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CHEMISTRY NOTES FOR CLASS - 11 (FOR PUNJAB)

Q

Student Learning Outcomes

After studying this chapter, students will be able to:

B Define conjugate acid base pairs. {Understanding)

e Identify conjugate acid base pairs in reactions. (Understanding)

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

. Define mathematically the terms K.PHK, and pK, and use them in calculations. (K,and the

equation K, =K, <K, will not be tested). (Application)
° Calculate H,, and pH values for: (Application)
© (a) strong acids (b) strong alkalis (c) weak acids (d) weak alkalies.

° Calcuiate the [H,0" ] 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. (Agplication)

B Construct an expression for K- (Application)

° Demonstrate the ability to comprehend and effectively apply the concept of solubility product Ksp-
(Application)

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

. Calcuiate concentrations of ions of slightly soluble salts. {Application)

° Calculate K, from concentrations and vice versa. (Application)

> Use the concept of hydrolysis to explain why aqueous solutions of some salts are acidic or basic.
(Understanding)
Apply the concept of conjugate acid and conjugate base on salt hydrolysis. {Application)

= 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) J

e
< Differences between Common Acids and Bases
Sr.No. Acids Bases
1 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. Acids change the indicator "Phenophthalein” | Bases change the indicator "Phenophthalein"
from pink to colourless. from colourless to pink.
Note: Acids and bases neutralize each other and during neutralization, acids and bases react
with each other to produce ionic substances calied salts,

ﬁ;j Interesting Informationt

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

R — = e
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BRONSTED-LOWRY CONCEPT

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

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.
»  Bronsted-Lowry Acid:
According to the Bronsted-Lowry concept, "an acid is the species
donating a proton ina proton-transfer reaction"”.
» Bronsted-Lowry Base:
According to Bronsted-Lowry concept, "3 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 to water, where it becomes attached to a lone pair of
electrons on the O atom and forms H,0". In fact, HCL (the acid)
has donated the H' and H,O (the base) has accepted it.
A L % 3
HCL ., + HO, = HO + Cloa
Conugate base

Conjugate acd

g
Proton danor

» Conjugate Acid:
"A species formed after a Bronsted base accepts a proton from
the acid is called the conjugate acid". The hydronium 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

Praton acteptor

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" ion:
NFECSHO ,, = OH_, + NH:
Yy e () [2q) 4(aa)
Base Acid Conugate base  Conjugste base

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

H,0—OH" are conjugate acid-base pair.

Amphoteric Substance: An amphoteric substance is a species that

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

The limitations of Arrhenius theory is that
it describes the reaction of an acid and
base only in the agueous medium. There
are many reactions that occur in solvents
other than water or in the absence of any
solvent. Bronsted-Lowry pointed out that
acid-base reactions can be seen as proton
transfer reactions and that acids and
hases can be defined in terms of this
proton (H*) transfer.

Note:

o Chloride ion (Ct) is indeed the canjugate
base of hydrochloric acid (HCL) because
it is the species that remains after the
acid (HCL) has lost its proton.

« A Bronsted-Lowry acid is a proton donor.
» A Bronsted-Lowry base is a proton
acceptor.

@ Rack Your Mind!

1. In th'e reaction between HCL and
water, which species acts as the
conjugate base?

A) H30* B) Ct-
C) HCL D) H,0
@ Rack Your Mind!

2. Conjugate acid-base pair differs by:
A} An electron pair B) A neutron
C) An electron D) A proton

—NH; and

can act as either an acid and a base (it

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).
&

Ceriugate acd

base
HO + HO—*HO + OH

acid Conjugate bass
4
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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 gaseous ammonia and HCL gives
solid NH,C/.

HCE ) +NHy  —NH,Cf |
HCLis 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. Simiiarly,
! '
HCt + HO—= HO =+ Ct
bavso RO LGt 20w

4
Table: Conjugate Acid-Base Pairs of Common Species

Acid Base Conjugate Acid Conjugate Base
HNO, + H,0 H,0' + NO;
H,50, + H0 H,0' * HSO;

HO + o — HCO, " OH"

LEWIS CONCEPT OF ACIDS AND BASES

(Exercise L.Q.4)

Q. 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 protan transfer.

In 1923, G.N. Lewis proposed a generalized definition of acid-base

behavior in which acids and bases are identified by their ability to accept @ Rack Your Mind!
or to donate a pair of electrons and form a coordinate covalent bond. v T —
»  Lewis Acid: 3. Why Is BF; considered a Lewis acid?

"A Lewis acid is any species {(molecule or ion) that can accept a
pair of electrons”,
»  lLewis Base:
"A Lewis 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:
H H H

| | l
2H—ti1: + At —m— H—rr—> Ag <—fiJ—H
H H H

Lewis Slse Lewis acid Acid 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:

+

2 Fi 1 F 1 3
sFT & ?—'F: e IRl N,
s F: P F
LR ew
Lewis base 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 equation is -1, the
sumn of charges on the right hand side must also be —1.

In the following reaction NHs has a lone pair on N-atom so it is a Lewis base {electron pair donor) and
boron accepts the lone pair and is a Lewis acid.

Example 3:

' | QUICK CHECK 9.1
! a) Identify the conjugate acid-base pairs in the following reactions:
b HENy + ;0 ==H,0(1q) + ON" ()
| Also write down the balanced chemical equation for the reaction and explain.
' Ans. The conjugate acid-base pairs are:
1. HCN (acid) and CN- (its conjugate base)
HCN donates a proton (H*) to become CN".
2. H,0 (base) and H30* (its conjugate acid)
H;0 accepts a proton (H") to become H;0".
Summary of Pairs:

Acid | Conjugate Base
HCN CN-

H,0 H3O0*

s Acid - Conjugate base by losing H*.

s Base — Conjugate acid by gaining H",

. CH,COOHy, +Hy0(,) T==H,0" ) + CH;C00

]

|

]

|

1

|

1

I |
1 1
| |
|} 1
| |
I I
I |
1 1
I I
1 '
I I
] 1
I |
' 1
| |
' Ans. The conjugate acid-base pairs are identified as follows: '
! Pair 1: CH:COOH (Acid) and CH:COO™ (Conjugate Base) !
| « CHsCOOH donates a proton (H*) to'become CH;CO0". |
' = Acid: CH;COOH (acetic acid). '
I = Conjugate Base: CH;COO (acetate ion). |
i Pair 2: H,0 (Base) and H;O" (Conjugate Acid) ;
; e H.0 accepts a proton (H*) to become Hs0*. 1
| = Base: H,0 (water). |
i = Conjugate Acid: H;0* (hydronium ion). ;
] ]
| ]
) ]
| |
| 1
| |
] ]
| |
1 i
| I
| ]
| !
I !

jii. H,S(') + HzO(I) —",__H,O"(“) + HS_(“)

Ans. Conjugate Acid-Base Pairs:
e H,S (acid) / HS™ (Conjugate base): H,S donates a proton (H*) to become HS™. (Acid: Proton (H*) donor.)
o H0 (base) / H;O" (Conjugate acid): H,O accepts a proton (H*) to become HsO". (Base: Proton (H')
acceptor.)
« Pairs differ by one proton (H*).
Example:
e H,S (acid) —» HS™ (conjugate base)
e H;0 (base) = H;0* (conjugate acid)
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v, HCl(K) + HCD;(N’ ,:“.HICO,(”) + Ct’z“)

Ans. Conjugate Acid-Base Pairs:
1. HCY/Cr
* HCL(acid) donates a proton (H*) to become CL (its conjugate base).
2. HCO,/H;CO;
=  HCO; (base) accepts a proton (H*) to become H,COs (its conjugate acid).
Summary Table:

Acid Conjugate Base
HCL -

H,CO3 | HCO;

e Acids lose H* to form conjugate bases.
* Bases gain H* to form conjugate acids.
Identify the Lewis acid and Lewis base in the reaction between:
SO, and 07"
. Balanced Chemical Equation:
0,+0" — SO%

=

w » -
5
w

|
1
|
1
|
'
|
1
|
1
|
1
|
1
|

|

I

1
|
1
[
|
Lewis Acid-Base Identification: |
1. Lewis Acid: SO; i
" Reason: SO; accepts an electron pair from O (its sulfur atom has an incomplete octet and is ;
electron-deficient). |

2. Lewis Base: 0% 1
® Reason: 0*" donates an electron pair to SO: (it has lone pairs available for bonding). |
Mechanism Explanation: :
1. SO, (electron-deficient due to polar S=0O bonds) acts as the electron-pair acceptor (Lewis acid). !
2. 0¥ (anegatively charged ion with lone pairs) acts as the electron-pair donor (Lewis base). |
3. The O attacks the sulfur in SO;, forming a coordinate covalent bond and creating SO4*" (sulfate).
Key Notes: |
s SO, is a classic Lewis acid (e.g., in sulfuric acid production: S0z +H20——H250s ). :
« O isa strong Lewis base (comman in oxide reactions). !
HCland H,0 i
ns. Balanced Equation: 1
|

]

|

1

|

1

|

]

|

]

|

'

|

1

|

]

|

]

]

Cligy +H, 0,y —H;0, +ClLg

Lewis Acid-Base Identification:
1. Lewis Acid: H* (from HCL)
= Reason: Accepts an electron pair from H;0 to form H;0".
2. lewis Base: H;0
= Reason:Donates an electron pair to H* to form a coordinate covalent bond in H;O*.
Explanation:
* HCL dissociates into H* {electron-pair acceptor, Lewis acid) and CL.
e H,O (with lone pairs on oxygen) acts as the electron-pair donor (Lewis base), forming hydronium (H;0*).
iil. BF, and NH,
Ans. Balanced Chemical Equation:
BRy NH;——H,N—BF,
Ltewis Acid and Base ldentification:
» Lewis Acid: BF; (electron pair acceptor).
= Boron in BF; has an empty 2p orbital, making it electron-deficient.

