solutions of some salts are acidic or basic.
(Understanding) .

s  Apply the concept of conjugate acid and conjugate base on salt hydrolysis. (Application)

s  Select suitable indicators for acid-alkali titration, given appropriate data (pKa, values will not be
used). (Understanding)

*  Perform acid-base titration to calculate molarity and strength of given sample solutions. (Application)

2 Differences between Common Acids and Bases

Sr.No. Acids Bases

y B Acids were first recognized as having sour taste. | Bases were first recognized as having bitter taste.

2. Acids change the litmus from blue to red. Bases change the litmus from red to blue.

3. | Acdds change the indicator "Phenophthalein”

from pink to colourless. from colourless to pink.

Bases change the indicator "Phenophthalein”

__with each otheﬂ: produce ionic substances called salts.

Note: Acids and bases neutralize each other and during neutralization, acids and bases react

- —
d} Interesting Information!

Acidity in our stomachs is due to excess HCL It is treated by taking mild bases such as, baking soda
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BRONSTED-LOWRY CONCEPT

—_—

Q, Describe the Bronsted-Lowry theory of acids and bases. Provide examples of conjugate acid-base Palr

and explain clearly their relationship.

The Danish chemist J.N. Bronsted and the English chemist T M. Lowry in
1923 independently expanded the Arrhenius theory of acid-base

r

Y

Y

Bronsted-Lowry Acid:

According to the Bronsted-Lowry concept, "an acid is the species
donating a proton in a proton-transfer reaction”.
Bronsted-Lowry Base:

According to Bronsted-lLowry concept, "a base is the species
accepting the proton”.

Example:

When HCL dissolves in Water:

When HCL dissolves in water, an H' ion (a proton) is transferred
from HCL 1o water, where it becomes attached to a lone pair of

electrons on the O atom and forms H,0". In fact, HCL (the acld)
has donated the H® and K,0 (the base) has accepted it.

B C‘\ml

Conugate base

.
HCL . H_O“] —

L

H,0’
Proton o Proton acceptor Conpgate scid
Conjugate Acid:

"A species formed after a Bronsted base accepts a proton from
the acid Is called the conjugate acid". The hydronlum ion (H,0°)
is the conjugate acid of water.

Conjugate Base:

"A species formed when an acid donates a proton to a base is
called the conjugate base”. HC/-C{ and H,0-H,0"are
conjugate acid-base pairs.

Example:

When NH; dissolves in Water:

When ammonia dissolves in water, proton transfer also occurs. An
H® from H,0 attaches to the N atom's lone pair and NH; and
OH™ are formed. With fewer H™, the water molecule becomes

OH on:

C 2 =
NH‘(|+H"0“| S OHI_JGJ * NH‘M:'I

Eane Acvd Conjeguie Luse  Conpgale Lave

—

—_—
The timitations of Arrhenius theery is thy
it describes the reaction of an acd angd
base only In the aqueous medium Thee,
are many reactions that occur in solveny,
other than water or in the absence of any
solvent Bronsted Lowry pointed oyt thay
acid-base reactions can be seen ag protan
transfer reactions and that acids and
bases can be delined in terms of this
proton (H*) transfer

——

—————

Note:

o Chigride lon (CL7) 1s indeed the conjugate
base of hydrochlorie acid (HCL) because
it Is the species thal remains after (ne
aad (HCL) has lost its proton

—

——
« ABronsted-Lowry acid 15 a proton dongr

e A Bronsted-lowry base B a proton
acceplor

@ Rack Your Mind!

Lin lh;.- reaction between HCL and
water, which species acts as the
tonjugate base?
A) HyO"

C) HCt

B ct
D) H:0

@ Rack Your Mind!

2. Conjugate acld-base pair differs by:
A) An elactron pair B) A neutron
C) An electron 0) A proton

In this case, H,0 (the acid) has donated the proton and NH, (the base) has accepted it. NH; =NH] and

H,0-0H are conjugate acid-base parr,

Amphoteric Substance: An amphoteric substance is a species that can act as either an acid and a base (it

can lose or gain a proton), depending on the other reactant.

H;0 is Amphoteric in Nature: H,0 is amphoteric in nature because it acts as a base in one case and as an

acid in the other (as shown in the above examples).
{ i

e Corpugalo s

HO + HO0—sHO + OH
wed Carprgate bave

t 1

sC
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application of Bronsted-Lowry Concept: The Bronsted-Lowry theory can be applied to acids in solvents
other than water or even solventless reactions. The reaction between gascous ammonia and HCL gives
solid NH,C/.

HCL () +NH , —NH,CE
HCL is an acid because in the reaction it donates a proton to the NH, molecule. The NH, acts as a base,

even though hydroxide ion OH™ is not present, and accepts a proton from the HCL molecule. Similarly,

-1;4 oy .‘,1- o
HCt + HO—s HO + Ct
tarn L

L ]

Table: Conjugate Acid-Base Pairs of Common Species
Acid Base Conjugate Acid Conjugate Base

HNO;, + H,0 . H,O. + NO;
HSO, + HO0 . H,0 + HSO,
HO + o] — HCO; ¢ OH”

LEWIS CONCEPT OF ACIDS AND BASES

——

Exerciss LO4

—

In 1923, G.N. Lewis proposed a generalized definition of acid-base
pehavior in which acids and bases are identified by their ability to accept
orto donate a pair of electrons and form a coordinate covalent bond.

.

»

'

Define the Lewis theory of acids and bases. How does this theory differ from the Bronsted-Lowry
theory? Give examples of Lewis acids and bases that do not involve proton transfer.

@ Rack Your Mind!

3. Why is BF; considered a Lewis acid?

Lewis Acid:
"A Lewis acid Is any specles (molecule or ion) that can accept a pair
of electrons”.

Lewls Base:

"A Lewls base Is any species (molecule or ion) that can donate a pair of electrons”.

A Lewis acid-base reaction occurs when a base donates a pair of electrons to an acid.

Example 1:

In the following reaction, each of two ammonia molecules, Lewis bases, donates a pair of electrons to a
positively charged silver ion, the Lewis acid. The sum of charges on the left side is +1, so the acid-base
adduct on the right hand side must carry a charge of +1:

-
! > % ¥
ZH—T: + Ag* — H—T—*AQQ—T—H
H H H
Lewis base Lewls acid Acld base adduct

Example 2:

The boron atom in boron trifluoride, BF,, has only six electrons in its valence shell. Boron atom has an
Incomplete octet. So it can behave as an electron pair acceptor. BF, Is a very good Lewis acid and reacts with
many Lewis bases e.g. a fluoride ion which Is the Lewis base In this reaction, donates one of its lone pairs’

¥ 1€ A
LA I .o -w l -
+F: + B—F: _— +F—>B—F.
LR I .. X l -w
tF: S F2
Lewis bass Lewis acid Acid base adduct
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The negative charge on the adduct is the sum of charges on the left hand side of the Equanom
sum of charges on the right hand side must also be -1.
Example 3: In the following reaction NH, has a lone pair on N-atom so it is a Lewis base (electrop Pair
donor) and boron accepts the lone pair and is a Lewis acid.

H F H F

| | I |

H—N:/-;‘B-F—v H=N'— DB -F
| | I |
H F H F
donor acceptor complex

l—-—--—-—-—-—-—-—-__-____,.___-—-_-—-—.-—----_-_-

| {F| Quick cHECK 9.1
! a) Identify the conjugate acid-base palrs in the following reactions:
|k HCN{" + H,Om ‘——‘H,O('“) +CN° ()
i Also write down the balanced chemical equation for the reactlon and explain
1 Ans. The conjugate acid-base palrs are:
1. HCN (acid) and CN- (its conjugate base)
HCN donates a proton (H*) to become CN".
2. H;0 (base) and H,0" {its conjugate acld)
H,0 accepts a proton (H*) to become H,0*

Summary of Pairs:

5 « Acid —» Conjugate base by
Bronsted Acid | Conjugate Base losing H*

HCN CN- s Dase —» Conjugate acid by
H,0 H,0* gaining H*

* il CHCOOH ) +H,0,) F=2H,0", +CH,CO0",

1
1
|
]
|
]
|
]
|
i
|
]
|
]
I
1
|
]
[
L]
Ans. Palr 1: CH,COOH (Acid) and CH,CO0" (Conjugate Base) |
« CH,COOH donates a proton (H') to become CH,CO0". i
= Acld: CH,COOH (acetic acid). . :
= (Conjugate Base: CH,COO" (acetate ion). |
]

|

[}

I

i

|

]

|

]

|

I

|

)

|

i

|

L]

|

]

|

]

|

|

[}

|

L]

|

L]

|

(]

|

(]

|

L}

|

L}

|

1]

! Pair 2: H,0 (Base) and H,0* (Conjugate Acid)

| « H,0 accepts a proton (H') to become H,0".

' = Base: H;0 (water)

| *  Conjugate Acid: H,0" (hydronium ion).

L}

| Hil. N,SI.)+H,0")._—_‘H,O (s) +HS (o)

; s. Conjugate Acid-Base Pairs:

- *  H;S (acid) / HS™ (Conjugate base): H,S donates a proton (H*) to become HS". [Acid: Proton (H*) donor )

| s  H,0 (base) / H;0" (Conjugate acid): H;O accepts a proton (H*) to become H,0°. (Base Proton (H)
' acceptor.)

| * Pairs differ by one proton (H*).

i Note: H,0" is the strongest acid here; HS™ is the weakest base

1
|
]
|
L}
|
]
|

iv.  HCL, +HCD:(-0 -,:.—"H,CO,M +Cly

Ans. Conjugate Acid-Base Pairs:
1. HCYcl
* HCL (acid) donates a proton (H*) to become CL" (its conjugate base).
2. HCO}/H,C0,
* HCO, [base] accepts a proton (H* l to become H.CO, tru conjugate acid).

——— - — - — - — - —- - — - — - e ———————— |

b) lden‘lify the Lewis acid and Lewis base in the reaction between:

(oHOLAR T CHENISTRY (12 297
'r-“";:;;'rﬁable R rdar A s e B oy m————
! Acld_| Conjugate Base |
| HEL |t
; H,CO, HCO;

)
|

50, and o*
| ﬂnﬁ palanced Chemical Equation:

' 50, 08— 502
Lewls Acid-Base Identification:

|
|
|
;
i
|
|

|
i,

I
|
|
|
|
|
|

1

2

1.
2.
3

b

A

. Lewis Acid: SO,

= Reason: S0, accepts an electron pair from O (its sulfur atom has an incomplete octet and is

electron-deficient),
. Lewis Base: O™

* Reason: O donates an electron pair 1o SO, (it has lone pairs available for bonding).
Mechanism Explanation:

50, (electron-deficient due to polar $=0

bonds) acts as the electron-pair acceptor (Lewis acid).

0' (a negatively charged ion with lone pairs) acts as the electron-pair donor (Lewis base).
The 0" attacks the sulphur in S0, forming a coordinate covalent bond and creating SO~ (sulfate).

50, is a classic Lewis acid (e g, in sulfuric acid production: $03 +H20 —»H2504 ).
0 is a strong Lewis base (common in oxide reactions).
HCLand H,0

| ans. Balanced Equation:

I . -

| HCl iy +H01p =0y +CL,
Lewls Acid-Base Identification:

Lewls Acid: H* (from HCL)

* Reason: Accepts an electron pair from H;0 to form H,0°.

Lewis Base: H,0

* Reason: Donates an electron pair to H* to form a coordinate covalent bond in H,0°".
Explanation:

HCL dissociates into H* (electron-pair acceptor, Lewis acid) and CL”.

H,0 (with lone pairs on oxygen) acts as the electron-palir donor (Lewis base), forming hydronium (H,0%).
il BF, and NH,

| Ans. Balanced Chemical Equation:

]

| B+ NH,—>H,N~BF,

Lewis Acid and Base Identification:

Lewis Acld: BF, (electron pair acceptor).

* Boron in BFy has an empty 2p orbital, making it electron-deficient.

Lewis Base: NH, (electron pair donor).

* Nitrogen in NH, has a lone pair it can donate.
Mechanism:
1 NH, donates its lone pair to the empty orbital of BF;.

2. Adatlve covalent bond (coordinate bond) forms between N and B.
Key Points:
BFy is a classic Lewis acid (no protons involved]).

NH; is a Lewis base due to its lone pair.

_ The product (HN-8F,) is 2 stable dduct. _
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IONIC PRODUCT OF WATER

* Pure waler Is a poor conductor of electricity but its conductance is measurable
*  Water undergoes self-ionization reversibly as follows,
Net Reaction:
@ Rack Your Mind!

4

01 +H:01) ==H0() + OH,)

H,0( ==H(,,) + O,

4. Why Is the concentration of wate,
consldered constant In the

expression?
The equllibrium constant for this reaction can be written as follows:
(H'][OH"] 8 ]
K, M,0] 18x10"" moldm
¢ The concentration of H;0 i.e. [H:0] In pure water may be calculated to be 1000 g dm-? divided by 13

1000 gdm™?
mol™* giving 55.5 moles dm™ i.e. ﬁ-g% =555 mol dm™

¢ As water Is present In very large excess and very few of its molecules undergo lonization, so ity

concentration remains effectively constant.

= Constant concentration of water Is taken on LH.S. and multiplied with K. to get another constan

called K.
K [H,0] = [H*][OH"]
or = 182107 % 555=1.01x10"" =[H'][OH"]
This 1.01x107" Is called K_ of water at 25°C.
K [H,0]=[H"][OH"]

As K[H;0] = KuSo, K, =[H'][OH ]=10"" at 25°C. Table: K stvarious |
is called loni f LTprraue,

* K, Iscalled ionic product of water or dissociation constant of water. Temp. (C) | Value of i

Kw of H,0 Increases with Increase of Temperature: 0 0.11x10"

* The value of K_ increases almost 75 times when temperature Is 10 0.30« 10
increased from 0°C to 100°C. 25 10107

For neutral water ® 300+10"

100 7.5%10"
(H) = (OH') =
Oor [H*)[H') = 10"

H'] = 107 (a1 25°C)
(H*] = 107 moldm™
And [OH"] = 107 moldm™ N
The effect of temperature on K. is shown in Table,
* Whenever some quantity of acid or base is added to water, then K, remains the same, but [H'])and
(OH™)are no more equal.
In case of addition of small amount of acid.
" [H*]>[OH"]
While in the case of addition of few drops of a base.
[OH™)>[H"]
s During both of these additions, the values of K., will remain the same, i.e. 107** at 25°C.

OLAR 2 CHEMISTRY (11%) 299

scH
PH AND pOH
-|n 1909, Sorenson, a Danish biochemist, introduced the term pH
and pOH 5o, the scales of pH and pOH were developed. @ Rock Your Mind!
y PH S. If the pH of a solution is 3, then Its [M°] Is:

“The negative logarithm of hydrogen lon concentration in
the solution is called pH."

pH=-log[H"|

A) 10" moldm™  B) 107" mal dm™*
€) 10" moldm™ D)3 moldm™*

& Interesting Information!

Solutions of negative pH and having values
more than 14 are also known

pOH:
~The negative logarithm of hydroxide lon concentration in
the solution is called pOH."

POH = ~log[OH")
for neutral water, pH= -log[107]=7
pOH= 405[10‘?] =
Also, pH+pOH=14

7

In all the aquecus solutions, the concentration
of H* and O~ are 100 low 1o be conveniently
expressed and used In calculations.

The value of pH normally varies between 0 —» 14 at 25°C.
The pH values of some familiar aqueous solutions are shown in Figure. This table can help you to
understand the acidic or basic nature of commonly used solutions,

Acidic Neutral Basic

MO 1w 10 10" 1w0° 10* w* 1w 10* 10* 10° 10" 10°
A 1 ! ! ' 1 1 1 1 1 T |

ME(ILU04). Uemonjuics  Coronstled Mk Blood  Bakingsoda '
09 (@H2224)  woter (pH3I9)  (GHB4) (PH74) OIM)EHEL)

.-;s;emau‘ “ua Vinegar Boar Scawater
WPH1G30) (pH2434) (pH4045) M 7083)
‘ I 1] L} I L L) T L LE T
pH 0 1 2 3 4 5 6 T 8 9 10 1" 12 13 14

Figure: pH Values of some common substances

Sample Problem 9.1
Inasolution, the pH Is 9.2. Determine the ionic product of water K, at 25°C.