————————————————————————————————————— l———-—-—-

> =

b 1
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| e 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 BFs. |
' 2. A dative covalent bond (coordinate bond) forms between N and B. '
| Key Points: |
! e BF;is a classic Lewis acid (no protons involved!). 3
! e NH;isa Lewis base due to its lone pair. !
|__ = _Theproduct (MN-BFy) isastableadduct _ ____ __ __ ____________._ _i

IONIC PRODUCT OF WATER

e Pure water is a poor conductor of electricity but its conductance is measurable.
e Water undergoes self-ionization reversibly as follows,

Net Reaction: @ Rack Ye Mind!
= a 'our Mind!
H,0,. +H,0,., ——H.0/ , +0OH_ N —————
i U e 37(=0) (an) 4. Why is the concentration of water
H.0,,, —=H' . +OH_. considered constant in the K,
2M(0) ¥ (sq) f2q) it~ ¥
The equilibrium constant for this reaction can be written as follows:
K. = [ IOH]_ ) 64107 mol dm™
[H,0]
s The concentration of H;0 i.e. [H:0] in pure water may be calculated to be 1000 g dm>divided by 18 g
000 gdm™

mol™? giving 55.5 moles dm i.e. 1 =555 mol dm™?

18 gmo
s As water is present in very large excess and very few of its molecules undergo ionization, so its
concentration remains effectively constant.

e Constant concentration of water is taken on LH.S. and multiplied with K. to get another constant
called K.

K.[H,0] =[H ][OH ]
or = 1.8%10 ®%555=1.01x10" =[H'][OH]
This 1.01x10™* is called K, of waterat 25°C.
K [R,0]=[H" J[OH"]

So, K, [H,0]=[H"][OH ]=10"™ at 25°C. Table: K, at various
e K, iscalled ionic product of water or dissociation constant of water. - 'e(o"é;’":l“a“"' e
emp. ue
> K of H20 Increases with Increase of Temperature: z RrEm
e The value of K, increases almost 75 times when temperature is T 0'30 To"
.3UX
' () o
increased from 0°C to 100°C. 25 L0<10"
For neutral water "
H'] = [OH'] a0 3.00%10
[ i, ey 100 7.5x10"
Or [H']H"] = 10

H'} = 10 (at 25°C)
[H'] = 107 moldm™

And [OH7] 10”7 moldm™
The effect of temperature on Ky is shown in Table.
e Whenever some quantity of acid or base is added to water, then K,, remains the same, but [H"]and

[OH ]are no more equal.
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e
[H']>[0H]

While in the case of addition of few drops of a base.
fOH ]>[H"]

« During both of these additions, the values of Ky will remain the same, i.e. 107 at 25°C.

pH AND pOH

In 1909, Sorenson, 3 Danish biochemist, introduced the term pH

and pOH. So, the scales of pH and pOH were developed. @ Rack Your Mind!

» pH: 5. If the pl'; of a solution is 3, then its [H'] is:
"The negative logarithm of hydrogen ion concentration in A) 1072 moldm™ B) 10" mol dm™
the solution is called pH." €) 10 moldm™ D)3 moldm™

pH=—log[H'] .

» pOH: @l Interesting Information!
"The negative logarithm of hydroxide ion concentration in | Solutions of negative pH and having values
the solution is called pOH." more than 14 are also known.

pOH=—log[OH |
For neutral water, pH= —Iog{lO~7 =7

In all the agueous solutions, the concentration
pOH= -log[10'7] =7 of H* and OH- are too low to be conveniently
Also, pH+pOH= 14 expressed and used in calculations.

The value of pH normally varies between 0 —14 at 25°C
The pH values of some familiar agueous solutions are shown in Figure. This table can help you 1o

understand the acidic or basit nature of commonly uséd solutions.
Acidic Neutral Basic

Ho110° 10 10 10° 10° 10° 104 10 10° 10° 107 10' 10" 10"
| 1 1 1 | | ! 1 L | 1 |

|;(C!1 QMY Lemon juice Carborated Milk Blood Baking scda chsahoiﬁ
(pH-2:2-2.4) water (pH3.9)  (pHEA) (pH 7.4) (0.1 M) (pH 8.4} (pHATG)

- Stomach acid Vinegar Beer Seawaler Milk of magnesia Nag
\, \‘(DH10'3 ) (DH 24-34) (pH 4.0-4 5) (pH 7 0-8.3) (pH 10.5) (i

1 I 1 T 1 1 1 | 1 T T I Il !
pH 0 1 2 3 4 5 ] 7 8 9 10 1" 12 13 14
Figure: pH Values of some common substances
Sample Problem 9.1
in a solution, 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 = 4.8

Find the concentration of H' and OH™,
Taking antilog of pH and pOH
antilog pH = antilog
[OH ] =10—pH

}
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H"] =107%2
[OH] = 6.3x107'°M
Similarly, antilog pOH = antilog (4.8)
[OH™] = 10—pOH
[OH] = 107
[OH] = 1.6x107°M

Sample Problem 9.2

The ionic product of water at a certain temperature is K, =1.0x10"" at 25°C. If the concentration of H*

ions in a solution is 1.0x10™'M.
Calculate the concentration of OH™ ions, the pH and pOH of the solution.
Solution:
Use the expression for K :
K, =[H]J[OH]
Substitute the known values of K, and the concentration of H :
1.0%x107™ = (1.0x107)[OH"]

Solve for the concentration of OH™

1.0x10™

[OHT] = ——=1.0x10""
1.0x10
Calculate the pH: pH = —log[H"]
= ~log(1.0x107)=7
Calculate the pOH: pOH = —log[H]

= —log(1.0x107")

|

1

| a) A solution is prepared by mixing equal volumes of two solutions: one with a pH of 4.0 and another
| withapHof 10.0. Calculate the K, f8Fthisixture at 25°C.

! Ans. Given:

! * Solution A: pH=4.0 - [H']=10"M

| * 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

1 * Result: [H] = [OH"] = 10" M cancel out, leaving neutral water (pH 7).

! Step 2: Final pH

| * The mixture is neutral (pH = 7.0) because the H* and OH- concentrations were equal and fully reacted.

' Note on K..:

! ¢ Kw=[H"][OH] = 1.0 x 107 (constant at 25°C) for all aqueous solutions, including this mixture.

I Final Answer:

' The mixture has:

I * pH=70 (neutral).

IR DR s bl S |

IS S S am e b e e e W S o e— o — ' em— > o—
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b) Ata specmc temperature, the ionic product of water K is 1.0x107* | If the concentration of OH- ions |

in a solution is 2.5x10™* M. Calculate the concentration of H* lons and the pH of the solution.
Ans. Given:

Kw = 1.0x10™ (at the given temperature),
[OH7] 2.5x10% M

Step 1: Calculate [H']
Using the ionic product of water:
Kw

[H][OH]

IH'] = w o kv .__ = 40x10 "M

|

1

I

]

|

I

|

I

|

1

|

)

|

: Step 2: Calculate pH
! pH = -log [H+]=-log (4.0x 107)
I pH = 6.40 (since log(4.0) = 0.60 and log(1077) =-7)
| Final Answer:
| [H+) = 4.0x107" M

’ pH = 640pH=6.40

! c) Copper-plate etching solutions is prepared by diluting concentrated HNO, te 0.30 M HNO,. Calculate
I

I

|

I

I

I

[

1

I

)

|

I

l

|

I

1

|

!

l

|

|

!

l

)

I

[H"],pH,[OH ] and pOH of this solutions at 25°C.
Ans. Given:
e HNO,; concentration: 0.30 M (a strong acid, fully dissociates).
s  At25°C:K,=1.0x10",
1. [H']and pH:
Since HNO; is a strong acid:

pH+ pOH = 14 (verified: 0.52+13.48 = 14).
e Highly acidic (pH L 7) due to concentrated HNO s

[H] = 0.30M
pH = —log[H¥] = “log{®30) = 0.52
2. [OH7]and pOH:
Using Kw = [H'][OH]:
; £ Yoxwo™ _ . .
[OH] N 530 #3107 M
pOH =/-lpg [OH ]= -log (3.3x107%%) = 13.48
Final Results:
[H+]'= 0.30M
pH = 052 |
[OH) = 3.3x10"M '
pOH = 13.48 !
o HNO,; fully dissociates, so [H'] equals its initial concentration |
]
i

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.

» Mathematical Derivation of K, P
Suppose we have an acid HA dissolved in water, Ra_ck Your Mind!
HA+H,0 —= H,0" + A 5. What is K, in acid-base chemistry?
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K for the reversible reaction will be written as follows:
L H,0"1[A]
2 [HA][H,0]
[H,0"}[A"]

K H,0] = THA]
Let K [H,0]= K,
Hence 5 [—Ha%l—[]A—l

This equation can be used to calculate K, forany acidic solution if we know the pH or [H"] of that solution
and the initial concentration of the dissolved acid [HA]. This can also be used to calculate the equilibrium
concentration of H,0"and A~ produced if we know the initial concentration of acid HA and its K, value.
% K, and Strength of Acids:
When K, <10 3 acid is weak.
K,=1to 10~ acidis moderately strong.
K, >1 acid is strong.
The values of X, for some acids are given in Table.
Table: The values of I, for some acids

Acid Dissociation Ka Relative strength |
HCL HC/——H"+C[" very large (107%) | Very strong
HNO, HNO, —H" +NO; very large (107 ) | Very strong
H,S0, H,50, ——H' +HS0, Large (107) | Verystrong
HSO; HSO, —H' +50} 13x107 strong
HF HF —H" +F 6.7x107° Week
CH,COOH | CH,COOH==H" +CH,CO0 1.85x107° | Week
H,CO4 H,CO, ==—H'+H5" 4.4%107 Wweek
H,5 H,S—=—H"+HS" 1.0x10” Week
NH; NH, ==H" +NH; 57x107° | Week
HCO; HCO, ==H" +C0} 4.7x107" Week
H,0 H,0=—=H" +OH 1.8x107"° Very week

= Calculating H30" ions from Ka

The weak acids do not completely dissociate in water. Therefore, the concentration of hydronium ions is
not equal 1o the initial concentration of the acid. So, the equilibrium expression is used to calculate the

H,0" concentration.
For a weak acid HA, the dissociation in water can be represented as:

HA o) == H{sa) * Asn
In water, H' combines with water to form H,0":
Hix) THO( ¥ H,00,q)
S0, the equilibrium equation in terms of KO, is:

HA ) —r H,Ol*.q) + A(’.q,

— e e 7 4
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Let the initial concentration of the weak acid HA be C mol dm
At equilibrium:

[H;0"]=x;[A")=x and [HA]=C-x
The expression for the acid dissociation constant (K,) is:

k. =[H:0" lIAT]
" [HA]
Substitute the equilibrium concentrations into this expression:
LTX% o W
o *TE=% C—x
For weak acids, x is usually very small compared to C, so C—x ~C. Therefore, the expression simplifies to:
Z
X
Ka t?
Taking the square root of both sides:
Xz, K.xC
Thus, the concentration of H,0" is given by;
x=. K, =C

Sample Problem 9.3

Calculate the concentration of [H,0%] ina 0.1 M (moldm ) solution of acetic acid [CH;COO0H], given that the
acid dissociation constant K, is 1.8x107°.