Solution:

Calculate the pOH from the pH:
pOH = 14-pH
pOH = 14-9.2
pOH =48

Find the concentration of H' and OH™,
Taking antilog of pH and pOH
g antllog pH = antilog
[OH') =10-pH
[H] =107"?
[OH'] = 63x107°M
Similarly, antilog pOH = antilog (4.8)
[OH"] =10-pOH
[oH"] = 107"
[OH]) = 1.6x107*M
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Sample Problem 9.2
The ionic product of water at a certain temperature Is K, =1.0x 107" at 25°C, If the concentration of W

lons in a solution Is 1.0x10~"M, calculate the concentration of OH™ fons, the pH and pOH of the solution,
Solution:
Use the expression for K_ :

K, =[H"][OH")
Substitute the known values of K_ and the concentration of H™ :
1.0x107" = (1.0x107)(OH)
Solve for the concentration of OH™

1.0x107"

[OH") = ———-=1.0x10™"
1.0x10°
Calculate the pH: pH = —log[H"]
= -log(1.0x107")=7
Calculate the pOH: POH = —log[H)
= -log(1.0x1077)
Calculate K.
Ke = [H*][OH]

Kw = (6.3 % 10"%%)(1.6 x 10°%)
Ke = 1.008 x 107
This is the ionic product of water at a given temperature
‘-,----_-—-—-_-_-F":—----.--—-_.—-_---_-_-—-—.
{M] QuIcK CHECK 9.2 :
A solution is prepared by mixing equal volumes of two solutions: one with a pH of 4.0 and another:

a)
with a pH of 10.0. Calculate the K_ for this mixture at 25°C.
Ans. Given:

* SolutionA:pH=4.0— [H']=10"M

e Solution B: pH = 10.0 = [OH] = 10* M (since pH 10 = pOH 4).
Step 1: Mix Equal Volumes ’

* [H*] from A and [OH") from B neutralize each other:

H"+ OH —— H;0
e Result: [H'] = [OH"] = 10™* M cancel out, leaving neutral water (pH 7).
Step 2: Final pH
e The mixture is neutral (pH = 7.0) because the H* and OH" concentrations were equal and fully reacted.
Note on K.:
® K. =[H'][OH] = 1.0 x 107" (constant at 25°C) for all aqueous solutions, including this mixture.
Final Answer:

The mixture has:
e pH=7.0 (neutral).
e K.=10x10"(at25°C).

— S  — A S S M— S — . — . — — — — — - — - — - — -
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|‘b', “ At a specific temperature, the ionic product of water K_ Is 1.0x10™™ , If the tration of OH-lons |

ina solution Is 2.5x10™ M. Calculate the concentration of H" lons and the pH of the solution.
Ans. Given:

Ke = 10x 10
[OH) = 2.5x10*M
Ko = [H'][OH)
; K 1.0%107"
IH]= -J—-|=—-—-—n‘_ -,M
[OH)  25x10™* Ay
Calculation of pH
pH = -log [H'] = -log (4.0 x 10°7)

pH

6.40 (since log(4.0) = 0.60 and log(107?) = -7)
Final Answer;

]

|

1

|

]

|

]

|

L)

|

1

|

I

|

i [H] = 4.0x107M

. pH = 6.40

| Copper-plate etching solutions Is prepared by diluting concentrated HNO, to 0.30 M HNO,. Calculate
i [H*],pH,[OH"] and pOH of this solutions at 25°C.

; Ans. Given:

| » HNO; concentration: 0.30 M (a strong acid, fully dissoclates).

' ¢ At25°C:K.=1.0x10"M,

| since HNO; is a strong acid:

]
I
]
|
L)
|
[}
|
]
|
]
|

[H'] = 030M
pH = -log[H'] = -log(0.30) = 0.52
As pH+pOH = 14
) pOH = 14-pH=14-0.523=13.48
Final Results: pOH = -log [OH)
[H'] = 0.30M
pH = 052
[OH] = 3.3x10°%M
pOH = 13.48

g i i AT IO B

IONIZATION CONSTANTS OF ACIDS (K,)

Acids and bases, when dissolved in water, may or may not be completely dissociated. Many acids are weak
electrolytes and ionize to an extent which is much less than 100 %. The value of K, called the dissociation
constant of an acid, is the quantitative measure of the strength of the acid.
7 Mathematical Derivation of K,
Suppose we have an acid HA dissolved in water,
HA +H,0 == H,0" +A~
K. for the reversible reaction will be written as follows:
. o")AT]
¢ [HA]IH,0)

: @ Rack Your Mind!
6. What Is K, In acid-base chemistry?

[H,07][A7]
K: [Hlol o [H ﬁ]

Let K.[H,0]= K,

[H,0"][A")
il =t L
Hence K, A
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S Calculating HaO~ ions from Ky
The weak acds 6o "ot Sompietely dissooate ™ water. Thersiore e concentater of vdroomere ions s
2ot egqual to the Al concentraten of the a0d. So. e aQuiibrurs Sa0rESSOn $ LSS T Gaituigs "1
0" concentraton.
For 2 weak 3od HA, TN SISIOCITon (0 wEter S0 De teoreseeied a5
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inwater, ¥ combimes with water to form NO™

Lot the imitial conCantRtioN oF the wesk 20C SA De Ceoiem .
Al agudilryre

HO [=x{A'j=xand MAl=C-x

The expression for the acc SSsocetoncomsamt i) &
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|~ " Step 2: Define Fquilibrium Concentrations e
' Let ¥ o= M) = [NO,) at equilibirium
! Since HNO, b5 3 weak acid, its dissaciation is small, 46
| [HNO,) = 01-2=0.1M [assumingz < 0.1)
i Step 3: Substitute Into ¥, and Solve for x
L

K, = a-10*

|

L

I

[}

I

]

i I
| )

i W s 4010 |

I - Jd;]ﬂ‘ -)a]f]“-ﬁ“'llﬂ 1A i

[HO') = 632#210"M '

¢} A vinegar sample Is found to have 0.537 1A CH,CO0N. Its hydranium lon concentration bs foung "’h‘

[}

|

I

i

I

L}

386210 mol dm ', Calculate K, for acetic acld,

« Initial concentration of CH,COOM ([CH,COOM)): 0 837 M4

s Hydronlum lon concentration ([H,04][H,04)); 3 £6210-3 1A
Write the Dissoclation Equation
Acetic acid partially dissaciates in water
CHCOOH,, =
0.087 14 0 0
’ ‘

Mo,  CMC00,

|

]

Mt=0 !
At t = equilibrium 0.087 - x |
At equilibrium: .
[CH,COOH] = 0#37 - 386210 '

= 0833 moldm’ |

[H0°) = 386210 ' moldm’ '

[CHLOO) = 386210 ' moldm I

Caleulate K, i
Using the equilibrium espression: f
(M,0'][CH,CO0 | (386710 ") |
]

!

|

'

|

I

o 0413

[CH,CO0H)|

1.49-10°
0433

K, = %1.79-10"

Final Answer:
Ko 179410°

COMMON ION EFFECT i

Everca

Q. Discuss applications and implications of the common lon effect In varlous flelds,

Definition:
“The suppression of lonization of a weak electrolyte by adding a common lon to It Is called comman lon effect”,

S Applications of Common lon Effect
»  Purification of NaCL:

NaCL is purified by passing hydrogen chilaride gas through the saturated brine, Sodium chloride is fully lonied e
the solution. Equilibrium constant expression for this process can be witten as follows:
NaCly, === “ﬂp.,,d + CL',,,
[Ha®)J[CL )
e B ee—
[NaCL)

s W can suppress the ianization o 1
electrabgtn by commaon ion effert

B Give apgiications of camrman o8

HCL also lonizes in solution, eHfect. (any two)

A
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(i passing HC s, caneanteation ol CF long bs e ieased Therelore,

o Caprarein i oflact jg a0 agiplie sl
piaCl crgstallizes ol ool the sodutionn e anatidain e canitant valuo of 18 Lhtonar's principhe

—— —

ittt eanstant This tyge ol elfect bs called eammmnn lon offei
I & In vodniotan Wn etlecd, Ahe Ieem

I [ I .
e addition 6f @ comman an ta the wolutinn ol less solubie slartiote W wied wtasd of deud

electealgte suppresses s danitation and the  cancentiation ol Pk
anlamred speciesinerease s, whieh mmg Come ool as o redipitate
whatin ol wasd sVl

Mo, v Cl,, ®
precipitation of KCUO, by KL
The salubility of a less solubile salt ¥CUO, 6 water is supipressed g the

~ fall,, o in @
Pegihi el arie aeied (0, » 10 # Wity ma
bl wabirns Nopirida pioshacas tha

tnpargs w1 )

gddition ol mare soluble salt KCU by cammon lon effect ¥ is a o o
" ] el
commarn lon. The laniation of VOO, (s supprossed and it settlas deown p
Wiy ot My ¥ Py

asprecipitate

VOLO,, wn 4 €10, s
KCL —

Wi & Caivinain san ollact s placayd 0 \he
() y Tesi

precipitation of 2nd Group Basle Radicals of Salt Analysls) -

- ——

Fagniem ihaes v

Thee dissaciation of a weeak acid M5 In water can b supgressed Ly tha
sddiion of stronger acd WCE W 18 @ camman lon 1% betamnes e
dissoclated I atidic solution I Whis way, low concentration of %' is
deselaped

@ Rack Your Mind!

T When lantistlon  of
slastrodgte W supgreviad by 8
Winng  slaciiaigls  having @
degnennn bon Ly Callad
Al Mpecbpans
1) Hiattesing
1) Caarrnann W wifaey

& wesk

+5

H = 3
o

N,

(2]
This low concentiation ol % dons helps 1o do the predipitation of
radicals of second group Lasie tadicaly during salt analygsis
MOl g s M4 L,
f) Prae gt abicen rone Vion

7 Preclpitation of 3rd Group Basle Radicals of Salt Analysls: . s

An addition of HHGEE in HHGOM salition suppresses the concentation of N, due Lo i presents ol w

large excess af NN from HGCE Actually, WGEL b5 o strong electealte. The combination of these Lo
substances 15 used as reagent in third group Lasie radicals

HHAO gy & Hag 4 OM

ey

MLy e v (L

7 UsesIn Qualitative Analysls and Preparation of Buffers:
Commaon lon effect has s eatensive applications in the qualitative analysis and the preparation of uflers

Nate: In common lon effect, the term “Flectrolyte” is used instead of acid, base or salt

L

BUFFER SOLUTIONS

The solutions which reslst the change In thelr pH when a small amount 6f an acid or & base |s added to them,
are called buffer solutions.
o They have a specific constant value of pH The pH values of buffer
solutions do nat change on dilutlon and on keeping (or o long time
9 Iypos of Buffor Solutions
Buller solutions are mostly prepared by mising Vo substances
I Acldic Buffers: By mixing a weak acid and its salt with a strong base, Such solutions giae acidic buffers with
pH less than 7. Misture of acetic ackd and sodium acetate s one of the best examples of acidic buflers
Il Basle Buffers: By mizing a vieak baze and its salt with a strang atid. Such solutions wall give basic buffers
vith pH maore than 7. Misture of NH,OH and NH,C/ is one of the Lest examples of hasic bulfers

@ Rack Your Mind!

B Wt b bl e aclutian !
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Example:
An acldic buffer consisting of CH,COOH and CH,COONa. CH,COOH being a weak electrolyte underm

very little dissociation. When CH,COONa, which is a strong electrolyte, is added to CH,COOM soluy,,
then the dissociation of CH,COOM is suppressed, due to common lon effect of CH,CO0 .
CH,CO0M,,, +H,0,,) ==2CH,CO0,, +H,0[,,,
CH,COONJ‘ ) = CH,CO0 ) + Na"m
If one goes on adding CH,COONa In CH,COOM solution, then the added concentratigng of

CH,CO0" decrease the dissociation of CH,COOH and the pH of solution increases. The Table tells yg by,
the pH value of a mixture of two compounds Is maintained, Greater the concentration of acetic a¢jg =
compared to CH,COONa, lesser is the pH of solution.

Table: Effect of addition of acetate lons on the pH of acetic acld solution

[CH,CO0H](mol dm™*) | [CH,CO0" )(moldm™) | % Dissoclation | pH
0.10 0.00 13 2.89
0.10 0.05 0.036 4.44
0.10 0.10 0.018 4,74
0.10 0.15 0.012 4.92

Actually, a buffer mentioned above is a large reservoir of CH,COOH and CH,CO0" components. When ,,
acid or H,0" lons are added to this buffer, they will react with CH,CO0" to give back acetic acid and hepe
the pH of the solution will almost remain unchanged. The reason is that CH,COOH being a week acid wy
prefer to remain undissoclated. Similarly, the bulfer solution consisting of NH,Cf and NH,OH, can resjst {,
change of pH and pOH, when acid or base is added from outside. When a base or OH™ ions are added injj,
they will react with H,0" to give back H,0 and the pH of the solution again will remain almost unchanged,

Acldic buffers Basic buffers ik

Those buffers which are formed by the | « Those buffers which are formed by mixing of a weat
mixing of a weak acid and a salt of it with a base and a salt of It with a strong acld are called basic
strong base are called acidic bulfers. buffers.

*  Their pH is usually less than 7. e Their pH is more than 7.
= Henderson's equation for acidic buffers e Henderson's equation for basic buffers
salt salt
pH = p&ﬂog%;é% pOH:pK.,Hog[im_seJi
e.g. CH,COOH + CH,COONa e.g. NHOH + NH,CL
weak acld salt of weak acid weak base  salt of weak base

)

Calculating the pH of a Buffer

Let us discuss preparation of a buffer of definite pH.
Example:
Consider a weak acid HA and its salt with a strong base NaA
(e g. NaOH). The reversible reactions for dissociation of HA and
NaA are as follows:
HAT==H" +A"
NaA=—=Na' +A~
Calculation of pH of a buffer solution by using Henderson equation:
|Acid )
=1
8 Tsan) [Salt)

d:l Interesting Informatlon!

The body's blood buflfering system, Invoking
bicarbonates, helps maintain a
r

pH=pK,

SCHOLAR 2 CHEMISTRY (11")
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interchanging the numerator and denominator, the sign of log changes.
[Salt )
[Acid) .
This relationship Is called Henderson's equation.
factors Affecting pH of a Buffer:
Henderson's equation shows that two factors which govern the pH of a buffer solution are as follows:
(i) pKsof the acld used.
(i) The ratio of the concentratlons of the salt and the acid.
= The best buffer Is prepared by taking equal concentration of salt and acid.
= So, pHis controlled by pK, of the acid.
gxample: For acetic acid - sodium acetate buffer, if
[CH,COOH) = [CH,COONa)

pH=pK, +log

pK, = 474
[CH,COONa)
H=pK, +log————
Then PH=pK, +log [CH,COOH]
pH = pK, +log(1)
. PH=pK, +0=pK,

pH=4.74
It means that the pH of this buffer |51usl equal to the pK, of the acid.
L.' QUICK CHECK 9.4
Explain the Impact of common lon effect on solubility.

) Ans. Effect of Common lon on Solubility

1b)

The presence of a common ion decreases the solubility of a slightly soluble ionic compound. Consider a
saturated solution of PbCr0O,, which is a sparingly soluble ionic salt.

PbCrOyjug =——= Pb::,“ + Crof[.a,

N2;CrOufaq) == 2Na‘ (s + CrO:'m;

Now add Na;CrO4 which is a soluble salt CrO}”is the common lon. It combines with Pbi* to form more
insoluble PbCrOa. So equilibrium is shifted to the left to keep K,, constant.

To a saturated solution of AgCL, some of NaCL solution was added.

State the effect of the concentration of Ag* on the equilibrium.

' Ans. Effect on [Ag*]:

of Ag* ions at equilibrium.
Explain your answer with respect to the common lon effect.

| Ans. Explanation (Common lon Effect):

i
i
|
|
]
|
|
|

Equilibrium Shift:
* The dissolution equilibrium of AgCL is:

ABCLy T==2 Aging + Clingy

+ CI{HI

e Adding NaClintroduces excess CL(common ion), shifting the equilibrium left (Le-Chatelier's
Principle) to reduce the added CL", causing more AgCL to precipitate.
Mathematical Impact:
* The solubility product (K;;) must remain constant:
Kio = [Ag']ICL]
_Ii: I_CL_'_] increases, [Ag’) must ¢ decrease tom maintain K;;.

|
]
|
L]
|
1]
|
i
I
L}
I
]
|
]
|
L]
The addition of NaCL (which provides CL™ 1ons) to a saturated AgCL solution decreases the concentration !
|
]
I
)
|
1]
|
wo & '
NaClyy == Naj,, |
L]

|

]

|

L]

|

n

1
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Result: -~ |
= Solubility of AgCL decreases, and the solution becomes less saturated with Ag*® ions. i
c¢) How does a buffer maintain pH stability? |
. Abuffer maintains pH stability by resisting changes in pH when small amounts of acid (H*) or base ‘0“'1'
are added. Here's how It works concisely:
Mechanisms:
. Composition:
=  Abuffer consists of a weak acid (HA) and its conjugate base (A°) (e.g.,
CH,COOH/CH,C0O0") or a weak base (B) and its conjugate acid (BH*) (e.g., NHy/NH.*).
ii. Action Against Added Acid (H*):
=  The conjugate base (A7) neutralizes H*; '
A” +H* —>HA
= Example: In CH,CO0"/CH,COOH buffer, CH,COO" consumes H* to form CHyCOOH.
lii. Actlon Agalnst Added Base (OH"):
= The weak acld (HA) neutralizes OH":
' HA+OH  —A™ +H,0
= Example: CH;COOH donates H* to OH", forming water and CH,C0OO".
iv. pH Stability:
= The equilibrium between HA and A~ ensures [H'] (and thus pH) changes minimally.
* The Henderson-Hasselbalch equation predicts buffer pH:
PH = pKa + log([HA][A])

Conclusion:
Buffers stabilize pH by shifting equilibrium to consume added H* or OH", keeping the [HAJ/[A"] ratig
(and thus pH) nearly constant.

Calculate the pH of a buffer consisting of 0.50 M HF and 0.45 M of a fluoride (F~) salt before and after |

addition of 0.40 g NaOH to 1.0 dm® of the buffer (K, of HF=6.8x107").
Given Buffer Solution:

o
—_

-3
E

[HF) =
IF) =

0s0M
045M
Volume = 1.0dm?
Ks of HF = 6.8x10™
* Added NaOH = 0.40 g (Molar mass = 40 g/mol — 0.01 mol NaOH in 1.0 dm® — [OH"] = 0.01 M)
Step 1: Calculate Initial pH (Before NaOH Addition)
Using the Henderson-Hasselbalch equation:

pH = pK, +log([F/[HF]))
pKs = -log (6.8x107)=3.17
pKs = -log(6.8x107)=3.17
pH = pKa+log [F1
[C5]
0.45
pH = 3.17 + log| — o | e 10g(0.9) = 3.17-0.046 = 3.12

Step 2: Calculate pH After Adding NaOH (0.01 M OH")
NaOH reacts w:th HF (weak acid) in the buffer:
HF + OH" = F + H;0
* [HF] consumed: 0.50-0.01=0.49 M
¢ [F] produced: 0.45+0.01 = 0.46 M
New pH:
PH = 3.17 + log (0.46/0.49) = 3.17 + log(0.94) = 3.17-0.027 = 3.14

cﬂ.

a
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solutions are present. K, for CH,COOH Is 1.85x 10".

]
]

|
! Given Data: [CH; COONa) = 0.11M '
| [CH;COOH) = 0.09M |
p K, of CH;COOH = 185 x 107 i
| Required:  pH of Buffer solution = ? .
i Solution: pK, = ~logkK, |
' = -log1.8x10%=474 i

[Salt)

! pH = pK'+IO8[Ac1d] ]
I pH = 4.74+1o oH !
] = 4,
I €0.09 |
. pH = 4.74+0.087 '
| pH = 4.83 |

———— —— —————— - ————— i — i —— . —— - —

SOLUBILITY PRODUCT
(For slightly soluble ionic compounds)

Q. What s the solubility product for sparingly soluble salts? Give its two applications.
Definition:

"The solubility product is the product of the concentrations cf ions raised to an exponent equal to the
coefficient of the balanced equation”.

OR
“The product of the equilibrium concentration of lons raised to an exponent equal to the coefficient of the
balanced equation at given temperature Is called solubility product (K,,)".
When a soluble ionic compound is dissolved in water, like NaCl, it dissociates completely into ions. But for
slightly soluble saits the dissociation is not complete at equillbrium stage.
» Example 1, Lead Sulphate:
When Lead Sulphate (PbSO,) is shaken with water the solution contains Pb*, S0, and undissociated

PbSO,. It means that equilibrium exists between solid solute, PbSO, and the dissolved ions, SO}~ and SO} .
Lead sulphate is a well-known sparingly soluble mmpound and it dissociates to a very small extent like PbCt,.
PbSO,,) === PbY () + 50}

_[Pb"][SOi ]
* [PbSO,]
Being a sparingly soluble salt, the concentration of lead sulphate

4 ()

(PbSO,) almost remains constant. Bring [PbSO.] onLHS. withK_. @ Rock Your Mind!
K [PbSO,]=([Pb**][50%") 9. What Is the effect of temperature
if K‘[PbSOJ]=K“‘ on the K,, value?

A) It always remains constant

B) It decreases with temperature
C) It changes with temperature
D) It increases with pressure

then K, =[Pb™*][SO; ]=1.6x10" at 25'C
Kip is called the solubility product of PbSO,. It is the product of
molar solubilities of two lons at equilibrium stage.
Example 2, Lead Chloride:
Consider a sparingly soluble salt, PbCC,. K,, =[Pb**)[CL)
Ksp is usually a very small quantity at room temperature. The value of K;; is temperature dependent. The
value of K,, is a measure of the dissociation of sparingly soluble salt.

‘f
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The following Table shows the K,, values of some slightly soluble ionic compounds.
Table: K,; values for some lonlc compounds
S—
Salt lon Product Kip Salt lon Product Kip
AgBr [Ag"][Br"] 5.0x107" Cus (cu’*1s] 8x10™™
il
AgCl [Ag']ICC] 1.8x107% Fe,S, (Fe® P(s*° ) 1.4x10™
|
AOH); | [AP*][OH") 3x107™ MgCo, [Mg**)[co?’) 3.5%x10°"
.
BaCo, [Ba)[cO}"] 1.1x10°% MnS (Mn?*]18%"] 3x107"
2 e
caco, [ca¥)(Ca}’) 33x10”° PbCrO, [Pb*)(Crol ] 2.3x107"
L —
CaF, [ca™)IF ) 3.2x10™" PbSO, [Pb¥*1150%7) 16x10"
P T —
o Applications of Solubility Produc
a) Determination of Solubility from Kip

For this purpose, we need the formula of the compound and K, value. Then the unknown molar solubility
S Is calculated and the concentration of the ions is determined. Table shows the relationship between yp,
Kyp values and the solubility of some sparingly soluble compounds.

Table: The relation between solubility and solubllity products of some salts

Formula | No. of lons Ksr Solubility g dm™
PbSO, 2 1.69x10™ 13x107
Ca(OH), 3 6.5x10°° 1.175x107
CaR 3 3.2x107" 2.0x10™
Ag,Cr0, 3 2.6x107% 8.7x10°

Smart [Z12] Thinking
———

Relationship Between K,, and Molar Solubility (s)

Compound | Cation | Anion | Ksp Expression | Relation Between Ksp and s
1
AgCL s s (Ag"lcL) Kp=s' =s= {lei
1
BaSOq S s [Ba*][S0; ) Kp=s' =s= K, :,?
1
PbF: 5 2s | [P¥)[FP? Kp=4s®=s= [fa’g-]l
1
S K.\
pacos | 25 | s [imePIcol) |Kp=a0sss [T’]
1
atioH, | s | 3s |IACUOHT |k, =276 5= %]‘
Cas(PO: | 3s | 25 |[(Ca*PIPO} P |k, =108 == :_J*
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(OH), 152 sparingly soluble compound. Its solubility product Is 6.5x 107, Calculate the solubility of Ca(OH),.
&

soh;ﬂﬂﬂ: -3
Lthe solubility be represented by S in terms of moldm™. .
::e palanced equationis:

Ca(OH),,,, ==Ca, +20H

Ca(OH),,, ==0+0 Initial Stage

Ca(OH), ==5+5 Equilibrium Stage

The concentration of OH™ is double than the concentration of Ca’*, so
K;p =[Ca™ JOH" | =Sx(25)’

45’ =6.5x10""
s] - 6.5x 10_.
4

S =(1.625)""* x107?

$=1.18x110"? moldm™

equilibrium 1.18x107moldm’moldm™ of Ca’* and 2x1.18x10"'moldm
=136110" moldm™. OH"are present in the solutlon. In this way, we have calculated the individual
concentrations of Ca’* and OH™ ions from the solubility product of Ca(OH),. '

b) Common lon Effect

The presence of a common ion decreases the solubility of

4 3 Bl 1
a slightly soluble ionic compound. In order to explain it, | Solubility = Sonceniration (no) of common 1ons
consider a saturated solution of PbCrO,, which is a

sparingly soluble ionic salt.

Hence, at stage

——_y 1 -
PHCrO,,, ==2Pb™ ,,, +Cr0} ",y
Now add Na,CrO, which is a soluble salt.
Na,CrO,,, ==2Na" +Cr0}’

CrO;” is the common ion. It combines with Pb** to form more Insoluble PbCrO,. So equilibrium is shifted
to the left to keep K,;, constant.

¢) Predicting Precipitation

The solubility product (Kis) helps In predicting whether [ lonic Type of Precipitation
the precipitation of a salt will occur or not. For example, | Product Solution
the solubility product of Caso, is 2x107 If we add >K,, | Supersaturated Yes
107 moldm™ solution Ca** to 10 moldm™ solution | =K, Saturated No
of SO} ions at 25°C, the concentrations of each ionic <K, Unsaturated No
species can be calculated as:

107

[Ca’* =[50} ]=——=5.0x10"* mol dm™

2
[Ca’ }(S0%"] =5.0x10" moldm™* x5.0x 10" moldm™
=2.5x10"* moF'dm™
=2.5%10"° mol'dm™ >K,, of CasO,
As the product of concentrations Is greater than K, therefore CaSO, will prec':ﬁ!e out.
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! || QUICK CHECK 9.5 |
!al The solubility product constant (K,,) of silver chloride (AgCf) is 1.77x107"° at 25°C. A ”[“ﬂnni
| already contains 0.10 M of Sodium chloride (NaC¢). Find the solubility of AgCL in @ solution g, !
' contains 0.10 NaCL !
| Ans. Given Data: |
i e Kspof AgCL=1.77x10"% '
P e [CL7) from NaCL = 0.10 M (this is the common ion). |
| Let S = molar solubility of AgCL (mol/dm’) in the presence of NaCL.

i « Dissolution equation:

] A&ah] e AS;..;"‘ CL(-.q,l

* Atequillbrium:

[Ag'] = S{from AgCl)
[CL] = 0.10M (from NaCl)+5=0.10 M (since S < 0.10)
) K, = [Ag7]lCL]
1.77x10" = §x0.10
S = 177x10/0.10=1.77x10°M
b)  Predict whether Caso, will be precipitated or not when 10~ moldm™ of each of Ca’* and Soi Is
mixed together.

Ans. Given: [Ca*'] = 107 mol dm™?

]
|
]
|
l 1
x |
L]
! |
1
! |
]
! |
I 1
- :
I |
i [SOY] = 107 mol dm™ '
' Kip 0f CaSO, = 2.4x10°* (at 25°C, literature value). |
| Calculation of the ionic Product (Q) i
' Q = [Ca™)(50;]=(10"%)(10)=10¢ )
| Comparison of Qto K,, |
i s 1f Q> K,,: Precipitation occurs. .
' = IfQ<K,: No precipitation. !
| Here: Q=10"° vs.K;; =2.4 %10 |
' Since 10< 2.4 x 10 i.e., Q< K,p. '
I Conclusion: |
i Cas0, will NOT precipitate under these conditions because the ion product (Q) is less than K. !
- c)  Solution of potassium carbonate is basic. !
| i. Explain why the solution is alkaline. |
1 Ans. Solution is Alkaline: '
| |
] ]
| |
I 1
1 |
1 1
| I
i ]
| |
1 1
| |
' (]
I |

Potassium carbonate (K;CO,) dissolves in water to produce COf. which hydrolyzes to form OH" ions,
making the solution basic:

COY +H;0 HCO; + OH"
. CO}' (a strong base) reacts with water, accepting protons (H*) and releasing OH".
« K*(from K;CO;) is a spectator ion and does not hydrolyze.
ii. Also give the equation for the hydrolysis of the above salt.
Ans. Hydrolysis Equation:
K:CO3 —» 2K* +CO}
€O} +H:0

(Dissociation)
(Hydrolysis)

HCO; + OH"
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& Interesting Information!

The shell of this nautilus is composed mainly
of calclum carbanate The nautilus adjusts
conditions so shell material is formed when
the concentration of calcium lons and
carbonate lons in seawater are high enough
1o precipitate calcium carbonate

SALT HYDROLYSIS

Wwhen @ salt dissolves in water, it dissociates into its constituent ions. These ions can interact with water,
affecting the solution’s pH depending on the nature of the acld and base from which the salt is derived.
%  Hydrolysis:
"The Interaction between salts and water are called hydrolytic reactions and this phenomenon is called
hydrolysis”.

» Salts of Strong Acids and Strong Bases

For salts derived from strong acids and strong bases (e.g., sodium chloride, NaCL), the conjugate base of a

strong acid (e.g., CU from HCL) is very weak and does not significantly react with water. The conjugate acid

of a strong base (e.g., Na* from NaOH) is also very weak and does not significantly react with water.
NaCf ) —2Na* (, \+C1 7o)

Na' is the conjugate acid of NaOH (a strong base) and does not affect the pH.

CL is the conjugate base of HCL (a strong acid) and does not affect the pH.

The solution remains neutral.

Examples are KCL (HCL + KOH), KNO3(HNO; + KOH), Na;SO4(H:504 + NaOH) ete.

o Salts of Strong Acids and Weak Bases

For salts derived from strong acids and weak bases (e.g., ammonium chloride, NH,Cf ), The conjugate base
of the strong acld (e.g.,, C') does not react with water. The conjugate acid of the weak base (e.g., NH;
fromNH, ) reacts with water to produce H,0" ions, making the solution acidic.
NH,C!m =NH;1“) "'a[-»ql
NH; is the conjugate acid of NH, (a weak base) and reacts with water:
NH:‘“, +H1Ol 0 = NH:(.) + H,O{'_n}
CL is the conjugate base of HCL (a strong acid) and does not affect the pH.

The solution is acidic due to the NH; ion.
Examples: ALCL;, CuSO,, NHJNO; ete.

9 Salts of Weak Acids and Strong Bases
The example of salt of weak acid and strong base is sodium acetate.

CH,COONa,, +H,0,) ==CH,CO0;,,, +Na,,,
CH,COO" is the conjugate base of CH,COOH (a weak acid) and reacts with water:
CH ,COOI'"] +I-t,0m .=’“CH,COOHt ) +0}-§“]

Na® Is the conjugate acid of NaOH (a strong base) and does not affect the pH . The solution is basic due to -

the CH,COO" ion.
Examples: Na;CO3(H;CO; + NaOH), NaisPOu(H3PO4 + NaOH)
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Salts of Weak Acids and Weak Bases

For salts derived from weak acids and weak bases (e g., ammonium acetate, NH,CH,CO0): The €Onjugay,
acid (NH;) and the conjugate base (CH,COO") both affect the pH .
NH,CH,C00,,,, ===2NH; ., +CH,COO],,,
NH; hydrolyzes to produce H,0".
NHG(0q) +H0) T=2NHy ) +H01g)
CH,COO" hydrolyzes to produce OH",
CH,CO0[,,) +H,0,,,) ===CH,COOH,,, +OH,,)
The resultant pH of the solution depends on the relative strengths of the conjugate acid and conjugate

base. The solution may be acidic, basic, or nearly neutral, depending on which reaction Is more dominany
Examples: NH:CN(NH4OH + HCN), (NH4);CO3(H;CO; + NH;y)

ACID-BASE INDICATORS

An indicator is a substance that changes color to mark a titration's endpoint. Acid-base indicators exhibit gne
color in acid and another in base. Most indicators used in acid-base titration are weak organic acids or wey)
organic bases. In solution, a weak-acid indicator (HIn) can be represented by the equation below.
Hin=H" +In"

Here In" Is the symbol of the anion part of the indicator. Because the reaction is reversible, both Hin and In" are
present. The colors displayed result from the fact that Hin and In~ have different colors.

In acidic solutions, any In” ions that are present act as Bronsted bases and accept protons from the acid. The
indicator is then present in largely unionized form, Hin. In basic solutions, the OH” ions from the base combine
with the H” lons produced by the indicator. The Indicator molecules further ionize to equalize the loss of H*ion;,

The indicator is thus present largely in the form of its anion, In". The solution now shows the base-indicating
color, which for litmus is blue.

In basic solution

-+ +
In acidic solution

Figure: Unlonized acid-base indicators and their lonised forms exist in an equilibrium
Different indicators change color at different pH values. The color depends on the relative amounts of Hin and
In" at a given pH. For example, methyl red changes from red to yellow between pH 4.4 and 6.2. At pH 4.4, the
indicator exists mostly as Hin molecules, which appear red in the solution. The indicator ranges are given below
for some of the indicators commonly used.