Solution:
[H,07] = ,,K‘xC
[H,0"] ~ V1.8x10°°x0.1
[H,0%] = Jo.18x10°

[H,0'] ~ 1.34x10*M(moldm)

L[]
a)  The pH of a 0.10 M solution of formic acid, HCOOH, at 25°C is 2.38. Calculate K, for formic acid at !

this temperature.
Ans. Given:

)

|

| |
| 1
| * Concentration of HCOOH ([HCOOH): 0.10 M |
! * pH of the solution: 2.38 '
I ¢ Temperature: 25¢C I
! Step 1: Calculate [H*] from pH .
I . [H]=10"=102%=x417x 102 M ‘
: Step 2: Set Up the Equilibrium Expression :
! Formic acid dissociates as: !
I HCOOH H' + HCOO™ |
§ At equilibrium: i
| ¢ [H]=[HCOO)=4.17x103M I
' ¢ [HCOOH]=0.10-4.17 x 103~ 0.0958 M (since 4.17x107* « 0.10, the approximation is valid). '
| Step 3: Calculate Ka |
' (H']HCCO ] (4.17x107%)2 i !
! % = “Hcoon] T !
I Final Answer; I
Vi o e o a0 o _____K._f-__l_.S_l_Kl_O‘“_ ......... - e e e town
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' b) Calculate the concentration of [H;0"] ina 0.1 M soluticn of nitrous acid [HNO,], given that the acid
]

| dissociation constant K, is 4x107".

1 Ans. Step 1: Write the Dissociation Equation and K, Expression

HNO; H'+NO,

_IHJINO;]
*" [HNO,]
Step 2: Define Equilibrium Concentrations
Let x = [H')=[NO;] at equilibrium.

Since HNO; is a weak acid, its dissociation is small, so:
[HNO;] = 0.1-x=0.1M (assuming x &< 0.1)
Step 3: Substitute into K, and Solve forx
XX 8
Ky = —=4x10

¥ el

x = 4x107

x = ¥4x10™ = 2x107° 26.32x10 M

Step 4: Verify the Approximation
Check if x << 0.1:

K =4x107"

6.32x10°
0.1
The approximation holds reasonably well. For higher precision, solve the guadratic equation:
(2 +4x107"){x-4x10"°) = O
Using the quadratic formula:

= 6£.32% {<5% is ideal, but <10% is acceptable)

—b+b? —gac 45107 +4/(4x107*) + 1.6x10™
2a py 2

Final Answer:
[H:0'] = 6.32x107°M (or 6.16 x 107 M with guadratic)
€) Avinegarsar ¢ is found to have 0.837 M CH,COOH. Its hydronium ion concentration is found to be

3.86x 107> mol dm™. Calculate K, for acetic acid.
Ans. Given:

e Initial concentration of CH:COOH (ICH:COOH)): 0.837 M

s Hydronium fon concentration ({H:0+][H,0+]): 3.86%10-3 M

Step 1: Write the Dissociation Equation

Acetic acid partially dissociates in water:
CH3COOH + H:0

Step 2: Determine Equilibrium Concentrations

At equilibrium:

e [H:0'] = [CH«COO] = 3.86x10* M (from dissociation).

o [CH:COOH] = 0.837 - 3.86 % 107 = 0.833 M. (Approximation valid since 3.86 x 107 « 0.837)

Step 3: Calculate K,

Using the equilibrium expression:

H30" + CH:COO"

[H,0'J[CH,C007] _ (3.86x107")
[CH,COOH] ~  0.833
149x10°°

K. = ~1.79x10°
0.833

Ks =

|
]
I
I
|
]
|
]
|
]
|
]
|
]
I
]
|
|
|
]
|
!
|
|}
|
1]
! x = 6.16x 10~ M{minor correction)
]
|
1}
|
]
i
]
|
]
|
1
|
]
|
]
|
]
|
1
|
I
|
1
i
]

Final Answer:
| K. = 1.79x10°
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COMMON ION EFFECT

(Exercise L.Q.5

20 2

Discuss applications and implications of the common ion effect in various fields.

Definition:
"The suppression of ionization of a weak electrolyte by adding a common ion to it is called common ion effect”.

< Applications of Common lon Effect
»  Purification of NaCL: B} oefine common ion effact with
NaCl is purified by passing hydrogen chloride gas through the saturated one example.
brine. Sodium chloride is fully ionized in the solution. Equilibrium
constant expression for this process can be wrl_tten as follows: s AUaigansugipress the ionkatiomaf an
NaCli) === Na,,, + C{, electrolyte by common ion effect.
(ag) taq)
K [Na"][CL ]
.=
[NaCt] ﬂ Give applications of common jon
HCL also ionizes in solution. effect. (any two)
HCL Hs’mn +Cl,g
On passing HCL gas, concentration of C& ions is increased Therefare, |* Common ion effect 15 an application
NaCl crystallizes out of the solution to maintain the constant value of St NGNS prineiple
equilibrium constant. This type of effect is called comman ion effect.
The addition of a common ion to the solution of less soluble | e In.it'the term electrolyte is used
electrolyte suppresses its ionization and the concentration of instead of acid, base or salt.
unionized species increases, which may come out as a precipitate,
Na(‘m) + c(('aq, == NaCly * In 3 solution of weak acid,
»  Precipitation of KCLO; by KCL: hyGrefueric acld (K =7.2 « 1074, its
= i ) salt sodium fluoride produces the
The solubility of a less soluble salt KCLO: in water is suppressed by the common ian (F).
addition of more soluble salt Kgl by common ion effect. K* is a HE i G jes
. v £ » 2 ’ fuq) . st ¥ Taa)
common ion. The ionization of KCLO; is suppressed and it satties down 4 s : f" :
as precipitate, NaFiy) Nayg) + Flag)
- Y |
KCLO3y) = K, *+ ClO4py)
% - « Comman ion effect is always in the
) ; KCL S‘M + Clisgy reverse direction
»  Precipitation of 2nd Group Basic Radicals of Salt Analysis:
The dissociation of 2 weak acid H;S in water can be suppressed by the =
addition of stronger acid HCL H' is/a common ion. H:S becomes less @ Rack Your Mind!
3lssolcmte: in acidic solution. In this way, low concentration of S* is 7. Aiban tonkition o = esai
eveloped. electrolyte is suppressed by a
HaS 2H. +wa strong electrolyte having a
z ; 2 N ion is called:
This low concentration of §* ions helps to do the precipitation of :‘;'3;2?3,;:2 G
radicals of second group basic radicals during sait analysis. B) BuFfering
HClaq) = H ;o + Uiy ¢) Common ion effect
»  Precipitation of 3rd Group Basic Radicals of Salt Analysis: S Freciationreaction
An addition of NHJCl in NHaOH solution suppresses the concentration of OH,,, due to the presence of a
large excess of NH; from NHaCL. Actually, NH.CL is a strong electrolyte. The combination of these two
substances is used as reagent in third group basic radicals
NH4OHaq === Na_,  + OH,
NHaCliag Na, a1 ¥ Cliaa)
~ Uses in Qualitative Analysis and Preparation of Buffers:

Common ion effect has its extensive appiications in the qualitative analysis and the preparation of buffers.
Note: In common ion effect, the term “Electrolyte” is used instead of acid, hase or salt
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BUFFER SOLUTIONS

The solutions which resist the change in their pH when a small amount of an acid or a base is added to them,
are called buffer solutions.

Ll B

e They have a specific constant value of pH. The pH values of =
buffer solutions do not change on dilution and on keeping for a @ Rack Your Mind!'
long time. 8. What is a buffer solution?

2 Types of Buffer Solutions

Buffer solutions are mostly prepared by mixing two substances.

i. Acidic Buffers: By mixing a weak acid and its salt with a strong base. Such solutions give acidic buffers with
pH less than 7. Mixture of acetic acid and sodium acetate is one of the best examples of acidic buffers.

ii. Basic Buffers: By mixing a weak base and its salt with a strong acid. Such solutions will give basic buffers
with pH more than 7. Mixture of NH,0H and NH,C/ is one of the best examples of basic buffers.

Example:

An acidic buffer consisting of CH,COOH and CH,COONa. CH,COOH being a weak electrolyte undergoes

very little dissociation. When CH,COONa, which is a strong electrolyte, is added to CH,COOH solution,

then the dissociation of CH,COOH is suppressed, due to common ion effect of CH,COO".
CH,COOH, ., +H,0,,, ==CH,C00[, ., +H,0], |

() ()
CH,COONa T—CH,CO0,, + Nai)
If one goes on adding CH,COONa in CH,COOH solution, then the added concentrations of

(aa)

CH,COO™ decrease the dissociation of CH,COOH and the pH-of solution increases. The Table tells us how

the pH value of a mixture of two compounds is maintained. Greater the concentration of acetic acid as
compared to CH,COONa, lesser is the pH of solution.
Table: Effect of addition of acetate ions on the pH of acetic acid solution

[CH,COOH]{mol dm™) | [CH,CO0™](meldm™) | % Dissociation | pH
0.10 0.00 1.3 2.89
0.10 0.05 0.036 444
0.10 0.10 ! 0.018 4,74
0.10 0.15 0.012 492

Actually, a buffer mentioned above is a large reservoir of CH,COOH and CH,COO components, When an

acid or H;0" ions are added to this buffer, they will react with CH,COO™ to give back acetic acid and hence
the pH of the solution will almost remain unchanged. The reason is that CH,COOH being a week acid will
prefer to remain undissociated. Similarly, the buffer solution consisting of NH,C/ and NH,OH, can resist the
change of pH and pOH, when acid or base is added from outside. When a base or OH ™ ions are added in it,
they will react with H3O* to give back H,0 and the pH of the solution again will remain almost unchanged.