Methyl orange [T =8|

.

Phenclphinalein | — e

0 1 2 3 4 5 6 7 B8 8 10 11 12 13 14
pH

Figure: Range and color changes of some common Acid-Base indicators

Selecting a Suitable Indicator

The two general criteria for an indicator to be used in a titration are:

» The pH at the end of the titration should be close to the indicator’s neutral point.

s The indicator should indicate a sharp color change near the equivalence point of the titration.

>

R et
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gactt pH indicator changes color over a defined range of pH, known as the indicator range. An indicator

changes colour over a range of about 2 pH units.

-"""E;;-‘:ﬁ;e the general shape of a titration curve for a strong acid titrated with a strong base. How can you
jdentify the equivalence point on this titration curve?

"o"""ﬁ;_a_tion Curve and Equivalence Point

« pHCurve: A pH curve is a graph of the pH of the solution verses the volume of titrant added

« Equivalence Point: The equivalence point is the point at which the amount of titrant added is just

: enough to neutralize the analyte solution complately.

» Titration curves: Titration curves show how the pH of an acidic or basic solution changes as a basic or
acidic solution is added to it. We can use the titration curve to choose an indicator that will show when
the titration is complete and we reach the equivalence point.

« End Point: The end point of the titration occurs when the indicator changes color. We choose an
indicatogwith an end point close to the equivalence point.

4. Strong Acid-Strong Base Titration Curve:

14+
Consider the titration of HCL with NaOH. Initially, the i
solution contains only the strong acid Since the acid is
strong, it completely dissociates, leading to a high  1o-
concentration of H* lons and the pH is very low.
égNaOH is added, OH™ ions from NaOH begin to neutralize . *] T
the H* ions from HCL and pH of the solution rises. = 6 equivalenco porrt
The equivalence point is reached when the amount of OH" 1
added ir stoichiometrically equal to the amount of H* 7 ﬂ
originally present In the acid. The pH at the equivalence i il
polnt in a strong acid-strong base titration is 7.0. D
The titration curve at this stage shows a steep rise in pH, 0 : : y———r—T
0 20 30 40 S 6 7o 80

changing quickly from acidic to neutral. The pH value at
the endpoint changes about from 4.0 to 10.0. These
‘ 1itratii".pgs have a pH of 7.0 at equivalence, so, such

* phenolphthalein as indicator can be used as they show

different colours In this range.
2. Strong Acid-Weak Base Titration Curve % 3

Consider the titration of aqueous NH, with HCL
Initially, the solution contains only the weak base and it
only partially dissociates, with a lower concentration of
OH-ions compared to a strong base. The initial pH will be
greater than.7 but lower than the pH of a strong base. As e e
HCL is added, the concentration of OH decreases, causing 4+
a further decrease in pH.
Befare reaching the equivalence point, the solution isina
buffer-like region where the pH changes more gradually. o
The presence of the weak base and its conjugate acid @
(from the salt formed) creates a buffering effect, which
helps to moderate the pH change as the base is added.

Velume of strong base adced (mL)
Figure: Strong acld-strong base titration curve

phenciphtnalen

pH =526 at
equivalence
point

0 40 S0
Volume of HCt_ odded (mL)

Figure:strong acid-weak base titration curve
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The pH at the equivalence point will be less than 7(pH=5.27) because the conjugate am ! . Methyl Orange: i
dissociates, releasing H' ions making the solution acidic (NH; =»NH, +H'). | Acidic (red, Hin) —» Basic (yellow, In7). '
After the equivalence point, the pH of the solution decreases ; » Phenolphthalein: !
rapidly. This is because the strong acid dissociates completely in @ Rock Your Mind! 1 Acldic (colorless, Hin) —» Basic (pink, In"). |
water, providing a high concentration of hydrogen ions H', which . e —— I Key Idea: The indicator’s color reflects the dominant form (Hin or In”) based on pH ’
: : 10. What Is the equivalence poin In [
significantly lowers the pH. Methyl orange has its colour change in uration? L] I suggest a sultable indicator for weak acid and strong base titration, I
this range, therefore, it can be used as an indicator for strong acid- ! ans. For the titration of a weak acid (e.g., CH,COOH) with a strong base (e g., NaOH), the best indicator is: ;
weak base titrations. | phenolphthalein '
Table: pH ranges of common Indicators —_— i « pH Range: 8.2-10.0 (colorless —» pink), |
T tration . 2
Indicators Acid color | Base color | pH Range ype o ' e Reason: The equivalence point pH is >7 (due to hydrolysis of the conjugate base, e.g., CH,COO"). i
Methyl orange | orange yellow 32-45 | strong acid-strong base I Phenolphthalein’s range matches this alkaline pH
strong acid-weak base : " itable Ind} € p YO ey i
Phenoipthalein | coloriess [ red 8.2-100 | strong acid-strong base |g) Suggesta su e Indicator for u?'eak acid and weak base titration. :
e e e e —mF—m——— ! ons. For weak acid-weak base titrations, no indicator is ideal due to the gradual pH change near the |
| l ! QUICK CHECK 9.6 i ! equivalence point. However, if required: '
1a) Differentiate end point and equivalent point. | Suggested indicator: Beomothywiol tlue |
; Ans, The differences between Endpoint and Equivalence: | ! o pHRange: 6.0 (vellow) to 7.6 (blue). i
| e Equivalence Point Endpoint i ! . Reason::]overs the neutral pH (=7) typical for weak acid-weak base titrations (e.g., acetic acid + |
' ammonia).
| Definition The point where stoichiomelrically | The point where the indicator changes i | Limitation: !
L 1 . 1
i :l?::::'::;damou"“ of analyte and | color, signaling completion of titration. i | | weakacid-weak base titrations often lack a sharp pH jump, making pH meters more reliable than visual |
' . I l '
' p i et i e S SR p———
I Theoretical | Theoretical (calculated from Experimental (observed visually or ! l
' vs. stoichiometry). instrumentally). !
| Experimental |
]
Dependence | Independent of indicator. Depends on the choice of indicator. :
|
" on Indicator ! se il | Option | Explanation
! pH (Acid- pH Is determined by the salt formed | pH may slightly differ due to indicator | g 8 HCL (acid) —» H* +CL" (conjugate base)
I Base (e.g., pH = 7 for strong acid-strong | range (e.g., phenolphthalein changes i ’ HCl donates a proton, making CL Its conjugate base.
Titration " .2-10). i
i ) base) at pH 8.2-10) i , 0 When an acid donates 3 proton, it forms its conjugate base, and when a base accepts 2 proton,
: Precision Exact (based on reaction | Approximate (may not perfectly match | i it forms its conjugate acid.
| stoichiometry). equivalence point). i BF; is @ Lewis acid because the boron atom has only six electrons in its valence shell, which is
1 b)  Explain how an indicator changes its colour in acidic and basic solution. ' 3 5.Q | less than an octet. This incomplete octet makes BF, electron-deficient and able to accept a
| Ans. AnIndicator Changes Color in Acidic vs. Basic Solutions: | lone pair from a Lewis base like fluoride ion.
L]
| > I8 Chemic‘al Structure: i Water concentration remains effectively constant (about 55.5 mol dm™?) because water is
i a :nd}.;at}ors:re weak aclds (HIn) or weak bases (InOH) with different colors in protonated : 4, 5.Q pres:_nl In|larga excess and only a tiny fraction ionizes, so its concentration does not change
acidic) and deprotonated (basic) forms. significantly.
1 2. Acidic Solution (pH < pK,): _ ! H* = 1001
! * Excess H" ions shift the equilibrium to the left: | =10t¥
P — ' 5. A
I * The protonated form (Hin) d Htln { :l - thyl ) I N e
' n) dominates (e.g., red for methyl orange). : ; : ; .
| .. iBwic Soliition (i » SK,E: | pH is defined as the negative logarithm of the hydrogen ion concentration.
. *  OH"lons remove H', shifting equilibrium right i 6. s.Q K, is the acid dissociation constant. It represents the extent to which an acid donates protons
| Hin S | in water. A higher K, value means a stronger acid.
I
| *  The deprotonated form (in") dominates (e.g., yellow for methyl orange). i 7 c Presence of a common ion from a strong electrolyte reduces the ionization of a weak
: 4. Transition Range (pH = pK, + 1): i electrolyte, shifting the equilibrium towards the reactants.
|_ _— _C-o_loicElrlge_oEcEs (e.g., phenolphthalein turns pink at pH 8.2-10). I
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« A buffer solution resists a change in pH when a small amount of acid or base is adm
8. 5.Q * It maintains a constant pH and Is stable over time and on dilution.
« Buffers are made from a weak acid/base and its salt. - —
Based on “Le Chatelier’s Principle” the system shifts to oppose the temperature ‘haﬂge_
9. c "temperature can Increase or decrease Ksp” depending on the heat change of the d'“O!ul.c,,,
reaction.
: fb e
= The equivalence point is when the amount of acid equals the amount of base.
10. 5.Q » It is where complete neutralization occurs
o Itis not always at pH 7, depending on acid and base strength.
—

Ql
L

V.

Vi.

viL.

VIl

Xl.

[ D> Exerase KL ‘

MULTIPLE CHOICE QUESTIONS (MCQs)

Four choices are given for each question. Select the correct choice.
Given the following reaction:

NH,, +"l°{1) _m"‘t-n) +0H{'“}
a) NH, is the acid, H,0 is the base b) NH, is the base, H,0 Is the acid
¢) NH; is the base, OH" is the acid d) H,0 isthe base, OH  is the acid
The pH of 10~ mol dm™ of an aqueous solution of H,S0, Is:
a)3.0 b) 2.7 c)2.0 d) 1.5 .
The solubility product of AgCL is 2.0x107* moldm™. The maximum concentration of Ag”lons In thy
solution is:
3) 20x10*°moldm™  b) 141x10*moldm™  ¢) 1.0x10"*moldm™ d) 4.0x10"°moldm™
Which Indicator is typically used for titrations involving strong acids and strong bases?

a) Methyl red b) Phenolphthalein c) Bromothymol blue d) Litmus solution
Which of the following is the conjugate base of water?

a) OH, b) OH,,, c) K0, d) K0},

Which of the followlng Is a Lewis acid but not a Bronsted-Lowry acid? AR
a) HCL b) NH, c) ALCE, d) H,0

In an acld-base titration, the equivalence point is reached when:
a) pH of the solution is 7.0 b) The indicator changes color.
¢) Equal volumes of acid and base have been added. d) The reaction stops.

If the concentration of C£~ lon in a solution Is Increased, the solubility of silver chloride (AgCL) will:
a) Decrease b) Increase c) Remain unchanged d) Become zero

Which of the following palrs of substances can act as a conjugate acid-base pairiaccording to the
Bronsted-Lowry theory?

a) HCL and NaOH b) NH, and NH; ¢) H,0 and H,50,

If the pH of a solution Is 11, what is the [OH™] concentration in the solution?

d) H,0 and CH,

2) 1x10”°M b) 1x107"'M ¢) 1x107° M d) 1x10™* M o
Which of the following pairs forms a buffer solution?
a) HCL and NaCL b) CH;COONa and CH;COOH

¢) NaOH and HCL d) NHyand Na;S04

scH
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Explanation

b NH, Is the base, H,0 Isthe |« NH, accepts H', making it a base, H,0 donates H°,
I acld making it an acid.
o M50 === 211"+ 50,
W) =2 ~10"
In. b 2.7 pH = -log [H’]
pH=-log 2 » 10 = ~(log2 - 3 logl0) = - (0.301 - 3)
pH=2670r2.7
» AgCL At e Ol
- Kip = U‘g.l] [ch)
20710 = (g [CL?]  Since [Ag'')=(CL7)
il b 1.41x10*moldm™’ 207 10%= [ag')
J10x107 - ‘/[hs"j'
[Ag''] = 1.414 » 10 * mol dm *
Changes color near pH 7-9, ideal for strong acid-strong
. b Phenolphthalein 4 P s
base titrations
V. a OH,y * H,0loses H® to form OH™ so OH™ is its conjugate base.
Vi c AfCE, e Accepls an electron pair but does not donate H°.
Wi : Equalvolumesof acidand | » Equivalence point is stoichiometric, not necessarily pH
! base have been added. 7.
Vil a Decrease + Common lon effect reduces solubility,
X b NH, and NH, * NH, gains H* to form NH,
X. a 1x107'M e pH=11- pOH =3 - [OH"] = 10" M.
= b Sodium acetate (CH,COONa) | = Weak acid (CH,COOH) + its conjugate base (CH,CO0")
) and acetic acid (CH,COOH) forms buffer,
- SHORT ANSWER QUESTIONS -

Q2

Attempt the following short-answer questions:

Define the following with an example for each:
1) lonization constant
iif) Common lon effect

i) Solubility product
iv) Acid-base Indicator

Ans,

(i) lonization Constant: The quantitative measure of the strength of the acid and base is called ionization
constant.

Example: we have an acid HA dissolved in water,
K = [H,0"][A"]
L M Lol
[HA]
(ii) Solubility Product: The solubility product is the product of the concentrations of ions raised 1o an
exponent equal to the co-efficient of the balanced equation.
Example: For AgCL

HA+H,0==2H,0" + A"

Agli=—=Ag"' +CI", K, =[Ag"][C)
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(1)) Common lon Effect: The suppression of lonization of a weak electrolyte by adding a tom ,cuﬂu" 2 CHEMISTRY (11%) 321
O
Is called common lon effect. in this case, H,0 (the acid) has donated the proton and NH, (the base) has accepted it. NH, —NH; and
NaCl, == Najy + Clisgy H,0-0H are conjugate acid-base pair.
HOl )y ==2N g +Cliy Conjugate :lm: - —
Ly cies formed alter a Bronsted base accepts a proton from the acid is called the conjugate acid.”
; ; " t changes colour to mark a titrati i Py ; g
(iv) :‘:‘: :”“' '“:"“W "\"‘ i:;"d“ ror 'IS d ‘luu“;‘c"‘““:h" 0‘: h:':?n g o use?is €Ndpgp, example: The hydronium ion (H,0°) is the conjugate acid of water. A species formed when an acid donates
tid:base indicators exhibit:one colour in acid and an " acid by, aproton 10 a base is called the conjugate base. HCL + CL™ and H,0 —» H,0" are conjugate acid-base pairs.
titration are weak organic acids or weak organic bases. F -
Example: it ton
HCt H,O ——s '
Phenolphthalein: Colorless (pH < B.3) to Pink (pH > 10.0) ’ u'.? WH'O.. ¥ =
b.  Differentiate between: T ga——
lationshi twee
1) Hydrolysls and dissolution 11) Acldic and basic buffer solutlons ﬁ--\:.'_hit is the relationship be n the strength of an acid and the strength of its conjugate base?
Ans. 1) Hydrolysis and Dissolution — ans. A strong acid has a weak conjugate base because it donates protons easily. A weak acid has a stronger
——— conjugale base as it holds onto protons,
Feature Hydrolysis Dissolution gxample: HCL (strong acid) forms CL™ (very weak base).
Definition | A chemical reaction where water breaks A physical process where a mlutm » Strong Acid (HCL): Weak conjugate base (CL").
bonds in a compound. in a solvent. « Weak Acid (CH,COOH): Strong conjugate base (CH,COO").
———
Nature Chemical process (forms new substances). Physical process (no new substances formeq) "—_ﬁ?lhe following three reactions, identify the reactants that are Arrhenius bases, Bronsted-Lowry bases,
Involves | Reaction with water molecules (H* and OH™ | Mixing of solute and solvent (e.g, sal‘ﬁm and/or Lewis bases. State which type(s) of bases each reactant is. Explain your answers.
- may participate). e oy e i) NaOHy, —Naj, +OHL, i) HF, +H,0,, — ¥ +H,0},, Tii) Mgy +NHy,  —NHL
c:er;y‘! :Ha\rfrelzasql: or albsmb energy °| ten absorbs energy (endothermic, but ny ans. (i) OH” is an Arrhenius and Bronsted-Lowry base (accepts H').
ang exof/endothermic). always). _ (i) H,0 s a Bronsted-Lowry base (accepts H*) and Lewls base (donates lone pair).
Result Forms new products (e.g., acids, bases, or Forms a homogeneous mixture (solution), (lil) NH; is a Bronsted-Lowry and Lewis base (accepts H* and donates lone pair).
lons). — -
I 5 ——— | . Anamphoteric substance can behave as either an acid or a base. Identify whether water behaves as an
Example | Accr, + 3,0 == AUOH), + 3H' + 3CI° NaCt,, —»Nay,, +C, acld or a base in each of the following reactions.
() Acidic and Basic Buffer Solutions g I) H0+HC—H,0" +CL” i) NH, +H,0 —>NH; +OH"
Acidic buffers Basic buffers i) HNO, +H,0——H,0" +NO; iv) CH,COOH +H,0—»CH,CO0™ +H,0"
* Those buffers which are formed by the | » Those buffers which are formed by mixing of 3 | =
mixing of a weak acid and a salt of it with a weak base and a salt of it with a strong acld are| [ An- Reaction H.0 Role Reason
strong base are called acidic buffers. called basic bulfers. ) H0+HCI" ——H,0" +CI Base Accepls H* from HCL
* Their pH is less than 7. * Their pH is more than 7. ) NHi+H20" >NH; +OH Acid | Donates H* 10 NH;.
Henderson’s equation for acldic buffers = Henderson's equation for basic buffers - = =
—— T— [sal). lii) HNO3+H20" —H10" +NO; Base | Accepts H* from HNO,.
= * = = |o
i Iacldl PR =108 [base) Iv) CHICOOH+ H20 ——> CHiCOO™ + H30" Base | Accepts H* from CH,COOH.
e.g. CHy,COOH + e.g. NH.OH + NH.CL
weak acid  salt ol weak a:id weak base  salt of weak base g Which salt would you expect to dissolve more readily in acidic solution: Barium sulfate or Barlum
fluoride? Explain. K =1. "
Explain the concept of conjugate acld-base pairs. How are they related In terms of proton transfer? oot . e ")

c.