Acidic buffers Basic buffers

e Those buffers which are formed by the | ¢ Those buffers which are formed by mixing of a weak

mixing of a weak acid and a salt of it with a base and a salt of it with a strong acid are called basic

strong base are called acidic buffers. buffers.
e Their pH is usually less than 7. e  Their pH is more than 7.
e Henderson's equation for acidic buffers ¢ Henderson’s equation for basic buffers

[salt] [salt]

pH = pK; + 'or——[acid] pOH = pKs + log [base]

e.g. CH;COOH + CH:COONa eg.  NHOH + NH.CL
weak acid salt of weak acid weak base  salt of weak base
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2 Calculating the pH of a Buffor
Let us discuss preparation of a buffer of definite pH.
Example:
Consider a weak acid HA and its salt NaA with a strong base say
* NaOH. The reversible reactions for dissociation of HA and NaA

lifj interesting Informationl

are as follows: The body's blood buffering system, involving
i bicarbonates, helps maintain a
HA=—H"+A"~ Poier :
NaA——=Na' + A"
Calculation of pH of a buffer solution by using Henderson _
equation: 5
[Acid ]
H=pK, —lo|
pR=px, —log [Salt]
Interchanging the numerator and denominatar, the sign of log
changes. -
[Salt]
H=pK_ +lo|
P R O ]

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) pK, of the acid used.
(ii) The ratio of the concentrations of the salt and the acid
*  The best buffer is prepared by taking equal concentration'of salt and acid.
* So, pHis cantrolled by pK, of the acid. :
Example: For acetic acid - sodium acetate buffer, if
[CH,COOH] = [€H.COQNa]
pK, = 474
[CH,COONa]
[CH,COOH]
pH=pK, +log(1)
pH=pK, +0=pK,
pH=4.74
It means that the pH of this buffer is just equal to the pK, of the acid.

— o — . — - —— —— —— ——— o —— —— — i — " — .t . o0t ey

i QUICK CHECK 9.4

)

Then pH=pK, +log

So,

a)  Explain the impact of commen ion effect on solubllity.
Ans. Effect of Common lon on Solubility
The presence of a common ion decreases the solubility of a slightly soluble ionic compound. Consider a
saturated solution of PbCrO,, which is a sparingly soluble ionic salt.

PBCrOyy === Pbjsy, + CrOi,

Na:CrOssa) 2Na' + CrOy

Now add Na:CrO: which is a soluble salt CrO} is the common icn. It combines with Pb?* to form more
insoluble PbCrOa. So equilibrium is shifted to the left to keep K, constant.
b) ' To a saturated solution of AgCL, some of NaCL solution was added.
i. State the effect of the concentration of Ag* en the equilibrium.
Ans. Effect on [Ag*]:
The addition of NaCL (which provides CL™ ions) to a saturated AgCL solution decreases the concentration
of Ag* ions at equilibrium.
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| ii.  Explain your answer with respect to the common ion effect. |
' Ans. Explanation (Common lon Effect):

Equilibrium Shift:

s The dissolution equilibrium of AgCLis:

|

1

I A 4

! AgClyy === Agsq + Cling)

I e Adding NaCl introduces excess CL~, shifting the equilibrium left (Le-Chatelier’s Principle) to reduce
i the added CL, causing more AgCL to precipitate.

M Mathematical Impact:

| e The solubility product (Ks,) must remain constant:

! Ksp = [Ag'][CLY)

! If [CL) increases, [Ag’'] must decrease to maintain K.

| Resulit:

. e Solubility of AgCL decreases, and the solution becomes less saturated with Ag* ions.
| c) How does a buffer maintain pH stability?

' Ans. A buffer maintains pH stability by resisting changes in pH when small amounts of acid (H*) or base (OH")
I are added . Here’s how it works concisely:

i Mechanisms:

. 1. Composition:

I = A huffer consists of a weak acid (HA) and its conjugate base (A”) (e.g,

' CH3COOH/CH,CO0™) or a weak base (B) and its conjugate acid (BH”) (e.g., NH3/NHa"),
| 2. Action Against Added Acid (H*):

' = The conjugate base (A"} neutralizes H*:

! A” +H' —>HA
| =  Example: In CH;COO"/CHsCOOH buffer, CH;COO™ consumes H* to form CH;COOH.
]

|

1

|

]

|

1

I

]

|

)

|

1

|

1

I

)

I

]

I

1

|

1

|

]

|

1

|

]

|

1
|
[}
|
]
|
]
|
]
|
1
|
1
I
1
|
1

|

1

I

|

I

]
I
I
I
|
3. Action Against Added Base (OH"): !
= The weak acid (HA) neutralizes OH™: |
HA+OH —— A" +H,0 !

= Example: CH;COOH donates H* to OH7, forming water and CH;COO". !

4. pH Stability: |
* The equilibrium between HA and A~ ensures [H*] (and thus pH) changes minimally. '

= The Henderson-Hasselbalch equation predicts buffer pH: |

pH = pK, + log([HA][A']) '

Example: : |

A phosphate buffer (H,PQ, /HPOf,' ) maintains blood pH (~7.4) by: i

=  Neutralizing added H*: '
HPOZ™ + H' —H,PO; |

]

= Neutralizing added OH™: I
H,PO; + OH" —HPO,” + H,0 1

Conclusion: |
Buffers stabilizé pH by shifting equilibrium to consume added H* or OH", keeping the [HA]/[A"] ratio i
(and thus pH) nearly constant. g
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 1.0dm® of the buffer (K, of HF =6.8x10™"). I
Ans. Given Buffer Solution: ;
|

]

|

|}

|

Q.
=

[HF] = 0.50M
[F7] 045 M
Volume = 1.0dm?
K. of HF = 6.8x107*
e Added NaOH = 0.40 g (Molar mass = 40 g/mol — 0.01 rnol NaOH in 1.0 dm* — [OH"] = 0.01 M)
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1 Step 1: Calculate Initial pH (Be?or-ewaaﬂ T e e <afie l
I' Using the Henderson-Hasselbalch equation: i
: PH = pK, + log([F/[HFJ)) I
| pK, -log (6.8x10%)=3.17 '
pK, -log(6.8x107%)=3.17 '

PH = 3.17 +10g(0.450.50) = 3.17 « 10g(0.9) ~3.17-0.046 = 3.12 [

Step 2: Calculate pH After Adding NaOH (0.01 M OH") !
NaOH reacts with HF (weak acid) in the buffer- I
L

|

1

|

I

|

I

|

il

HF+0OH —» F + HO
®* HF consumed: 0.50-0.01 = 0.49 M
* F produced: 0.45+0.01 = 0.46 M

PH=3.17 + log (C 16/0.49) = 3.17 + 10g(0.94) = 3.17-0.027 - 3.14
e) Calculate the PH of a buffer solution in which 0.11 molar CH,COONa and 0.09 molar acetic acid

solutions are present. K, for CH,COOH is 1.85x10~° .

]

Given Data: [CH; COONa] = 0.11Mm I
[CH:COOH] = 0.09Mm "

Ks of CHi:COOH = 1.85 x 105 '

Required: pH of Buffer solution = ? |
Solution: pKs = —logk, !

= —log1.8x10°=4.74 |

[Salt] i

PH = pKe+ log 1x o) !

0.11 |

pH = 4.7:1+|ogr09 "

pH = 4.74+0.087 !

e A i S s SIS oA, S —1

SOLUBILITY PRODUCT
(For slightly soluble ionic compounds)

__Crommen

Q. What is the solubility product for sparingly soluble salts? Give its two applications.

Definition:

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

OR
"The product of the equilibrium cancentration of ions 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 NaCt, it dissociates completely into ions. But for
slightly soluble salts the dissociation is not complete at equilibrium stage,
» Example 1, Lead Sulphate:

When Lead Sulphate (PbSO,) is shaken with water the solution contains Pb**, S0,% and undissociated

PbSQ,. It means that equilibrium exists between solid solute, PbSO, and the dissolved ions, SO?™ and SOf’.
Lead sulphate is a well-known sparingly soluble compound and it dissociates to a very small extent like PbC(,.

H,0

k- Pb™)[s0}")
E IALte Y
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_31_0——================================= __________
Being a sparingly soluble salt, the concentration of lead sulphate 2 v
(PbSO,) almost remains constant. Bring [PbSOd] on LH.5. with K. Rack Your Mind!
K_[PbSO,]= [th]lSOE' ] o, What Is the effect of temperature
if K. [pv;;so'1 1=K : on the K. value?
5 42, spz 8 . A) It always remains constant
then K, =[Pb*][SO; 1= 1.6%107 at25'C 3) It decreases witfi temperature
2 G : C) It changes with temperature
Ke» is called the solubility product of PbSO,. It is the product of 0) It ncreases with pressure

molar solubilities of two ions at equilibrium stage.

%  Example 2, Lead Chloride:
Consider a sparingly soluble salt, PbCL,. Ky, = Po*]ce T
Ksp is usually a very small quantity at room temperature. The value of K., is temperature dependent. The
value of Ky is @ measure of the dissociation of sparingly soluble salt.