Ans. Conjugate Acid:
“A species formed after a Bronsted base accepts a proton from the acid is called the conjugate acid” The

hydronium lon (H,0°) Is the conjugate acid of water.

Example:

When NH; dissolves In Water:

When ammonia dissolves In water, proton transfer also occurs.

lone pair and NH; and OH" are formed. With fewer H'

= 0H

(L1

o~
NHIli+H30H|

Bare Acid

Levpagate baw

W’ from H,0 attaches to the N atom’s

, the water molecule becomes OH™ lon:

+ NH«..;

L jaale a0t

Ans, Barium fluoride (BaF;) dissolves more in acid.
Reason: F~ reacts with H* to form HF:
BaF; Ba’*+ 2F

BaS0, is unaffected because SO;” doesn’t react with H".

h.  Why does common lon effect decrease solubility of a less soluble salt?

Ans. The solubility of a less soluble salts KCLO; in water is suppressed by the addition of a more soluble salt
KCL by common ion effect. K* is a common lon. The ionization of KCLO; is suppressed and it settles
down as precipitate.

F +H — HF

KCLOsyy === Ky +CLOL,
KCyy =— x‘:ql‘q-d
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I._ State the basic principle of solubility product. Mention factors affecting solubility product._"""""\

—

it is the product of molar solubilities of two ions at equilibrium stage.
For example: sparingly soluble salt, PbCLy. K,; = [Pb*][CL)?
K is usually a very small quantity at room temperature. The value of K, Is temperature dependeny
Factors Affecting K,,:
= Temperature
* Presence of common ions
« pH (if salt has basic/acidic ions)
J.  Prove by equations what happens when Na,Cr0,p Is added to saturated solution of PbCro, e
. When Na,CrO4 is added to a saturated PbCrO, solution, it increases the concentration o__-_f-""'"a
According to Le Chatelier’s Principle, the equilibrium shifts left to reduce the added CrO4™ ions: b
PBCrOyjuy =—= Pbtlaj +* CrO.'..,
Na,CrOypq === 2Na" + CrO}
= Result: More PbCrO, precipitates out, decreasing its solubifity.
= Reason: The common ion (Cr0,") suppresses the dissociation of PbCrO..
This is an example of the common ion effect reducing solubility.
According to the Lewls acid-base concept, Baron trifluoride (BF;) can act as an acid. Is this statement correry m.m
Correct, BF, is a Lewis acid.
Reason: Boron in BF; has an empty p-orbital and can accept an electron pair (Lewis acid).
Example: When BF, reacts with NH; (a Lewis base), it forms a coordinate covalent bond:
BFy + NHy— H;N—> BF;
Here, BF; accepts the lone pair from NH;.

Ans.

o

T ——
I If the concentration of hydrogen ions in a solution is 1x10*M, what Is the pH of the solution?
Given Data:
Concentration of hydrogen ions, [H']} =1x 10* M
To Find:
pH of the solution=?
Solution:
Step 1: pH formula:
pH = -log[H")
Step 2: Substitute the given [H*] into the formula:
pH = -log(1x107%)
Step 3: Simplify the logarithm:
pH=-(-5)=5
Answer: The pH of the solution is 5.

- DESCRIPTIVE QUESTIONS -

Q.3 Describe the Bronsted-Lowry theory of acids and bases, Provide examples of conjugate acid-base pis
and explain clearly their relationship.

Ans. See Page No. (294)

-
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m Is the solubility product for sparingly soluble salts? Give ts two applications.
ns. See —See Page No. (309)

mbe the general shape of a titration curve for a strong acid titrated with a strong base. How can you

identify the equivalence polint on this titration curve?

Tns. See Page No. (315)
E’ A buffer solution has a pH of 5.0. It Is made from a weak acid HA with a pK, of 4.8. What is the ratio of
the concentration of the conjugate base [A”]to the concentration of the weak acid [HA] in this buffer?

NUMERICAL PROBLEMS

Given Data: pH = 5.0
pK. = 4.8
salt
formula: pH =pkK, +lo acid)
: - A7l
putting the values: 50 = 48+log l"'ml
solve for the log term:log il = 50-48=02
[HA]
Convert log to ratio (antilog):
] | ypicrse

[HA]
(A7)

Im]=@

The buffer contains 1.58 times more conjugate base (A") than weak acid (HA) to maintain pH 5.0.

Final Result:

Q9 Calculate the solubility of a sparingly soluble salt lead (1) lodide (Pbl,) In water. It has K, =1.4x 107,

Given Data: Kp = 14x10°
Pblyy ===== Pbis*+ 2oy
Define Solubility (s):
Let s = molar solubllity of Pbl; (mol/dm’)
At equilibrium: [Pb*™] = s
[I'] = 2s(2 moles of I are produced per mole of Pbl;).
K. Expression: Ko = [PB*)[T')?
= (s)(2s)’ = 4s*
Solve fors: 4s’ = 14x10"
-8
se u-’;lL =35x10"

Y3.5x10” = [1.52 x 10 mol/dm]
Final Answer: The solubility of Pbl; i 1.52 x 107 mol/dm".

Q10 The molar solubility of silver chromate (Ag,CrO,) In pure water at 298 K Is 6.5%10*mol dm"
Calculate the K, of silver chromate at this temperature.

L

Q.4 Define the Lewis theory of acids and bases. How does this theory differ from the Bronsted-lown
theory? Give examples of Lewis acids and bases that do not involve proton transfer.

Ans. See Page No. (295)
Q.5 Discuss applications and implications of the common lon effect In various fields.
Ans. See Page No. (305)

Given Data:
Molar solubility (s) of AgaCrOs = 6.5x 10°* mol dm™’
Aga1CrOu) 'Mg,'_,u + CFO:;.‘,
lon Concentrations in Terms of s
[Ag'] = 2s(2 moles of Ag* per mole of Ag:CrO4).

[Cro7] = s (1 moleof CrO; per mole of Ag:CrO).

Tpm——



324

Chapter 9 ) Acid-Base q‘w

1‘

3.

5.

10.

11.

13.

x __-_-‘\
K. Expression: K = [Ag'LICrO47]
=(2s)}(s) = as*
Substitute s and Solve for K,;: Ki; = 4x(6.5x10°%)°
K = 4x(2.746x107%)
Ko = 1.10x% 104 mol'dm"
Final Answer: Kyp =

ADDITIONAL SLOs BASED MCQs

Water cannot act as:

A. Lewis acid B. Lewis base C. Bronsted acid D. Bronsted base

pH of 0.01 M HCl solution is:

A. 107 B. 10" C.20 D.1.0
An aqueous solution of ammonium chloride is:
A. Basic B. Acidic C. Neutral D. Amphoteric

An aqueous solution of which compound is basic.
A. Ammonium nitrate B. Calcium chloride

If a liquid has a pH of 7 then:

A. It must be colourless

C. It must be a solution

C. Ammonium acetate  D. Potassium carbonate

B. It has boiling point of 100°C

D. It must be neutral

When air is bubbled through pure water, the pH is lowered from 7.0 to 5.6, which gas in the air i
responsible for this change.

A. Argon B. Carbon dioxide C. Nitrogen
Which of the following oxides is classified incorrectly?

A. Zinc oxide (ZnO) amphoteric B. Carbon dioxide (CO;) acidic

C. Carbon monoxide (CO) neutral D. Lead oxide (PbO) basic

If 25cm? of 1 mole. dm™ nitric acid is added to 50 em® of 0.5 potassium hydroxide solution, what would
be the pH of the resulting solution? :

A.5 B.7 c.9 D.14 !

A base Is a substance which will neutralize an acid. Which of these substances is not a base?

A. Aqueous ammonia B. Copper oxide C. Potassium chloride D. Sodium carbonate

D. Oxygen

A strong acid:
A. Is always partially ionized when in solution
C. Always decomposes carbonates

B. Is always fully ionized when in solution
D. Always contains oxygen

Which one of the following oxides dissolves in water to form acidic solution?

A.MgO B. Na;,0 C.S0; D. Si0;

When crystals of copper sulphate are heated, the colour changes from blue to white. This is caused by:
A. Loss of water only B. Loss of water and SO;

€. Reaction with CO; in the air D. Loss of water, sulphur dioxide and oxygen

The oxide of a metal was found to react with HCl and aqueous NaOH solution. Which of the following
the best description of the oxide?

A. Acidic B. Amphoteric

C. Basic D. Neutral

sC
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Q. No I Ans.

Answer Key with Explanations
Explanation

s Water can donate and accept proton (H'), So it can act as Bronsted acid as well as base.
H10 + H0 —— = H;0" + OH"

Similarly, in water, oxygen has electron pairs which it can donate to other species, 50
waler acts as Lewis base.

H-&"): +H' — [H-?.I')-»H]
H H
But water cannot act as Lewis acid.

2. =

HCl &= H'O~+CI
0.01M 0.01M
Since HCl is a strong acid, it ionized completely giving [H*] = 0.01M = 107*M
pH = —log [H"]
pH = -log 107
pH = 2log 10
pH = 2

log 10=1

HCI + NH; —

Strongacid weak base Acidic salt
When NH.Cl is added, the solution becomes acidic.

NH.Cl

Salt Type

NH:NO
Ammonium !:Iitrale AcidicSa
CaCl;
Calcium chloride
K:CO;
Potassium carbonate

Nature of Solution

Acidic solution

Somewhat neutral

Neutral salt
solution

Basic salt Basic solution

- pH = 7 (Neutral) L
Solution épl—i > 7 (Basic)
pH (Acidic)

When air is bubbled through pure water, CO; combines with water and forms carbonic acid.
COyig + H20pp — H:C030q
As a result, pH of the solution decreases

Lead oxide (PbO) is an amphoteric oxide.
PbO + H;S0s—> PbS0s + H;0
(base) (acid)
PbO + 2NaOH + H,0 —>» Na; [Pb(OH)4]
(acid)  (base)

Concentration = Molarity x Volume of H* or OH™
Since [H*] = [OH] in both cases, so a neutral solution having pH = 7 is formed.

KOH +-HCl —— KC + HO
Strong base  Strong acid Neutral salt
KCl will not hydrolyse, so solution remains neutral.

10. B

The strength of an acid depends upon its extent of ionization. A strong acid fully ionizes in solution.

11 (o

Metals form basic oxides

Generally - [Non-memls form acidic oxides
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=ty
SO;  + H,0—s H,S0; (sulphurous acid) ﬁ
Acidic oxide
12. A When deep blue coloured solid copper (II) sulphate pentahydrate is heated 1o drym
vapours, it forms white solid copper (1) sulphate.
Aluminum oxide (Al;0,) Is amphoteric and It reacts with both acidic and basic solution, —
Al;Oy;) + 6HClyqy —> 2AIC 0 + 3H;00
13. B (basic)
Alloull > 2N30H|.., —_— zNaAIO]uqJ + H:Otu
(acidic)
——el

ADDITIONAL SHORT ANSWER QUESTIONS

Q.1 Why do the equilibrium constant value has its units for some of the reversible reactions bmm
for some other reactions?

Ans. I. If number of moles of reactants and products are equal, then K has no units. =

Hug + lyg 2HI
1mol 1mol 2mol

L (moldm™Y
H11]  (moldm™.moldm™)
il. If the number of moles of reactants and products are not equal.

N“‘, + 3H3|u _—— ZNH)"J
4 mol 2 mol

= [NH, ) N [mol dm ™'}
[N,][H,)*  [moel dm™)[mol dm™)’
Q.2 Define pH and pOH with mathematical expressions. What is the sum of pH and pOH? ol
Ans. pH: “The negative log of hydrogen ion concentration is called pH.” s
pH = —log(H']
pOH: “The negative log of concentration of hydroxide ion is called pOH.”
pOH = —log[OH"]

=no units

= mol? dm*¢

Relationship between pH and pOH:
pH + pOH = 14 at 25°C
The sum of pH and pOH for a solution must be equal to 14 at 25°C.
Q.3 Write the relationship of pH and pOH with pK..
Ans. Relation of pH and pOH with pK..:
From the concept of ionic product of water we have
Ke = [H] [0H]

Taking log: logKe = log[H"] log[OH"]
Now multiply with (-1)
~logK. = ~log[H'] + (-log[OH™])
pKw = pH + pOH

pH + pOH = 14 at 25°C (Since, pK. = 14 at 25°C)
Thus, the sum of pH and pOH is equal to pK.i.e., 14 at 25°C.
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ﬁ; is ionization constant of acids,
s, fonization Constant of Acids:

The lonization constants of the acids 15 the quantitative measure of the strength of the acid. Acids and bases

when dissolved in water may or may not be completely dissociated. Many acids are weak electrolytes and
they ionize to an extent which is less than 100%.

me Lowry Bronsted concept of acids and bases.
Wsteﬂ Acid:
“Those species (ions or molecules) which donate or have a tendency to donate proton [H'] are called

acids.”
e
~
Example: HCL + H;0 Hy0* +CL-
Acid Base

pronsted Base:

“These species (ions or molecules) which accept or have a tendency to accept proton (') are called

bases.”
@6 Whatare conjugate acids and bases?
ns. Conjugate Acid:

A conjugate acid is the specie (molecule or ion) formed when a proton is added to a base. e.g.,
When a weak acid or a weak base is dissolved in water, the conjugate acid base pair is produced.
e.g CHyCOOH + H;0 =—= CH,C0O" + H,0*
acid base conjugate base conjugate acid

Conjugate base: The species (ions or molecules) formed when acid loses its H* ions and resulting
specles become its conjugate base.
Example:

H’

r-—-..\
NH; + H;0
Base Acid
Conjugate acid-base Pair
When a weak acid or a weak base is dissolved in water, the conjugate acid base pair is produced.
Example:

NH} + OH-

CH;COOH + H,0 =— CH,COO™ + H;0* .
acid base conjugate base conjugate acid

Q.7 What is the formula to calculate the percentage lonization of weak acid? (LHR 2018 Gll)
Ans. Percentage of lonization of Weak Acids:
We can calculate the percentage of ionization of weak acid and the formula is as follows:
Amount of acid ionized
Amount of acid initially available

% ionization = x 100

Q8 Define pK, and pKs. Give its significance.

Ans. pi,:
"The negative log of dissociation constant of acid (K,) is called pK,”.
pK. =-log Ks
1
pK, o
PKe:

“The negative log of Ky is called pKy".
pKs = ~log Ke
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Significance:
o pK.and pKs gives us the quantitative strength of acids and bases respectively,
s Larger the value of pK,, weaker will be the acid and vice versa.
s Larger the value of pKs, weaker will be the base and vice versa

Q.9 Prove that pK, + pK, = 14 at 25°C.
Ans. Let us take the log of equation:
log(K. x Ks) = log(K.)
log K, + (log Ks) = log Kw
Multiply both sides by ‘~1"
- log K. = logKs = = logK.
Since, pKs = = logK, and pKy = - logKe
So, PKe + pKp = pKo = 14
Hence pK, and pK, of conjugate acid base pair has a very simple relation with each other.
pK, + pKy = 14 at 25°C

Q.10 What s lonic product of water? Write Its value at 25°C.