The following Table shows the Ky values of some slightly soluble jonic compounds.
Table: K, values for some jonic compounds

Salt lon Product Ksp Sait lon Product Ksp

AgBr [AgT1(Br ) 5.0x107" CuS [cu? 1™ g8x10*

AgCl (Ag'[C7] 1.8x107° Fe,S; et s P 1.4%107%
A(OH), (AP“1[OH ] 3x10°* MgCO, Mg?*1[CO3 ] 3.5x10™
BasO, (Ba][CO; ] 1.1%107*° MRS MR 187} 3x107"
caco, | [ca*')ICal ) 33x10° PbCro, [Pb™* ][CrO; ) 23x10°

CaF, [ca’ 1F I’ 3.2x107% PbSO, [Pb>1{S05 ] 1.6%107° J

= Applications of Solubility Produc

a) Determination of Solubility from Ksp
For this purpose, We need the formula of the compound and Ksp value. Then the unknown molar solubility
S is calculated and the concentration of the ions is determined. Table shows the relationship between the
K, values and the solubility of some sparingly soluble compounds.
Table: The relation between solubility and solubility products of some salts

Formula | No. of lons Kse solubility g dm™
PbSO, B 1.69%107" 1.3x107"
Ca(OH), 3 6.5%107° 1.175%107
CaF, 3 3.2x107" 2.0x10™
Ag,Cr0, 3 2.6x107 87x10°°

— e e 7 4
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Smart @ Thinking

Relationship Between K, and Molar Solubility (s)
Compound | Cation | Anion | Ksp Expression | Relation Between Kspands
1
AgCl s 5 [Ag*l[Ct] Kig=52 =>g= (Kso)i
1
BaSOs 5 s | [Ba*][SO,] Kp=s =s= (K,)?
%
PbF (]2 Kp |?
2 S 25 [Pb*][F] Kin = 453 = 5 = %
+12 2= 3 K ;
AgiCO; | 2s s | AETICOT] | Ky =asi == [T‘p)
1
A s | s | 3 |IACIOHT [ oy s [%J
1
Cay(P04); 3s 2s [Ca®P¥[ POiv F Kip = 1085° = 5= (i)s
| 108

Sample Problem 9.4
Ca(OH), is a sparingly soluble compound. Its solubility product is 6.5x10°°. Calculate the solubility of Ca(OH),.
Solution:

Let the solubility be represented by S in terms of moldm ™. |
The balanced equation is:

Ca(CH),,, — +20H

{aq) (aa}

Ca(OH)mc) =—0+0 Initial Stage

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

The concentration of OH™ is double than the concentration of Ca’' . so
K, =[Ca” J[OH™ ) =S x(25)?
4s® =6.5x10°°

6.5x107°

st
$=(1.625)"" x10?
$=1,18%110"% moldm™

Hence, at equilibrium ~stage 1.18x10’moldm’moldm™ of Ca®* and 2x1.18x102mol dm

S}

=2.36x10" mol dm™>. OH are present in the solution, 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
a slightly soluble ionic compound. In order to explain it, | Solubility =
consider a saturated solution of PbCrO,, which is a
sparingly soluble ionic salt.

1
concentration (no.) of common ions
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PECIO, (o) ==Pb"" (1) + CrOy (aa)
Now add Na,CrO, which is a soluble sait.
Na,CrO,,, —=2Na" +CrO}
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 (Ksp) 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

10 ?moldm ™ solution Ca’* to 107> moldm™ solution =K, Saturated No

of soi‘ ions at 25°C. The concentrations of each ionic <K, Unsaturated No

species can be calculated as:
[Ca™]=[s0;"] =% =5,0x10"° moldm™

[Ca’ ]{SO. 1=5.0%10 " moldm > x5.0x 10" moldm *
=2.5x10° moFdm™®
=2.5x10° moldm™® >K,, of CasO,

As the product of concentrations is greater than K., therefore CaSO, will precipitate out.

a) The solubility product constant (K, ) of silver chloride (AgC?) is 1.77x107° at 25°C. A solution

already contains 0.10 M of sodium chloride (NaCZ). Find the solubility of AgCL in a solution that
contains 0.10 NaCL
Ans. Given:
e KspofAgCl=1.77x10"" N
e [CL] from NaCL=0.10 M (this is the common ion).
Step 1: Define Solubility (S) of AgCL
Let S = molar solubility of AgCL (mol/dm?) in the presence of NaCL.
» Dissolution equation:

Aglly=— Agl.an)*’ CLv-aq)

e At equilibrium:

[Ag'] = Slfrom AgCt)

[CL] = 0.10M (from NaCl) + S =0.10 M (since S <« 0.10}
Step 2: Apply K;, Expression

Kp = [AgT](CL)
1.77x107%° = $x0.10
S = 1.77%107%0.10=1.77%x107°M

1. Common lon Effect:
The pre-existing 0.10 M CL~ from NaCl drastically reduces AgCt solubility (from 1.33 x 10™° M in pure
water to 1.77x107° M).
2. A-sumption Valid:
S <. 0.10, so [CL]=0.10 M is justified.
Conclusion:
The solubility of AgCLin 0.10 M NaCl is 1.77x10°9 M.
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b)  Predict whether CaSO, will be precipitated or not when 10~ moldm™ of each of Ca®* and so? s |

|
i mixed together. i
: Ans. Given: [Ca®] = 107 mol dm™? -
I (501 = 107 mol dm™ I
! Ksp of CaS0a = 2.4x10°° (at 25°C, literature value). '
" Step 1: Calculate the lon Product (Q) I
e - {1-3 & !
| Q = [Ca*][S0;]=(107%)(107%)=10" ,
f Step 2: Compare Q to K,, ;
| * If Q> K,;: Precipitation occurs. |
; s If Q< Kt No precipitation. i
Here: Q=10" vs.K;;=2.4x 105
: Since 10°<24x10=10%<2.4x 10, Q <K, /
! Conclusion: l
| CaSO4 will NOT precipitate under these conditions because the ion product (Q) is less than Ksp. i
; €©)  Solution of potassium carbonate is basic. i
| i Explain why the solution is alkaline. I
1+ Ans. Solution is Alkaline: '
| Potassium carbonate (K,C0;) dissolves in water to produce CO;, which hydrolyzes to form OH" ions, |
I' making the solution basic: I'
CO% +H:0 HCO; + QH-
] 3 2 i t
| . coi‘ (a strong base) reacts with water, accepting protons (H*) and releasing OH~. |
d * K*(from K,CO;) is a spectator ion and does not hydrolyze A
! ii.  Also give the equation for the hydrolysis of the above salt. I
Ans. Hydrolysis Equation: :
| "
' K;,CO; — 2K' + CO; {Dissogiation) !
| CO% +H;0 HCO; + OH" (Hydrolysis) I
! The OH" generated during hydrolysis raises the pH {>7), making the solutior. alkaline. !
| I
. Example pH: ~11 [o;_O.] M K,CO;, ey " p

m Interesting Information

The shell of this nautilus is composad mainly
of calcium carbonate. The nautilus adjusts
conditions so shell material is formed when
the concentration of calcium ions and
carbonate ions in Seawater are high enough
to precipitate calcium carbonate.

SALT HYDROLYSIS

When a salt dissolves in water, it dissociates into its constituent ions. These ions can interact with water,
affecting the solutian’s pH depending on the nature of the acid 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, NaCt), the conjugate base of a
strong acid (e.g., C& from HCL) is very weak and does not significantly react with water. The conjugate acid

of a strong base (e.g., Na' from NaQH) is also very weak and does not significantly react with water.
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) H,0 + -
NaCl.m~ —=>Na w+cc (3q)

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), KNOs{HNO; + KOH), Na;S04(H2504 + NaOH) etc.

= Salts of Strong Acids and Weak Bases

For salts derived from strong acids and weak bases (e.g., ammonium chloride, NH,C? ), The conjugate base
of the strong acid (e.g., CU") does not react with water. The conjugate acid of the weak base (e.g, NH,
fromNH, ) reacts with water to produce H.,O" ions, making the solution acidic.

NH,CE ——NH o+ Cliag)
NH, is the conjugate acid of NH, (a weak base) and reacts with water:

NH,

“(sab+H7O —

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

== NHS()I,) e Hloiﬂll)

The solution is acidic due to the NHj ion.
Examples: ALCL3, CuSOs, NHaNO; etc.
= Salts of Weak Acids and Strong Bases
The example of salt of weak acid and strong base is sodium acetate.

CH,COONay,, + H,0(;) == CH,00, y +Na,,,

CH,COO" is the conjugate base of CH,COOH (a weak acid) and reacts with water:
CH,CO0;,,; +H.0, ==CH,;COOH,,, +O0H .o

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: NBJCO3(H)C03 + NaOH), N33p04(H3P0‘ 2 p NBOH)

= Salts of Weak Acids and Weak Bases

For salts derived from weak acids.and weak bases (e.g., ammonium acetate; NH,CH,COO0 ): The conjugate
acid (NH})and the conjugate base (CH,COO") both affect the pH .

NH,CH,C00, , ===NHj ) +CH,CO0,,
NH; hydrolyzes to;produce H,0".

NHG (o) * HIO(') =—NHyoq + H3O(+oq)

CH,COO0 hydrolyzes to produce OH .
CH,COO0,,, y+ H,O(a a) ‘_—_ACHBCOOH,“) + OH(‘aq)

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 dominant.
Examples: NHsCN(NH.OH + HCN), (NH4):COs(H;COs + NHs)
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ACID-BASE INDICATORS

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

Hine=—=H" +in"
In is the symbol of the anion part of the indicator. Because the reaction is reversible, both Hin and In are
present. The solors 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" ions produced by the indicator. The indicator molecules further ienize to equalize the loss of H'ions.

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

m In basic solution

In acidic solution

Figure: Unionized 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 beiow
for some of the indicators commonly used

Methyl orange

Phenolphthalein [ ' W T
0 1 2z 3 RNk 7 &
pH

Figure: Range and colorchangesof some commeon Acid-Base indicators

> Selecting a Suitable Indicator

The two general criteria for anindicator to be used in a titration are:
e The pH atthe end of the titration should be close to the indicator's neutral point.
* The indicator should indicate a sharp color change near the equivalence point of the titration.
Each pH indicator changes color over a defined range of pH, known as the indicator range. An indicator
changes color overa range of about 2 pH units.