Ans. lonic Product of Water:
The product of molar concentration of H* and OH" In pure water is called ionic product of wate,

Chapter 9 ))) Acld-Bage P

SO,
—
—

——
—

I
represented by K. and its value is 107 at 25°C. .
K. = [H'][OH]
Ke = 107 a1 25°C
Q.11 What Is buffer solutlon? Give types of buffer solution with one example each. T ey
—_—

Ans. Buffer Solutlons:

“These solutions which resist the change in their pH when a small amount of an acid or a base js addeq ,

them are called Buffer solution.”

The buffer solutions have a specific constant value of pH.

The pH values of buffer solutions do not change on dilution and on keeping for a long time.

Types of Buffer Solutions: Buffer solutions are mostly prepared by mixing two substances.

Acidic Buffers Basic Buffers

= These buffers which are formed by the | »
mixing of a weak acid and a salt of it with a
strong base are called acidic buffers.

called basic buffers.

—

These buffers which are formed by mixing of
weak base and a salt of it with a strong acid are

weak acid  salt of weak acid weak base salt of weak base

* Their pH is usually less than 7. ' s Their pH is more than 7.
+ Henderson's equation for acidic buffers e Henderson’s equation for basic buffers
[salt] [salt]
PH=pK, + log [acid] POH = pKy + log [base]
e.g., CH,COOH + CH,COONa e.g., NH.OH + NH.CL

Q.12 Define buffer capacity. Write down the Henderson’s equation for acidic buffers,

Ans. Buffer Capacity:

“The capability of a buffer solution to resist the change in its pH when a small amount of acid or a base s

added in it is called buffer capacity.”

Salt
pH = pK, + "*fﬁml]
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E;;-Ee_"_ﬂe common lon effect. How can NaCL be purified by common ion effect?
“"m_ common lon EHect:

“The suppression of ionization of a weak electrolyte by adding a common won from outside is called
common ion effect.”
gxample: Purification of NaCL:
NaCL is purified by passing hydrogen chloride gas through the saturated brine. Sodium chlorde s fully
ionized in the solution. Equilibrium constant expression for this process can be written as follows
NaCl,, =———== ".;‘_ sCL,

” [Ha']lcL’]

T [Nate)
HCL also ionizes in solution,

HCL H-'-u * CL'“'
On passing HCL gas, concentration of CL” ions is Increased Therefore, NaCL crystallizes out of the solution
to maintain the constant value of equilibrium constant. This type of effect 1s called common won effect
Na,;u +CL,, = NaCL,
The addition of a2 common ion to the solution of less scluble electrolyte suppresses its wonization and the
concentration of unionized species increases, which may come out as a precipitate

‘014 Give applications of common ion effect (any two).
“%ns. Applications of Common lon Effect:

AnS.

« Precipitation of 2nd Group Basic Radicals of Salt Analysis:
The dissoclation of a weak acid H;S in water can be suppressed by the addition of stronger acid HCL H®
1s a common ion. H;S becomes less dissociated in acidic solution. In this way, low concentration of 57
is developed.

;S 2H,+ S,
This low concentration of 5% ions helps to do the precipitation of radicals of second group basic
radicals during salt analysis.
HCluy =—=H,,, + CL,,,
« Precipitation of 3rd Group Basic Radicals of Salt Analysis:
An addition of NH.CL in NH.OH solution suppresses the concentration of OH., due to the presence ~*
large excess of NH; from NHCL Actually, NH.CL is a strong electrolyte. The combination of these two
substances is used as reagent in third group basic radicals.
NH(Clisg Na, . +CL,,
NH.OH u === Na_,_, + OH_,,

Q.15 Write the effect of common ion on solubility. Prove by equations that what happens when Na:CrO, is

added to saturated solution of PbCrO,?

Ans.

Effect of Common lon on Solubility:
The presence of a common ion decreases the solubility of a slightly soluble ionic compound. In order to
explain it, consider a saturated solution of PbCrO., which is a sparingly soluble ionic salt.
PbCrO,,, ==Pb],, +CrO},,
Na,Cr0,,, ==2Na;,, +CrO}”
Now add Na;CrQ., which is a soluble salt. CrO} is the common ion. It combines with Pb** to form more
insoluble PbCrO4. So equilibrium is shifted to the left to keep K, constant.
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“The product of the equilibrium concentration of ions raised to an exponent equal to the coelfie,

balanced equation at given temperature is called solubility product (Ki).” ot of thy
Mathematical Form:
AB, == xA"+yD "
[A e
Y

K [AB] = (A™](B™)!
K = [A"]'[B)"
* K, 15 the product of molar solubilities of two ions at equilibrium.
Examples:
When Lead Chloride (PbCLs) is shaken with water, the solution contains Pb*, CU” and un-dissoclatgd qu}
It means an equilibrium exists between PbCL; (solid solute) and the dissolved ions, Pb*? and -,
PbClyy PbCLijsa Pbis +2Clg
According to law of mass action:
[Po*?)ce”)
[PbCL,]
Ke [PBCLy] = [PbY][CL7)
K = [Pb*][CL)} = 1.6 x 1073 at 25°C
Solubility Product Expression for Ag;CrO.:
AgiCrO, === 2Ag" + Cr0"}
[Ag"] [CrO7, ]
[Ag:CrO,]
Ke [Ag:CrO] = [Ag")[CrO7] ]
Kip = [Ag"]? [CrO4J = 2.6 x 10" at 25°C

K=

000 Q

v,

cn.%h,
Q.16 Define Solubility Product Constant (K,,). Give two examples. \
Ans. Solubility Product: \

CHOLAR @ CHEMISTRY (1) N
8
' SELF~ASSESSMENT |1 01& X0}
Total Mark: 30
al Encircle the correct option, s

mhu following reaction:
NHug + HaOuy ——» NHy, # O,

A NH, is the acld, Hy0 Is the base B NHy is the base, H,0 15 the acid

¢. NM; Is the base, OH" Is the acid D. H,0 15 the base, OH™ is the acd

in the glven reaction, the conjugate base ls:

il
W NHy + HCL——s NH, + CL°

A NHy n.ct C NH, D. HCL
(i) which statement correctly describes a Lewls acld?
A Accepts a lone pair of electrons 8. Donates a lone pair of electrons
¢. Always donales protons D. Has a negative charge
w the pH of a solution Is 11, what Is the [OH] concentration In the solution?
Al1x10'M . BixioMm C1x107M D1=10"M

(v The solubllity product of AgCLIs 2.0 x 107" mol dm™, The maximum concantration of Ag® lons in the
solution is:
A 20x10"moldm™ B, 1.41x 10 moldm™ C. 1% 10" moldm* D.40#%10 " moldm™*

) Which indicator Is typically used for titrations Involving strong acids and strong bases?
A. Methyl red B. Phenolphthalein C. Bromothymol blue D. Litmus solution

Q2 Write short answers of the following questions. (2 «8=16)
—

[) !dentify the Lewls acid and Lewis base In the reaction between:
(a) SOy and O™ (b) HCL and H,0
Also write down the balanced chemical equation for the reaction and explain
)] Calculate the pH of a 0.01 M NaOH solution.
(i) Determine [H;0] In a 0.01 M HA solution given K, = 1.0 x 10°%,
(iv) Define common ion effect. Give a sultable example.
(v) Differentiate end point and equivalent point.
() Asolution is prepared by mixing equal volumes of two solutions: one with a pH of 4.0 and another with a pH
of 10.0. Calculate the Ky for this mixture at 25°C.
(vil) How does a buffer maintain pH stability?
(vil) Why is aqueous solution of NH.CL slightly acidic?

Q.3 Extensive Questions. (2x4=8)

(a) Describe the Bronsted-Lowry theory of acids and bases. Provide examples of conjugate acid-base
pairs and explain clearly their relationship.

(b) The molar solubility of silver chromate (Ag: CrO4) In pure water at 298 K is 6.5 x 10™* mol dm™.
Calculate the K, of silver chromate at this temperature.

—eofo—
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Studont Learning Outcomeos
frer studying this chapter, students will be able to: ‘

Deline the terms redox, oxidation, reduction, and disproportionation (In terms of electron transfer
and changes In oxidation number). (Knowledge)

Apply the concept of oxidatidn numbers In Identifylng oxldation and reduction reactions. (Application)
Identily the oxidizing and reducing agents In a redox reaction, (Knowledge)

pescribe the role of oxldizing and reducing agents In the redox reaction. (Understanding)

Apply the concept of changes In oxidation numbers to balance chemical equations. (Application)
gxplain how electrolytic cells convert elecirical energy to chemical energy, with oxidation at the
anode and reduction at the cathode. (Understanding)

predict the Identities of substances liberated during electrolysis based on the state of the electrolyte,
position In the redox serles, and concentration, (Knowledge)

Apply the relotionship between the Faraday constant, Avogadro constant, and the charge on the
electron to solve problems, (Application)

Calculate the quantity of charge passed during electrolysls and the mass or volume of substance
liberated during electrolysis. (Application)

Deduce the Avogadro constant by an electrolytic method. (Application)

Define the terms standard electrode potentlal and standard cell potential. (Knowledge)

Describe the standard hydrogen electrode (SHE) and methods used to measure standard electrode
potentlals, (Understanding)

Calculate the standard cell potentials by combining the potentlals of two standard electrodes and
then use these to predict the feasibllity of a reaction and the direction of electron flow In a simple
cell, (Application) ‘

Deduce the relative reactivity of elements compounds, and lons as oxidizing agents or reducing
agents from thelir electrode potential values. (Application)

Construct redox equations using relevant half-equations. (Application)

Explain how voltaic (galvanic) cells convert energy from spontaneous, exothermic chemical processes to
electrical energy, with oxidation at the anode and reduction at the cathode. (Understanding)

Explain how voltalc cells convert chemlcal energy from redox reactions to electrical energy using
Cu=Zn galvanic cell as an example, (Understanding)

Explain how electrode potentials vary with the concentrations of aqueous lons and use the Nernst
equation to predict this quantitatively. (Understanding)

Explain the concept of the activity serles of metals and how It relates to the ease of oxidation.
{Understanding)

Deduce the feasibility of redox reactions from activity serles or reaction data. (Understanding)
Explain the merits of pholovoltalc cells as sustainable ways of meeting energy demands by making
reference to the photovoltalc principle. (Understanding)

Explain the use of the Winkler Method to measure blochemical oxygen demand (BOD) and its use as
a measure of water pollution, (Understanding)

J/
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The branch of chemistry which deals with inter conversion of electrical and chemical energy e, elecy,
energy into chemical energy and chemical energy into electrical energy is called electrochemistry. i

OXIDATION, REDUCTION, AND REDOX REACTIONS

- =
¢ Interesting m

Photosynthesis is a redox feactian
provides food for the entire plangy <h
another one s respiration thyy
you alive, both are redox reactign, "

%
@ Rack Your Ming:

1. Calculate the oxidation numbey

Oxidation is a process involving loss of electron or electrons.

Fe' —Fe +e”

" —Zn't +e”
Here Fe'? and Zn® have lost electrons, therefore they are oxidized.
Reduction is a process involving gain of electron or electrons.

Cl® +e- —C(™
Cu'? +2e” —Cu°

In these examples, C£° and Cu*? have gained electrons; therefore, they "o

are reduced. 1A KyCrOy.
Differences between Oxidation and Reduction: o
sr. No. Oxidation Reduction )
1. | The addition of oxygen in a specie is called | The removal of oxygen or an electm
oxidation. element from a specie is called reduction,
eg, 5+0, —>S0, €8
c+0, co, In0+C—Zn+CO
Cu0+C——>Cu+CO
WDy~ 2FeCl, +H, —>2FeCl, + 2HC(
In these examples, oxygen is added to S, C and CO.
2 The removal of hydrogen is also called oxidation. | The addition of hydrogen to a specie is calleg
eg., reduction. e.g.,

H,5+Cl{, —>2HC(+S
CH, +20, —>CO, +2H,0
S0, H;S and CH; are oxidized.

H,S+Br, —>2HBr +§

Here bromine gets reduced as it gaing
hydrogen to form HBr.

H,C=CH, +H, *H,C-CH,

Gain of electrons and hence decrease in
oxidation number is called reduction. e.g,

3. Loss of electron/s and hence decrease in oxidation

number is called oxidation. e.g.,
In—2Zn** +2e” Zn' +2¢e” —2Zn

Here Zn is oxidized to form Zn®* ions. Here Zn** is reduced to form Zn.

4. In electrochemical cells, oxidation takes place at
anode.

In electrochemical cells, reduction takes place
at cathode.

» Redox Reactions

“Those reactions in which one species (atom, ion or molecule) is

P Oxidation Number rules can be
oxidized while other is reduced are called redox reactions”.

applied 1o any compound, wheths
lonic or covalent species.

There are two ways of finding out whether or not a substance has

been oxidized or reduced during a chemical reaction:
* Electron transfer
* Changes in oxidation number
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OXIDATION NUMBER AND ITS SIGNIFICANCE

finition
pelin
,Mwmtlon number Is a number given to cach atom or lon In a compound that shows us Its degree of oxidation.”

Or
*It Is the apparent charge on an atom (per atom) of an element In a molecule or an lon.”
« The oxidation numbers are also called oxidation states,
« Oxidation numbers can be positive, negative or zero, The + or = sign must always be Included,
« Higher positive oxidation numbers mean that an atom or lon is more oridized,
« Higher negative oxidation numbers mean that an atom or lon Is more reduced,

oOxidation Number Rules

The oxidation number of any atom or lon can be deduced by using
oxidation number rules. It is important to note that an oxidation
number refers Lo a single atom in a compound,

j. The oxidation number of any uncombined element is zero, For

@ Rack Your Mind!
2. In ;l oxldation reactions, stoms

an e in » Jeal
example, the oxidation number of each atom in §,,H,,C(,,Na,Mg :«m lose  electroms  and
and Zn Is zero, ' incrams thein
il. Ineither a compound or an lon, the more electronegative element 1[;:?;::;: —
is given the negative oxidation number. In HF, fluorine has -1 (¢) Heductions

oxidation number,

fii. In compounds, many atoms or ions have fixed oxidation numbers,
group 1 alkall metals are always +1, group 2 alkaline earth elements are always +2, group 17 halogens
in binary compounds are always =1, hydrogen is +1 (except in metal hydrides, such as NaH, where it is
-1), oxygen Is =2 (except in peroxides, where it Is =1, and in RO, where it is +2).

iv. The oxidation number of an element in a mono-atomic lon is always the same as the charge on the lon,
for example, C£™ Is =1,Af*" is 43,

v. The sum of the oxidation numbers in a compound Is zero. In neutral molecules, the algebraic sum of
the oxidation numbers of all the elements is zero. e.g., In HCL (41 =1 = 0), NaCL (+1 -1 = 0),

vi. In polyatomic ions, the algebraic sum of oxidation number equals the charge on the lon. eg.,
NH}, CO;* and SO;”.

vil. For transition metals and many non-metals, Ox. No. cannot be fixed as they show variable Ox states.
Therefore, there Ox. Nos. are always determined by calculations.

While applying the oxidation number rules in the following examples, 'Ox. No.' as an abbreviation for

oxldation number is used.

* Hydrogen shows -1 oxidation state with all metals.

Hydrogen shows +1 oxidalion stale with all non-metals,

Oxygen shows negalive oxidation state with all metals,

Oxygen shows negalive oxidation stale with all non-metals exceplt fluorine

* Oxygen shows -2, =1 and =1/2 in H,0,Na,0, , and KO; respeciively,

(4] Hegative charges

9 Finding Oxidation Number of an Element in a Compound or a Radical

5

The oxidation number or state of any atom of an element present in a compound or a radical can be
determined by making use of the above-mentioned rules.
Compounds of a Metal with a Non-metal
A metal always has the positive Ox. No. and nonmetals have the negative Ox. State. For example, in
sodium sulfide, Na,§:

2(+1)+S =0

+2+S5=0
§=-2
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» Compounds of a Non-metal with a Non-metal
In compounds containing two different non-metals, the sign of the Ox. No. depengs -
electronegativity of each atom. The most electronegative element Is given the negative sign L

Sample Problem 10.1
Find the oxidation No of § in Sulfur dioxide, SO,.
Ox. No. of each O atom = =2
For two oxygen atoms = 2 x (=2) = =4
50, has no charge, so the total Ox. No. is zero. So,

$+2(=2) = 0
S=4 =0
S = <4

Ox. No of $=+4
© Compound lons

Compound ions are ions with two or more different atoms. Examples are the sulfate ion, so!
nitrate ion, NO,

Sample Problem 10.2

Calculate the oxidation number (Ox. No.) of Sulphur in SO
Solution:
[Ox. No. of 5] + 4[Ox No.of 0] = =2
S5+4(=2) = =2
S =46
Thus, the oxidation number of sulphur in 50" is +6.

| M QUICK CHECK 10.1

1a) Define oxidation and reduction in terms of electron transfer with examples.
| Ans. Oxidation: The loss of electrons by a substance

Example:

o d0d 1,

Na—sNa* s’

Sodium loses one electron — oxidation
Reduction: The gain of electrons by a substance
Example:

Cli+s 2e — 20U
Chlorine gains electrons — reduction
Define oxidation and reduction in terms of change in oxidation number with examples.
Oxidation: The process involving increase i oxidation number is called Oudation
Example:

T

Fe;—s Fe,+e

Reduction: The process to decrease in oxdation number is called reduction
Example:

cl, —s 2C
Oxidation number decreases from 0 to =1 — reduction
l¢) Determine Ox. No. of:
'i)  Oxygen (N)in Na,0
s Ans. Oxygen (0) in Na,0
| Let oxidation number of oxygen = x
[ Na = +1
|

2stex=0 =x222

|
L]
|
L
|
1]
I
'
|
L]
|
L]
|
L]
|
L]
Oxidation number increases from «2 to +3 — oxidation !
|
L]
|
]
|
]
|
L]
|
]
|

€

I
[
v
|
[
|

v
! Ans. Chromium (Cr) in K3Cr 0,
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ﬁ; (1) In iCZ,
i as. lodine (1) in ICLy

Let lodine = x, Chlorine = -1
x+3(=1)=0 =2x=-3=0

D =43

Oxidationno.of linICly =+ 3

'4) Nitrogen (N)in NO}”
 AnS- Nitrogen (N) in NOy~

LetN=x0==2
x+3(-2)= -1 =x-6=-1
chromium (Cr) in K,Cr,0,

= x=45 Owdation no.of N in NOy™ = +5

K=+1,0==2,Crex
1;.“.2{:}»?{-1} =0
22¢x=14=0 = 2x=12
Manganese (Mn) in KMnO,.

= x=4+6 Oxidation no. of Crin K;CrO; = +6

solution:

{0x No of K) + (Ox. No. of Mn) + 4(Ox No.of0)=0
*s1+Mn+4(-2) =0
{+1)+Mn=-B =0

or Mn = +7 Oxidation no. of Mn in KMnOy = +7

- —— A ————————————— - — - — i —

DISPROPORTIONATION REACTION

-
-

Disproportionation Reaction

A chemical reaction where a single substance (a species ie. molecule, atom or ion) acts as both the

ondizing and reducing agent, resulting In two different products with different oidation states

This type of reaction involves the simultansous oxidation and reduction of the same element.
Example 1:

The decomposition of hydrogen peroxide (H,0,) to form water (H,0)
and oxygen (O,) is a disproportionation reaction:
an example.

2H,0, —=H.0;' - 0]

@MYlilﬂ!
& What are redox reactions? Give

Oxidation number of oxygen in H.0, =-1
Ondation number of oxygen in H,0 = -2 (Oxygen is reduced from =1 to-2)
Oudation number of oxygen in 0, =0 (Oxygen is oxidized from -1 to 0)
Example 2:

BNaOM, , +3C77 , — SNaCf[ +NaCr™ 0, +3H,0
Oxidation number of chlorine atoms in C/, =0
Oxdation number of chiorine in NaCl = =1 (Clis reduced from 010 -1)
Oxdation number of chiorine in NaCLO, = +5 CL is (oxidized from 0 to +5)

Important: Disproportionation reactions can occur where ions or molecules can exist in multiple oxidation

states in a reaction
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OXIDIZING AGENT (OXIDANT) AND REDUCING AGENT (REDUCTANY,

Oxidizing Agent Reducing Agent -

A reducing agent (atom, ion or moieafe'f‘i?r-\
substance which reduces some other substance .
is itself oxidized to a higher oxidation state by b:
one or more electrons.

if an element M loses one electron and E_‘;-";?n‘;;‘
to M* cation, the element M is said to be acting =
reducing agent, since it is providing electrons, j P
higher oxidation state. Thus,

An oxidizing agent (atom, ion or molecule) is that
substance which oxidizes some other substance, and
is itself reduced to a lower oxidation state by gaining
one or more electrons.

If an element M gains one or more electrons and is
converted into M™ anion, the element M is said to be
acting as an oxidizing agent, since it withdraws an
electron from the other atom, in this process

oxidation number of M has decreased that is: For reducing agent
For oxidizing agent M—M* +e”
O e [Ox. No. = 0] |Ox. No. ==1]
[Ox No =0] [Ox. No.==1) (Lower Oxidation State) (Higher Oxidation State)
(Higher Oxidation State) (Lower Oxidation State) | For example,

For example, Na—>Na® +e”

Cl+e” —CI™

;IJ QUICK CHECK 10.2

identify the oxidized species and reduced species In the following equation. Also identify the Oﬂidiuq
and reducing agents on the reactant side.
I Fe,0,,)+CO, —>Fey, + co,w

o = — e — - — —
—

1]
L}
|
L]
|
]
I
]
| 1. Assign Oxidation Numbers (O.N.):

d *  Fei0y: 0is—2.50, 2(0.N. of Fe) + 3(=2) =0 = 2(O.N.of Fe)=+6 = O.N.of Fe=+3.

! *  €O:0is~2.50, O.N. of C+(~2) =0 => O.N. of C=42.

| =  Fe: O.N. of Fe = 0 (elemental form).

' *= CO0;:0is-2.50,0.N.of C+2(-2)=0=0.N.of C=+4.

| Identify Changes in O.N.:

' * Fe: 0.N.changes from +3 in Fe;0; to 0 in Fe. (Decrease in O.N.)

| * C:0.N.changes from +2 in CO to +4 in CO;. (Increase in O.N.)

i * 0:0.N. remains -2 throughout.

s 3. Identify Oxidized and Reduced Species:

| = Reduced Species: Fe in Fe;0; is reduced (its O.N. decreases from +3 to 0). So, Fe;0; is the

' species containing the element that is reduced.

| * Oxidized Species: C in CO is oxidized (its O.N. increases from +2 to +4). So, CO is the species
i containing the element that is oxidized.

L)

I

L

|

]

|

4. Identify Oxidizing and Reducing Agents (on reactant side):
= Oxidizing Agent: The species that causes oxidation and gets reduced itself. Fe;0; gets reduced.
So, Fe;0; is the oxidizing agent.
= Reducing Agent: The species that causes reduction and gets oxidized itself, CO gets oxidized 5,
CO is the reducing agent.
il. CHI‘(‘) + 20%) - co,[" + zHlO(‘)

Ans.
1. Assign Oxidation Numbers (O.N.):
= CHgHis+1.50,0.N.of C+4(+1)=0=0.N.of C=—4.
- Oz 0 N. ofo =0 (elemental form]

e —-

—— —— — —— - ———— i —— - — -

|
|
|
|
i
!
|
|
|
|
|
i
|
!
|
I

I
!
|
i
.'
|
. ! =
I
|
|
|
I
|
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'ﬁf:__;co—,.als—z So, O.N. qu+2{-2]-n=,o" of C = +4.
! « H;0:HIis+1,0i5-2.O.N.of 0 ==2,
2. Identify Changes In O.N.:
s C:0.N. changes from =4 in CH: to +4 in CO;. (Increase in O.N )
« ©0:0.N.changes from 0in O: *n =2 in CO; and H;0. (Decrease in O.N )
« H:O.N.remains +1 throughout.
3. Identify Oxidized and Reduced Species:
= Oxidized Species: C in CH. is oxidized (its O.N. increases from =4 to +4). S0, CHa is the species
containing the element that is oxidized,
Reduced Species: O in O; Is reduced (its O.N. decreases from 0 to =2). S0, O; is the species that
is reduced.
4. Identify Oxidizing and Reducing Agents (on reactant side):

0; is the oxidizing agent.

= Reducing Agent: The species that causes reduction and gets oxidized itselfl. CH, gets oxidized
S0, CHy is the reducing agent.

identify the species in the following reaction which undergoes both oxidation and reduction.
2NaOzg + 2H200 — 4NaOHsq + Oy

I
i
|
]
|
[
|
]
| .
'
|
i
|
I
I
]
I

1. Identify oxidation states:

* In NaO; (Sodium superoxide)

= Naisalways+1

= Let the oxidation state of O be x

. SO:*1+2130=>213*1=K=—%

Each oxygen Iin Oz~

In NaOH: ~
Ois-2

= In O; (oxygen gas)

0is0

2. What happening to oxygen

= InNaO;:

Oxygen starts at -1/2

Products:

= Some oxygen atoms become -2 in NaOH — reduction

= Some become 0 in O; gas —» oxidation

The species that undergoes both oxidation and reduction is:
The superoxide ion (0;7) in NaO;

It disproportionate:

= Partof it is oxidaized to O; (0)

= Partof it is reduced to OH" (via NaOH, where O is -2)

P"(‘) +30HE_‘) + an,om —bPH,(') + 3H|PO;(“}

1. Assign Oxidation Numbers (O.N.) of Phosphorus in each species:
* P4 (White phosphorus): O.N. of P = 0 (elemental form).
PH; (Phosphine): H is +1. So, O.N. of P+ 3(+1) =0 = O.N. of P ==3.

=>+2+0N of P-4=-1=0N.of P-2=-1=0N. ofP:-c»l

= Oxidizing Agent: The species that causes oxidation and gets reduced itself O; gets reduced So,

= H,PO; (Hypophosphite fon): H is +1, O is=2. So, 2(+1) + O.N. of P + 2(=2) = -1 (charge of the ion)

— — — — G e e e e e e e e S W R S W e s e e e e e e e e W
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| 2. Analyze the changes Tor | Phosphorus:

' * Inthe reactant Py, P has an O.N. of 0. !
! = Inthe product PH,, P has an O N. of -3 (Reduction: 0 — =3, decrease). |
| * Inthe product H;PO,, P has an O.N. of +1 (Oxidation: 0 —» +1, increase). '
p 3. Conclusion: |
| The species that undergoes both oxidation and reduction Is Phosphorus in Ps. (Or you can Say the |
! species is Py itself)

BALANCING OF REDOX EQUATIONS BY OXIDATION NUMBER METHQp

The following steps are carried out for balancing of redox equations by oxidation number method:

I Wnite down the skeleton equation of the redox reaction under consideration.

ii.  Identify the elements, which undergo a change in their oxidatign number during the reaction,

lil.  Record the oxidation number above the symbols of the element, which have undergone a chan,
oxidation number.

Iv. Indicate the change in oxidation number by arrows joining the atoms on both sides of the equay
shows number of electrons gained or lost.

v.  Equale the increase or decrease in the oxidation number, i.e., electrons gained or lost by multip
a suitable digit.

vi.  Balance the rest of the equation by inspection (hit and trial) method.

@- Did You Knowz‘

Sequence of the balancing the chemical equation using inspection (hit and trial) method.
= Firstly, balance atoms of all elements except nitrogen, oxygen and hydrogen.

e Secondh Lalance 3'oms of nitrogen (if in the equation).

= Thirdly, balance g, sms of oxygen (if in the equation).

* Lastly, balance atoms of hydrogen (if in the equation).

8€ in thy
on. |y

lylng with

If an element in a species undergoes only increase in oxidation number or decrease in
oxidation number in a reaction. The specie containing such element is written once on the
RHS of the equation.

an +HCI‘.“ —bZnC(J(.’} +H?“}
b

—

If an element in a species undergoes both increase in oxidation number or decrease in
oxidation number simultaneously in a reaction (as In case of self-redox or
disproportionation reaction). The specie containing such element Is written twice on the
RHS of the equation. First for increase In oxidation number while second Is written for
decrease in oxidation number.
Cé, +NaOH+Cf, —»NaC{ +H,0+NaOC{

c) If an element in a species undergoes increase or decrease in oxidation number as well as
no change in oxidation number in a reaction. The specie containing such element is also
written twice. First, for change in oxidation number while second is for no change in
oxidation number.

HNO, +Cu+HNO, —>Cu(NO, ), +H,0+NO,
HCL +K,Cr,0, +HCE—>CL, +KCL+CrCE, +H,0

, Balance the given equations by oxidation number method.
| L
| Ans. Step 1: Oxidation numbers
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Zample Problem 10.4

galance the following equation by oxidation number method.
K,Cr,0, + HCZL —»KCL+CrCe, +~CL, +H,0

golution:
1 write down the skeleton of chemical equation.

K,Cr,0, +HCL—»Cf, +KCL + CrCL, + H,0
Write down the oxidation number of each element.
Ky €' 0] +HCE™ —Cr K Cr™ s e sy + HTO™
3. |dentify the elements that show change in n;i:latlon number on both sides.

o

[ |
K/CriOy « H'C' = €L + K"CE + CrCl, +H)O

Here, Cr undergoes a change in oxidation szteate from +6 to +3 and it is reduced (acts as an oxidizing agent)
while CLundergoes a change in oxidation state from -1 to 0 and it 1s oxidized (acts as a reducing agent).
4. Writetwo half reactions separately i.e., reduction and oxidation reactions
K,Cry "0, —»2Cr**CL, Half reduction reaction _______ (i)
2HCE'™ — €L} Half oxidation reaction (i)
Decrease in Ox. No. of Cr is 6 units for one molecule of K,Cr,0,.
Increase in Ox. No. of CLis 2 units for 2 molecules of HCL

Eq. (il) is multiplied by 3 in order to equalize the loss of electrons and the gain of electrons i.e., 6 electrons
in this equation.

3x2HCL— 3CL,
6HC(—3CL, {iv)
Now eq. (i) becomes:
K;Cr,0; + 6HCI — 3C/, +KCL +2CrCé, +H,0
5. Rest of the following equation is balanced by inspection method:
K,Cr,0, + BHCL —3C¢, + 2KCE +2CrCL, +H,0

To balance CL and K, 14 molecules of HCL and 2 KCL molecules are required, therefore, we add 8 HCL to
left hand side

8HCL +K,Cr,0, + 6HCA ——»2CrCL, + 3CL, +2KC{ +H,0
To balance hydrogen and oxygen, 6H,0 are added to RHS.
Hence, the balanced equation is,

K Cl‘,O +14HCI——»2KC[+ZCrC£ +3CL, +7H,0
_____________________________ g
M QUICK CHECK 10.3

—— — —— —— — —

re,o,{_) + com —rFe(.) + CO,m

* FeinFe;0,:+3 — Fe: 0 (reduced)

s CinCO:+2 — Cin CO;: +4 (oxidized)

Step 2: Determine changes

« Fe:+3 — 0 (gain of 3 electrons per Fe, 2 Fe atoms = 6 e gain)
* C:+2 — +4 (loss of 2 electrons per C atom)

Step 3: Equallxe e~ transfer
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g e
~ Balanced equation: \:‘:&

Fe;0y + 3CO0— 2Fe + 3C0O;

il.  MnO, +HCL—MnCL, +H,0+CL,
Ans. Step 1: Oxidation numbers

e Mnin MnO;: +4 = Mn In MnCly: +2 (reduced)

» ClinHCL =1 —» Cl;: O (oxidized)

Step 2: Determine changes

s  Mn:+4 = +2 (gain of 2 electrons)

e ClL:-1->0(lossof 1 electron per CL atom; Cl; = 2 CL atoms = 2e" lost)

Step 3: Equalize e transfer

« 2CL oxidized = 2e" loss

* 1Mn* reduced = 2e" gain —» already equal

Balanced equation:

342

MnO; + 4HCL—> MnCl; + 2H,0 + Cla
. Fely, +l\|"ll'|0[mI —bFem, + Mnm,
Ans. Step 1: Oxidation numbers
* Fe!* — Fe' (oxidation, loss of 1 e7)
* Mn’ in MnO; = Mn?* (reduction, gain of 5 &)
Step 2: Equalize electrons
e  Multiply Fe® — Fe*" by 5 :
Step 3: Balance rest (acidic medium)
*  MnO, + 8H" + 5~ = Mn?* + 4H,0
Balanced equation:

|

]

|

[}

I

]

|

L]

|

[}

|

]

|

]

|

]

|

]

|

[ S5Fe?* + MnOj + 8H* —» S5Fe?* + Mn?* + 4H,0

! WV KyCROy (g +FeSO, (g +HyS0, (1 —> €1 (S0, )y, +F, (50, )y0q) +K150,0q) +HiOy
| Ans, Step 1: Oxidation numbers

]
| e CrinCr;0)7:+6 — CP*: 43 (reduction, gain of 3e~ per Cr)

i = Fe? — Fe*:oxidation (loss of 1e7)

- Step 2: Cry0,*" contains 2 Cr — 6e~ gained

| » Therefore, 6 Fe** needed (each loses 1e)

i Balanced half reactions:

i s €03 +14H* + 6e~ — 2Cr* + 7H,0

! o GFe' — 6Fe™ + 6e"

| Combine:

; Cri07 + 6Fe™ + 14H" — 2Cr** + 6Fe™ + 7TH,0

% Include sulphates and potassium:

| e  Cr0} — Cra(SO4)s

]
I » Fe®* — Fey(S04)s (needs 6 Fe* — 3 Fey(S04)s)

' « K*and SO; balance with K;50.