Q. Describe the general shape of a titration curve for a strong acid titrated with a strong hase, How -_., y7u
identify the equivalence point on this titration curve?

< Titration Curve and Equivalence Point
A pH curye is a graph of the pH of the solution verses the volume of titrant added. The equivalence point is the
point at which the amount of titrant added is just enough to neutralize the analyte solution completely.
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. The end point of the titration occurs when the mdlcator
changes color. We choose an indicator with an end point close to the equivalence point.
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1. Strong Acid-Strong Base Titration Curve:
Consider the titration of HCL with NaOH. Initially, the
solution contains only the strong acid. Since the acid is
strong, it completely dissociates, leading to a high  12-
concentration of H* ions and the pH is very low.
As NaOH is added, OH™ ions from NaOH begin to neutralize
the H' ions from HCL and pH of the solution rises.
The equivalence point is reached when the amount of 7 +—————
OH~ added is stoichiometrically equal to the amount of H' 6
ariginally present in the acid. The pH at the equivalence l
point in a strong acid-strong base titration is 7.0.

phenolphthalein

pH =7.00 at
equivalence gaint

[l

methy! red
The titration curve at this stage shows a steep rise in pH, 2-
changing quickly from acidic to neutral. The pH value at 1
the endpoint changes about from 4.0 to 10.0. These  °% 1o 2 1 1 = e 7o &
titrations have a pH of 7.0 at equivalence, so, such Volume of streng base added (mL)
phenolphthalein as indicator can be used as they show Figure: Strong acid-strong base titration curve

different colours in this range.
2. Strong Acid-Weak Base Titration Curve

Consider the titration of agueous NH, with HCL ”]
Initially, the solution contains only the weak base and it 1
only partially dissociates, with a lower concentration of 1
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
HCL is added, the concentration of OH decreases, causing %
a further decrease in pH. 6
Before reaching the equivalence point, the solutionisin a
buffer-like region where the pH changes more gradually.

equivalenca
The presence of the weak base and its conjugate acid 24 point
(from the salt formed) creates a buffering effect, which 1

phenolphthalen

4 -

§ 0
helps to moderate the pH change as the base is added. L= 48 25 3 45 s & . wp
The pH at the equivalence point will be less than Volume of HCL., added {mL)

=5. j i ightl ¢

7pH=527) because "the LONGEWE ek SShehthy Figure:strong acid-weak base titration curve
dissociates, releasing H* ions making the solution acidic

(NH; —NH,; +H").

After the equivalence point, the pH of the solution decreases

rapidly. This is because the strong acid dissociates completely in @ Rack Your Mind!
water, providing a high concentration of hydrogen ions H*, which b '
significantly lowers the pH. Methyl orange has its colour change in 3% mr::‘:‘ ;he s ek e

this range, therefore, it can be used as an indicator for strong acid-
weak base titrations.
Table: pH ranges of common indicators

Indicators Acid color | Base color | pH Range Type of Titration
Methy| orange | orange yellow 3.2-4.5 | strong acid-strong base
strong acid-weak base
Phenolpthalein | colorless | red 8.2 - 10.0 | weak acid-strong base
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i QUICK CHECK 9.6

|
1
| a) Differentiate end point and equivalent point.
i Ans. The difference between Endpoint and Equivalence:
' Feature Equivalence Point Endpoint
! Definition The point where stoichiometrically | The point where the indicator changes
| equivalent amounts of analyte and | color, signaling completion of titration.
s titrant react.
Theoretical Theoretical (calculated from Experimental (observed visuzlly or
vs. stoichiometry). instrumentally).
Experimental
Dependence Independent of indicator. Depends on the choice of indicator.
on Indicator
pH (Acid- PH is determined by the salt formed pH may slightly differ due to'indicator
Base (e.g., pH = 7 for strong acid-strong | range (e.g., phenolphthalein changes
Titration) base). at pH 8.2-10).
Precision Exact (based on reaction | Approximate (may hot perfectly match
stoichiometry). equivalence point).

b)  Explain how an indicator changes its colour in acidic and basic solution.
An Indicator Changes Color in Acidic vs. Basic Solutions:
1. Chemical Structure:
* Indicators are weak acids (HIn) or weak bases (InOH) with different colors in protonated
(acidic) and deprotonated {basic) forms.
2. Acidic Solution (pH < pK.):
* Excess H* ions shift equilibrium left:

Hins=——=H +In
* The protonated form (HIn) dominates (ewg,, red for methyl orange).
3. Basic Solution (pH > pK,):
* OH"ions remove H*, shifting equilibrium right:

; Hin—— In" + H'

i * The deprotonated form (In%) dominates (e.g., yellow for methyl orange).

: 4. Transition Range (pH = pK, ¢ 1):

| * Color change occurs (e.g., phenolphthalein turns pink at pH 8.2-10).

! Example:

! * Methyl Orange:

| Acidic (red, Hin) - Basic (yellow, In).

! * Phenolphthalein:

.l Acidic (colorless, Hin) — Basic (pink, In).

| Key Idea: The indicator’s color reflects the dominant form (Hin or In~) based on pH.

! €)  Suggest asuitable indicator for weak acid and strong base titration.

,' Ans. For the titration of a weak acid (e.g., CH:COOH) with a strong base (e.g., NaOH), the best indicator is:

| Phenolphthalein

! * pH Range: 8.2-10.0 (colorless — pink),

! ® Reason: The equivalence point PH is >7 (due to hydrolysis of the conjugate base, e.g., CH,CO0-).
| Phenolphthalein’s range matches this alkaline pH. |

—-—-—-—-———-—___--—--———-—_—-__.—_—.
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| d) Suggest a-s-uitable indicator for weak ac;;and weak base titration. 1
' Ans. For weak acid-weak base titrations, no indicator is ideal due to the gradual pH change near the'l
! equivalence point. However, if required: ;
| Suggested Indicator: Bromothymol Biue |
! e pHRange: 6.0 (yellow} t0 7.6 (blue). !
|| e Reason: Covers the neutral pH (=7) typical for weak acid-weak base titrations (e.g., acetic acid + !
I ammonia). [
1 Limitation: .
| Weak acid-weak base titrations often Jack a sharp pH jump, making pH meters more reliable than visual |
' indicators. '

Explanation
1 . HCL (acid) — H* +CL (conjugate hase)
HCl donates a proton, making Cl-its conjugate base.
2 0 When an acid donates a proton, it forms its conjugate base, and when a base accepts a proton,

it forms its conjugate acid.

BE; is a Lewis acid because the boron atom has only six électrons in its valence shell, which is
3 S.Q less than an octet. This incomplete octet makes BF; electron-deficient and able to accept a
lone pair from a Lewis base like fluoride ion.

Water concentration remains effectively constant (abbut 55.5 mol dm-3) because water is

4. s.Q present in large excess and only a tiny fraction ionizes, so its concentration does not change
significantly.
H+ = 10(—pH)
=10t

5 A

= 0.001 M or 1 x 10 ¥)M
pH is defined as the negative logarithm of the hydrogen ion concentration

K is the acid dissociation constant. It represents the extent to which an acid donates protons

6 2 , : :
5Q in water. A higher Ks value means a stronger acid.
7 c Presence of a common ion from a strong alecirolyte reduces the ionization of a weak
; electrolyte, shifting the equilibrium towards the reactants.
e A buffersolution resists a change in pH when a small amount of acid or base is added.
8, s.Q e Itmaintains a constant pH and is stable over time and on dilution.
o Buffers are made from a weak acid/base and its salt.
Based on “Le Chatelier's Principle” the system shifts to oppose the temperature change. So
9. C “temperature can increase or decrease Ksp” depending on the heat change of the dissolution
reaction
e The equivalence point is when the amount of acid equals the amount of base.
10. s.Q e It is where complete neutralization occurs

e It is not always at pH 7, depending on acid and base strength
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- MULTIPLE CHOICE QUESTIONS (MCQs)

Q.1
l.

VI

VIl

Vi,

IX.

XL

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

NHy(o) +Hi0y —sNH] ) +OM.
a) NH, is the acid, H,0 is the base b) NHM, is the base, H.0 is the acid
c) NHj, is the base, OH  is the acid d) H,0 is the 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 AgCt is 2.0x 102 moldm ™. The maximum concentration of Ag'ions in the
solution is:

2) 20x10" " moldm™  b) 1.41x10 moldm ¢} 1.0x10 “moldm™ d) 4.0%10"“moldm™
Which indicator is typically used for titrations involving strong acids and strong bases?

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

a) OH(.MU b) OH{;Q) C) HED"J d' Haoi.aq)

Which of the following is a Lewis acid but not a Bronsted-Lowryacjd?

a) HCL b) NH, c) AICY, d) H,0

In an acid-base titration, the equivalence point is reached when-

a) pH of the solution is 7.0, b) The indlicator changes color.

¢) Equal volumes of acid and base have been added, d)The reaction stops,
If the concentration of C/~ ion in a solution is increased, the solubility of silver chioride {AgCL) will:
a) Decrease b) Increase chRemain unchanged d) Become zero

Which of the following pairs of substances can act as a conjugate acid-base pair according to the
Bronsted-Lowry theory?

a) HCL and NaOH b) NH, and NH; ¢} H,0 and H,S0, d) H,0 and CH,
If the pH of a solution is 11, what is. the [OH"] concentration in the solution?

a) 1x10°M b) 1x10 ™M €) 1x10*Mm d) 1x10 M
Which of the following pairs forms a buffer solution?

a) (HCt) and (NaCe) b) (CH,COON3) and (CH,COOH)

¢) (NaOH) and (HCY) d) (NH,) and (Na,S0,)

Answer Key with E \planations

Option , Answer Explanation
NH, is the base, H,0 is the NH; accepts H*, making it a base; H,0 donates H*,
acid making it an acid.
* HiSOs =——=2H'+507
[H'] = 2 =107
1. b 2.7 PH = —log [H']
PH=—log 2 x 10*=_(log2 —3 log10) = - (0.301 - 3)
pPH=2670r2.7 :

s & more.
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e 0 |
Ky = [Ag"] fce?)
20x100=[Ag?][CL!] Since [Ag™] = [Ct?]
. b 1.41x10 °moldm 2.0%x10°= [Ag"Y

J20x107% = J[Ag“]z

[Ag*!] = 1.414 x 107° mol dm )
o Changes color near pH 7-9, ideal for strong acid-strong

V. b Phenolphthalein basa fitrations:

V. a OHtaq) s H,;0 loses H* to form OH" so OH- is its conjugate base.
VL. c ALCL, e Accepts an electron pair but does not donate H*.

ViL. i Equal volumes of acid and e Equivalence point is stoichiometric, not necessarily pH

base have been added. 7.

Vil a Decrease e Common ion effect reduces solubility.

IX. b NH, and NH} e NH; gains H* to form NH;

X. a 1x10*M B pH=11~+pOH=3»>[OH‘]:10" M.

Sodium acetate (CH,COONa) | o Weak acid (CHsCOOH) + its.conjugate base (CH;C007)

% B and acetic acid (CH,COOH) farms buffer.

- SHORT ANSWER QUESTIONS -

Q.2 Attempt the following short-answer questions:

a. Define the following with an example for each:
i) lonization constant i) Solubility product
iii) Common ion effect i¥) 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,

_HO7IAT]
*7 [HA]
(ii) Solubility Product: The solubility product is the product of the concentrations of ions raised to an
exponent equal to the co-efficient of the balanced equation.
Example: For AgCL

HA +HZO—,-—.—‘H3O' + A7

AgCl—=Ag +C[", Km—[Ag’][CI"]

(iii) Common ion Effect: The suppression of ionization of a weak electrolyte by adding a common ion to it
is called common ion effect. '

NaC/ ———“___Na('aq, +Cla

HCE p ==H.q +Clisa)

(iv) Acid-base Indicator: An indicator is a substance that changes colour to mark a titration’s endpoint.
Acid-base indicators exhibit one colour in acid and another in base. Most indicators used in acid-base
titration are weak organic acids or weak organic bases.

Example:
Phenolphthalein: Colorless (pH < 8.3) to Pink (pH > 10.0)

—c sl (4
(4 7
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b. Differentiate between:

i) Hydrolysis and dissolution ii) Acidic and basic buffer solutions
Ans. i) Hydrolysis and Dissolution
1 Feature Hydrolysis Dissolution
Definition | A chemical reaction where water breaks A physical process where a solute dissolves
bonds in a compound. in a solvent.
Nature Chemical process (forms new substances). Physical process (no new substances formed).
Involves | Reaction with water molecules (H* and OH" Mixing of solute and solvent (e.g,, salt in water).
may participate).
Energy May release or absorb energy Often absorbs energy (endothermic, but not
Change (exo/endothermic). always).
Result Forms new products (e.g., acids, bases, or Forms a homogeneous mixture (solution).
ions),
Example | A¢ce, +3H,0—=—Al(OH), + 3H' + 3¢ NaCly, —sNag, ¥Cry,,
ii) Acidic and Basic Buffer Solutions
Acidic buffers Basic buffers
* Those buffers which are formed by the | » Those buffers which are formed by mixing of a
mixing of a weak acid and a salt of it with a weak base and a salt of it'with a strong acid ‘are
strong base are called acidic buffers. called basic buffers,
® Their pH is less than 7. e Their pH is more than 7.
* Henderson's equation for acidic buffers ¢ Henderson’s equation for basic buffers
[salt] [salt]
pH = pKs + Iog‘@—] pPOH = pK; + log [base)
e.g. CH:COOH + CHiCOONa e.g. NHOH + NH4CL
weak acid  salt o? weak acid weak base  salt of weak base

¢ Explain the concept of conjugate acid-base pairs. How are they related in terms of proton transfer?
Ans. Conjugate Acid:
"A species formed after a Bronsted base acceptsa proton from the acid is called the conjugate acid”. The
hydronium ion (H,0") is the conjugate acid of water.
Example:
When NH; dissolves in Water:
When ammonia dissolves in water, proton transfer alse occurs. 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™ ion:

[ 2l 8 .
NH“‘.?H)O‘” - OH'”” v NHm,,

Base Ay Conjugate base Conjugate atid

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 pair.
Conjugate Base;
"A species formed after a Bronsted base accepts a proton from the acid is called the conjugate acid."
Example: The hydronium ion (Hs0*) is the conjugate acid of water. A species formed when an acid donates
a proton to a base is called the conjugate base. HCL + CE~ and H20 — H30" are conjugate acid-base pairs.
i
corvugale tase

ol
HCL + HO0—= HO + Ct

biave conjugale acid
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d. What is the relationship between the strength of an acid and the strength of its conjugate base?

Ans. A strong acid has a weak conjugate base because it donates protons easily. A weak acid has a stronger
conjugate base as it holds onto orotons 11
Example: HCE (strong acid) forms CO (very weak base). ’Z’T
e Strong Acid (HCL): Weak conjugate base (CL).

« Weak Acid (CHsCOOH): Strong conjugate base (CH;COO07).

e.  For the following three reactions, identify the reactants that are Arrhenius bases, Bronsted-Lowry bases,

and/or Lewis bases. State which type(s) of bases each reactant is. Explain your answers,

i) NaOH,, —>Naj, +OHyq i) HRipq +H;0 ——>Fiy +Hy000q i) Hiyq +NHyoq —>NHioq)

aq)

Ans. (i) OH- isan Arrhenius and Bronsted-Lowry base (accepts H*).
(ii) H:0 is a Bronsted-Lowry base (accepts H*) and Lewis base (donates lone pair).
(iii) NHs is a Bronsted-Lowry and Lewis base (accepts H* and donates lone pair).

f.  An amphoteric substance can behave as either an acid or a base. Identify whether water behaves as an
acid or a base in each of the following reactions.

i) Hy0+HC!—>H,0" +CL ii) NH, + H,0——>NH} +OH
iii) HNO, +H,0——H,0" +NO; iv) CH,COOH+H,0—— CH,CO0™ +H,0’
Ans. Reaction H;0 Role Reason
i) HO+HC ——H,0" +C Base | Accepts H* from HCL
ii) NH3+H20 ——NH; +OH Acid Donates H* to NHs.
iii) HNO3+H20" —>H30" +NO; Base | Accepts H* from HNO;.
iv) CH3COOH+ H20 —> CH3COO + H30' Base Accepts H* from CH3COOH.

g- Which salt would you expect to dissolve more readily in acidic solution: Barium sulfate or Barium
fluoride? Explain. K, .., =1.1x 10"°,K,p(m'_m_,.)

Ans. Barium fluoride (BaF,) dissolves more in acid,
Reason: F~ reacts with H* to form HF:
BaF, =——= Ba™'+ 2F" F +H —> HF

BaSO. is unaffected because SO doesn’t react with H*.

h. Why does common ion 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 ion. The ionization of KCLO; is suppressed and it settles
down as precipitate.

KCLO3y) =—— K(;a) b Clo(:n)

—_
- =
KC"“) =y K(au) + c"taq)

i State the basic principle of solubility product. Mention factors affecting solubility product.

Ans. It is the product of molar solubilities of two ions at equilibrium stage.
For example: sparingly soluble salt, PbCL. Ky; = [PbZ][CL)?
Ksp is usually a very small guantity at room temperature. The value of K, is temperature dependent.

Factors Affecting K,;:

s Temperature

e Presence of commaon ions

e pH {if salt has basic/acidic ions)
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j-  Prove by equations what happens when Na,CrO, is added to saturated solution of PbCro,.

Ans. When Na;CrO,is added to a saturated PbCrO., solution, it increases the concentration of CrO.2 ions.
According to Le Chatelier’s Principle, the equilibrium shifts left to reduce the added CrO4* ions:

PbCrQsaq) Pbtzt;u) o Croj(ﬂ)
Na:CrOuug) 2Na* + CrO;

 Result: More PbCrO4 precipitates out, decreasing its solubility.
* Reason: The common ion (CrOs*") suppresses the dissociation of PbCrO,.
This is an example of the common ion effect reducing solubility.

k.  According to the Lewis acid-base concept, Boron trifluoride (BFs) can act as an acid. Is this statement correct?
Ans. 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:
BF3 + NH;——> HiN— 5 BF;
Here, BF3 accepts the lone pair from NH;.

l.___I!f 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*] =1 x 105 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(1x10°%)
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 pairs
and explain clearly their relationship.

Ans. See Page No. (294)

Q.4 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.

Ans. See Page No. (295)

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

Q.6 What is the solubility product for sparingly soluble salts? Give its two applications.
Ans. See Page No. (309)

Q.7 Describe the general shape of a titration curve for a strong acid titrated with a strong base. How can you
identify the equivalence point on this titration curve?

Ans. See Page No. (315)
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- NUMERICAL PROBLEMS -

Q.8 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?

Given Data: pH = 50
pKs = 4.8
salt
Formula: pH = pK'+|°gi[a_t:i_c!Ji
Putti Y 2 [A7]
tting the values: 5.0 = 4.8+log m

A
Solve for the log term: Iog(-{-}-_—l-l—\%} = 50-48=0.2

Convert log to ratio (antilog):
A7) _

Al 10°2=1.58
Final Result: HA] = @

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

Q.9 Calculate the solubility of a sparingly salt lead (ll) iodide (Pbl,) in water. It has K_, = 1.4x10°%,
Given Data: Ko = 1.4x107
Pblagy === Pbiny + 2T

Define Solubility (s):
Let - s = molar solubility of Pbl; (mol/dm?).
At equilibrium: [Pb*] = s
[I] = 2s(2 moles of I are produced per mole of Pbl,).
Ks, Expression: Ko = [PB®)[FF
= (s)(2s)%=4s?

Solve fors: 4s? = 14x10°®

-8

@ AU | 354107

a
¢ = Y3.5x10° =[1.52 x 10 mol/dm]

Final Answer: The solubility of Pbl; is 1.52 x 10 mol/dm®.