! Full Balanced equation:
| KiCrz0; + 6FeS04 + 7H2504 — Cra(SO4);s + 3Fes(S04)s + KaSO4 + +7H.0
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ELECTROLYTIC CELL

e electrolytic cell Is a device that converts electrical energy into chemical energy through a process called

ctrolysis.
» construction:

Jt consists of two electrodes, typically made of metal or another conductive material, which are immersed
in an electrolyte-a substance containing free ions that carry electric current.

Process:

when a direct electric current is applied, one electrode becomes negatwelv charged (the cathode) and the
other positively charged (the anode).

In an electrolytic cell, positive ions in the electrolyte migrate towards the cathode, where they gain
electrons (a reduction process), while negative ions move towards the anode, where they lose electrons
(an oxidation process). This movement of ions and transfer of electrons results in chemical changes at the
electrodes, effectively converting electrical energy into chemical energy.

/ Dwrect currenl power supply
- =
Anode Cathode
(Pasitive elecirode) (Negative electrode)
) ~

> Electrolyle

Figure: Main parts of an electrolytic cell
Applications of Electrolytic Cells:
Electrolytic cells are used in the electrolysis of sodium chloride to produce sodium metal and chlorine gas,
the refining and plating of metals, and the productlon of chemicals like caustic soda Electrolysis Is also
used to produce non-metals such as chlorine and to purify metals. Electrolysis is generally carried out in an
electrolysis cell as shown in Figure.
In the electrolysis cell:
o Electrolyte: The electrolyte is the compound that is decomposed; it is either a molten ionic compound
or a concentrated aqueous solution of jons
« Electrodes: The electrodes are, made from either carbon (graphite) or metal, which conduct electricity
to and from the electrolyte - the anode is the positive electrode - the cathode is the negative electrode
» DC: The power supply must be direct current.
(Note: The actual structure of the cell will vary according to the element extracted).

REDOX REACTIONS IN ELECTROLYSIS

During electrolysis, the positive lons (cations) move to the cathode. When they reach the cathode, they gain
electrons from the cathode.
For example:

Cuj,,

(1] +2e” cu{t}

2H,, +2e ’H:m
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Gain of electrons Is reduction and it always occurs at the cathode. If metal atoms are formed, g,
deposited as a layer of metal on the cathode. Alternatively, they may form a molten layer Inthe coly, i h?:'t [
gas is formed, it bubbles off rc‘l'-,
The negative fons (anlons) move to the anode. When they reach the anode, they lose electrons 1 the
Loss of electrons Is oxidation. Oxidatlon always occurs at the anode. Mgy
For example:

-—-pCf’" ot e

6,
A0, 20, + 2,0, +4e

Electrolysis is a redox reaction. For example, when molten zine chloride (ZnCf,) Is electrolyzed, )y oleqy
([
reactions are: %

« Cathode: Zn:,'l +2e” —»In {Reduction)

0]
s Anode: 2C7 ———-C!m, 20 (Oxidation)

The electron loss at the anode balances the electron gain at the cathode. The overall reaction Is

Zan,m —Zny, vClyy

| [j QUICK CHECK 10.4

— — . — — - —
—
-

I
| Molten copper (Il) bromide (CuBr,) Is electrolyzed using Inert electrodes. !
vl Which lons are present In this solutlon? [
| Ans. The ions present are Cu®* and Br, i
'il.  Name the electrode on which the formation of copper metal occurs? !
! Ans, Copper metal forms on the cathpde. |
I ill.  Give the half-equation that represents the formation of copper metal. i
, Ans, Cu™ +2e" —» Cu |
| iv.  Write the half-equation for the formation of bromine on the other electrode. i
(]

- — ———- -— . —- - —— e — — - — . — - — i —
—
-

MASS OF A SUBSTANCE DEPOSITED DURING ELECTROLYSIS

The mass of a substance produced at an electrode during electrolysis is proportional to the time over whig,,

constant electric current pass and the strength of the electric current,
Combining current and time, we get the relationship:
Qe=lxt
Q = Charge (in coulombs, C)
I = Current (in amperes, A)
t = Time (in seconds, s)
The mass of a substance produced at (or removed from) an electrode during electrolysis is proportional to the
quantity of electricity (in coulombs) which passes through the electrolyte.
»  Faraday:
The quantity of electricity is often expressed in terms of a unit called the Faraday (symbol F). 1 Faradayis
the quantity of electric charge carried by 1 mole of electrons or 1 mole of singly charged lons, Its value is
96500 C mol ', '
Electrolysis of Silver Nitrate Solution:
During the electrolysis of silver nitrate solution, silver is deposited at the cathode.
IAIEi‘lnl +e’ _bAglll
1mol 1mol 1mol
1 Faraday of electricity (96500 C) Is required to deposit 1 mole of silver,

»  Electrolysis of Copper(ll) Sulphate:
During the electrolysis of copper (I1) sulphate solution, copper is deposited at the cathode.

Where

v

sCHOLAR B CHEMISTRY (11') »
p—

"
(llrm vl »l u,
Lol 2mol  1mol
the equation shovs that 2 moles of electrons are aeeded 16 produce 1 mole of copper from Q' lons 50,
itrequires 2 Faradays of electricity (2 296500 €) 1o deposit 1 mole of copper
No. ol Fataday « No_ of moles of electrons gained or lost

AMOUNT OF SUBSTANCE PRODUCED DURING ELECTROLYSIS

—
he value ol F can be used 1o calculate the mass of substance deposited at an electrode and the valume of gas
pmdmmi atan electrode

Probloms 10,
Calculate the mass of load (Pb) deposited at the cathode during electrolysis when a current of 1.50 A flows through
molten lead (1) bromide (PhBr;) for 20.0 min, (relative atomic mass, Ar value: [Ph) = 207; F = 96500 C mol™)

solution:
step 1 Write the hall-equation lor the reaction
Pb;;ﬂ Ve — —--tl'bhJ

step 2: Find the number of caulombs required 1o deposit 1 mole of product at the electrode
2 moles of electrons are required per mole of Ph formed = 2§

= 2 # 96500
* 193000 € mol ™
step 3: Calculate the charge transferred during the electrolysis,
Q=lxt
= 1.50 » 20 # 60
= 1800 C

step 4: Calculate the mass by simple proportion using the relative atomic mass,
193000 C deposits 1 mole Pb, = 207 g Ph

207
d o ——
1 Cdeposits I'JJOUOF’
1800 C de osils-—ﬂ-;lm 193¢ Pb
POsits = 193000 o8

AVOGADRO'S CONSTANT BY THE ELECTROLYTIC METHOD

Q. How Avogadro's number can be derived using an electrolytic cell?

Avogadro's Constant:

« The Avogadro's constant, L, is the number of specified particles (atoms, molecules, or lons) in 1 mole
An electrolytic method can be used to find a value for the Avogadro's constant by calculating the
charge associated with 1 mole of electrons,

N, - Charge on1 mole of electrons
5 Charge on1 electron
+ The charge on the electron can be calculated by experiment, The results show us that the charge on

the electron is approximately 1.60x10 " C.
2 Finding the Charge on 1 Mole of Electrons

« The charge on 1 mole of electrons can be found from a simple electrolytic experiment. The apparatus
for this Is shown in Figure.

Procedure:
« The procedure is 1o weigh the pure copper anode and pure copper cathode separately arrange the

apparatus during the electrolysis of aqueous copper{ll) sulfate as shown in Figure.

v




>

Ans.

r—-—-———-—.-

Chale: av snr :l%

The variable resistor is used to keep the current constant pass about 0.2 amperes.

Pass a constant electric current for a measured time Interval, e.g., 40 min.

Remove the cathode and anode and wash and dry them with distilled water and then with Propang,
Reweigh the cathode and anode. ne

Battery
:l 1
il ’ | | J vanatle
Ammeter resistor
Copper anode Copper cathode
=
CusS0,,,
™ sclution

Flgure: Apparatus for calculating the mass of copper deposited
» The cathode increases in mass because copper is deposited.
« The anode decreases in mass because the copper goes into solution as copper lons. The deﬁfease
the mass of the anode is measured. This is preferred because the copper does not always stick o
cathode very well. .

Calculating Charge on An Electron

A sample calculation is shown below, using a current of 0.20 A for 34 min.

mass of anode at start of the experiment =56.53 g

mass of anode at end of experiment =56.40g

mass of copper removed from anode =013g

quantity of charge passed Q =lIxt
=0.20%34x60
=408 C

As the amount of copper removed is 0.13 g
So, 0.13 g of copper requires = 408 C
408

1gofco ires = ——
g of copper requi 013

63.5 g of copper requires = mxﬁ3.5=99646 C
But the equation for the electrolysis shows that 2 moles of electrons are needed to produce 1 mole of copper:

Cuf:.] +2e” —Cy,)

190500
2

The charge on 1 mole of electrons = =95,250C

If the charge on one electron is 1.60x107C,
=1.58x107°¢C

Charge on an electron = 95250
6.02 x

An agueous solution of silver nitrate is electrolysed. Calculate the mass of silver deposited at the '

cathode when the electrolysis is carried out for exactly 35 min using a current oi 0.18 l.!

(Ar{Ag] =108;F = 96500 Cmol*) |
Electrolysis of Silver Nitrate (AgNO,)
According to Faraday’s First Law of Electrolysis:
Mass (m)=QxMnxF

.

M="0xF  1x96500 96500
An electric current of 1.04 A was passed through a solution of dilute sulfuric acid for 6.00 min. The
volume of hydrogen produced at STP was 41.5cm’,

How many coulombs of charge were passed during the experiment?
Calculate total charge passed

b)

’cuou“ T LAIeTaw e yea g 34?
/.’-__:,.:'—_—__.__.....-—--—-—-—-n—.--—--—-_-—-—-—--———-—--—-—
S~ “where:
| Q= Ixt
i timest = charge in coulombs
p M = molar mass of Ag = 108 g/mol
! N = number of electrons per ion (Ag* = Ag = 1e7)
I F = Faraday's constant = 96,500 C/mol
' step 1: Calculate Q
! I = 018A
| t= 35min=35x60=2100s
i Q= Ixt=018%2100=378C
A step 2: Calculate Mass of Ag
378x108 40824
! Qxi_ S/0% -0423g
|
]
|
1
|
1

I
Ans.

1 1.04A
t 6.00min=6x60=360s
Q= Ixt=104x360=3744C
How many coulombs of charge are required to liberate 1 mole of hydrogen gas? (F=96 500Cmol™)
. Charge required to liberate 1 mole of H; gas
Reactlon at Cathode:

"

2H" +2¢" —H,
$p, 2 moles of electrons are required for 1 mole of H;.
Charge = 2 xF=2x96500=193000C

———— ———— — — o

‘ELECTRODE POTENTIALS
(Ease of oxidation and reduction)

Eu_r;s the redox processes, a redox equilibrium exists between two chemically related species that are In
different oxidation states.

pefinition:

*when a metal Is put into a solution of its ions, an electric potential (voltage) is established between the
metal and the metal ions in solution. This Is called electrode potential”.

Itindicates the ease of oxidation or reduction of a substance.

Example: When a copper rod is placed in contact with an agueous solution of its ions, the following equilibrium
exists:

cl.lh

o) 28" ==0Cu(,,

'

Explanation:

There are two opposing reactions in this equilibrium.

Metal atoms from the rod entering the solution as metal lons. This leaves electrons behind on the surface
of the electrode.

3)

1+ -
Cl.l[‘)-—+Cu(“)+2e
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b)

lons in solution accepting electrons from the metal rod and get deposited as metal atoms Om
the electrode. tel

Cl-l('.',; +2e" —Cy,

The redox equilibrium is established when the rate of electron gain equals the rate of electron logs.
For unreactive metals such as copper, if this equilibrium is compared with the equilibrium set yp by Ot
metals, the equilibrium set up by copper lies further over to the right.

Cut y+2e” —Cy,

Cu »a) lons are therefore relatively easy to reduce. They gain electrons readily to form copper meta),

For reactive metals such as vanadium, the equnhbnum lies further over to the left.

Vi +267 Yy

V";] lons are therefore relatively difficult to reduce. They gain electrons much less readily by cgmmnm

The position of equilibrium differs for different combinations of metals placed in solutions of their ions,

9 Electrical Double Layer
It is thought that the absolute electrode potentials cannot be measured due to the formation of 3
electrical double layer, when an element is placed In a solution of its ions.
Example: S
A strip of Zinc in a solution containing Zn lons: B Zincrog
* When zinc is placed in a solution containing zinc ions, 3:‘, T )
a tiny number of zinc atoms on the surface of the (@] (@)
metal is converted to zinc ions, which go into @ oy @
solution. This leaves an excess of electrons on the @ s @
surface of the zinc. e
» The solution around the metal now has excess Zn'" Q--|@ B "
ions. Some of these catlons near the surface of the @--|®
zinc are attracted to its surface. So, an electrical @@
double layer is formed. @ [ @
= This buildup of charge causes an electric potential v
(voltage) between the metal and the metal ions in Zme(ll) lons
solution as shown in Figure 10.3. Figure: Formation of electrical double layer
* Due to the formation an electrical double layer, the
potential cannot directly be measured.
= The difference in potential between the metal/metal lon system and another system can be measyrag
We call this value the electrode potential, E. Electrode potential is measured in volts. The system w:
use for comparison is the standard hydrogen electrode (SHE).
STANDARD HYDROGEN ELECTRODE (SHE)
[(Exercise LOF]
Q. Whatis meant by Standard Hydrogen Electrode (SHE)? How it is used to measure the electrode potential

of another electrode?

The Standard Hydrogen Electrode (SHE) is one of several types of half-cell that can be used as referenc:
electrode,

-

-~

Construction:

Figure shows a standard hydrogen electrode. [ SHE Is a reversible electrode
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A

-L ¢ Hydrogen gas supply

ol 1 alm pressuwe

Why platinum black is a preferred
catalyst?
Platinum wirn Ans, Platinum black Is a Mghly preferred
catalyst due to its exceptionally high
~ ~ surface  area, which  significantly
c? enhances its catalytic activity. This
I with . i high surface area, achieved through a
Gr:lsesmb?;f ;10 € o =T H" (1motiam*) fine powder form, provides numerous
pubble out active sites for chemical reactions to
> Plolinum eleclrode otcur It boosts reaction rates and
overall efficiency.

Figure: Standard hydrogen electrode (SHE)
standard Hydrogen Electrode consists of:

» Hydrogen gas at 101 kP, pressure, in equilibrium with H* ions of concentration 1.00 mol dm

. Aplatinum electrode covered with platinum black in contact with the hydrogen gas and the H' ions.
The platinum black is finely divided platinum, which allows close contact of hydrogen gas and H' lons in
solution so that equilibrium between H, gas and H' ions is established quickly. The platinum electrode is
inert so it does not take part In the reaction. Standard electrode potential E* values for all half-cells are
measured relative to this electrode.

when connected to another half-cell, the value read on the voltmeter gives the standard electrode
potential for that half-cell. The half-equation for the hydrogen electrode can be written:

Reduction (Acts as cathode): 2H(,  +2e” —H, £ =0.00V
Oxidatlon (Acts as anode): H, —»>2H" +2e E°=0.00V

The way that the half-equation is balanced makes no difference to the value of E°. The equation does not
affect the tendency for the element to gain electrons.
Electrode Potential: Its voltage ts arbitrarily fixed at 0.00 V.

STANDARD ELECTRODE POTENTIAL (E°)

;e_vultage of an electrochemical cell will also depend on concentration, temperature, and pressure of the gas.
Therefore, we should use standard conditions when comparing electrode potentials.
Conditions:
« Concentration of ions at 1.00 mol dm™
« Atemperature of 25°C(298 K)
* Any gases should be at a pressure of 1 atmosphere ( 101 kP,)
s The value of the electrode potential of the half-cell is measured relative to the standard hydrogen
electrode.
Under these conditions, the electrode potential we measure is called the standard electrode potential.
This has the symbol, E°. It is spoken of as ' E standard'.
“The standard electrode potential for a half-cell is the voltage measured under standard conditions with
astandard hydrogen electrode (SHE) as the other half-cell”,