Q.10 The molar solubility of silver chromate (Ag,CrO,) in pure water at 298 K is 6.5x 10 °mol dm.
Calculate the K;, of silver chromate at this temperature.
Given Data:
Molar solubility (s) of Ag:CrOs = 6.5 % 10°* mol dm
AgaCrOus == 2Agjsy + CrOiq
lon Concentrations in Terms of s

[Ag'] = 2s(2 moles of Ag’ per mole of Ag,CrOa).
[CrOZ7] = s (1 mole of CrO; per mole of Ag;CrOa).
Ki, Expression: Kep = [Ag'1ICrO3]

(25)(s) = 4s°

‘Substitute s and Solve for Kp: K, = 4 x(6.5x107)°

Ksp = 4%(2.746 x 107°)
Kso 1.10 x 1072 molPdm™
Final Answer: Ksp =
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- ADDITIONAL SLOs BASED MCQs -

1. Water cannot act as:

A. Lewis acid B. Lewis base C. Bronsted acid D. Bronsted base
2.  pH of 0.01 M HCl solution is:

A. 107 B. 107 C.2.0 D.1.0
3.  Anaqueous solution of ammenium chloride is:

A. Basic B. Acidic C. Neutral D. Amphoteric

4. Anaqueous solution of which compound is basic.
A. Ammonium nitrate B. Calcium chloride C. Ammonium acetate D. Potassium carbonate

5.  Which statement about acids is not correct? An acid:

A. Contains hydrogen ions in solution B. Contains Oxygen

C. Has a pH of less than 7 then D. Gives off carbon dioxide from a carbonate
6. Ifaliquid has a pH of 7 then:

A_ It must be colourless B. It has boiling point of 100°C

C. It must be a solution D. It must be neutral

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

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

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

C. Carbon monoxide (CO) neutral ». Lead oxide (PbQ) basic

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

A5 B.7 C.9 D.14
10. If dry citric acid crystals are placed on dry litmus paper they will:
A. turn yellow B. turn green C. turn red D. remain unchanged
11. 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
12. Astrong acid:
A. Is always partially ionized when in solution B. Is always fully ionized when in solution
C. Always decomposes carbonates D. Always contains oxygen
13. Which one of the following oxides dissolves in water to form acidic solution?
A. MgO B. Na;0 C.S0; D. Si0;
14. 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,
C. Reaction with CO; in the air D. Loss of water, sulphur dioxide and oxygen

15." The oxide of a metal was found to react with HCl and agueous NaOH solution. Which of the following is
the best description of the oxide?
A. Acidic B. Amphoteric C. Basic D. Neutral
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Answer’ £y U th Xp anations

Explanation

Water can donate and accept proton (H'). So it can act as Bronsted acid as well as base.
H;0 + H;0 Hi0* + OH"

e Similarly, in water, oxygen has electron pairs which it can donate to other species, so

1. A water acts as Lewis base.
H-O: +H — [H-b—) H]
| i
H H
But water cannot act as Lewis acid.
HCl ——— H'O+CI"
0.01M 0.01M )
Since HCl is a strong acid, it ionized completely giving [H'] =0.01M = 107M
2. c pH = —log [H*]
pH = —log 102
pH = 2 log 10 log10=1
pH = 2
HCI + NH3 —————— NHaCl
3. B Strong acid weak base Acidic salt
When NH.Cl is added, the solution becomes acidic.
Salt Type Nature of Solution
H
N '4N0;. Acidic Salt Acidic solution
Ammonium Nitrate
4, D CacCl; Somewhat neutral
y . Neutral salt Y
Calcium chloride solution
v K€l Basic salt Basic solution
Potassium carbonate

HCI, HBr, BFs, AICl: etc are acids but they do not contain oxygen. Anyhow H;504, HNO;,

> ; CHsCOOH etc have oxygen in them
pH = 7 (Neutral)
6. D | Solution < pH > 7 (Basic)
pH < 7 (Acidic)
When air is bubbled through pure water, CO, combines with water and forms carbonic acid.
7. B COjy(g + H20(y —> H2CO3(aq)

As a result, pH of the solution decreases
Lead oxide (PbO) is an amphoteric oxide.
PbO + HyS0s—— PbSO4 + H;0
8. D (base) (acid)
PbO + 2NaOH + H,0 — Na; [Pb{OH)a]
(acid) (base)
Concentration = Molarity x Volume of H" or OH~

9. B
Since [H*] = [OH] in both cases, so a neutral solution having pH = 7 is formed.
10 D Moisture is necessary to effect the litmus paper. In moist, the litmus paper turns red with citric
' acid.
11, c KOH + HCI —— KCI + H,0

Strong base Strong acid Neutral sait
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KCl will not hydrolyse, so solution remains neutral.
12. B |The stren_grth of an acid depends upon its extent of ionization. A strong acid fully ionizes in solution.

Metals form basic oxides
Generally - [Non-metals form acidic oxides
B ¢ SO; + H0—— H,S0; (sulphurous acid)
Acidic oxide
14. A Blue vitriol is deep blue solid copper (!l) sulphate pentahydrate is heated to drive off water
vapours to form white solid copper (1) sulphate.
Aluminum oxide (Al:0s) is amphoteric and it reacts with both acidic and basic solution.
Al O35y + 6HClpqp —> 2ZAICH ., + 3H20,
15. B (basic)
Alzo;(s) + 2NaOHuq) —> 2ZNaAIO; g + H2O0p
(acidic)

- ADDITIONAL SHORT ANSWER QUESTIONS -

Q.1 Why do the equilibrium constant value has its units for some of the reversible reactions but has no units
for saome other reactions?

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

Hog + lag 2HI
1mol 1 mol 2 mol
HF  (moldm™)

¢ =no units

" [H,0,] (moldm>.mol dm )
ii. If the number of moles of reactants and products are not equal.

Nag + 3H2l) = 2NHyy
4 mol 2 mol

INH, [mol dm *]

& = — =mol~ dm*
[NJH, P [mol dm#){mol dm * |

Q.2 Define pH and pOH with mathematical expressions. What is the sum of pH and pOH?
Ans, pH: “The negative log of hydrogen ion concentration is called pH.”
pH = —log[H']
pOH: “The negative log of cancentration of hydroxide ion is called pOH.”
pOH = —log[OH]

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
Kw = [H'] [OH]
Taking log: logKw = log[H'] log[OH]
Now muitiply with (-1)
~logKy = —log[H'] + (—log[OH )
pKw = pH + pOH
pH + pOH = 14 at 25°C (Since, pKy = 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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Q.4 What is ionization constdnt of acids.

Ans. lonization Constant of Acids:
The ionization constants of the acids is the quantitative measure of the strength of the acid. Acids and bases
when dissolved in water may or may not be completely dissociatetl. Many acids are weak electrolytes and
they ionize to an extent which is less than 100%.

Q.5 Define Lowry Bronsted concept of acids and bases.

Ans. Bronsted Acid:
“Those species (ions or molecules) which donate or have a tendency to donate proton [H'] are called

acids.”
H-O
/_\
Example: HCL + H,0 =—— H,0* +C{~
Acid Base

Bronsted Base:
“These species (ions or molecules) which accept or have a tendency to accept proton (H') are called
bases.”

Q.6 What are conjugate acids and bases?

Ans. 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., CH3;COOH + H0 CH3COO~ + Hs0*
acid base conjugate base conjugate acid

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

H#
r—\
NH; + H,O
Base Acid

Conjugate acid-base Pair
When a weak acid or a weak base isdissolved in water, the conjugate acid base pair is produced.
Example:

NH! + OH"

CH:COOH + H,0 CH:COO~ + H30"
acid base conjugate base conjugate acid

Q.7 What is the formula to calculate the percentage ionization of weak acid? (LHR 2018 Gl)
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 X

Q.8. Define pK, and pKp. Give its significance.

Ans. pK,:
“The negative log of dissociation constant of acid (K,) is called pK.,”.
pKa = —log K;

% ionization = 100

1
pK; ks
pKp:
“The negative log of Ky is called pKy”.
pKo = —log Kn
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Significance:

* pK, and pKs gives us the quantitative strength of acids and bases respectively.
e larger the value of pKi, weaker will be the acid and vice versa.

e Larger the value of pK;, weaker will be the base and vice versa.

Q.9 Prove that pK, + pKy = 14 at 25°C.
Ans. Let us take the log of equation:
log(Ka % Ky) = log(Kw)
log Ks + (log Ke) = log Ky
Multiply both sides by *—1’
—log K; — logKy = — logKy
Since, pKa =—logK, and pK = - logkK,
So, pKas + pKs = pKy = 14
Hence pK, and pKy, of conjugate acid base pair has a very simple relation with each other.
pKa + pKy = 14 at 25°C

Q.10 What is ionic 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 water. It is
represented by Ky, and its value is 107 at 25°C.

Kw = [H][OH]
Kw = 1071 at 25°C

Q.11 What is buffer solution? Give types of buffer solution with one example each.

Ans, Buffer Solutions:
“These solutions which resist the change in their pH when a small amount of an acid or a base is added to
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 | ¢ These buffers which are formed by mixing of a

mixing of a weak acid and a salt of it with a weak base and a salt of it with a strong acid are

strong base are called acidic buffers. called basic buffers.
e Their pH is usually less than 7. e Their pH is more than 7.
e Henderson’s equation for acidic buffers * Henderson's equation for basic buffers

salt] salt

pH = pKj + Iog'[l;ci—(ﬁ pOH = pKp + '03-[{;3]

e.g., CH;COOH + CH3COONa e.g., NH.OH + NH.CL
weak acid  salt of weak acid weak base salt of weak base

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 is
added in it is called buffer capacity.”

[Salt]
PH = pKa + log 1434
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Q.13 Define common ion effect. How can NaCL be purified by common ion effect?

Ans. Common lon Effect:
“The suppression of ionization of a weak electrolyte by adding a common ion from outside is called
common ion effect.”
Example: Purification of NaCL:
NaCL is purified by passing hydrogen chloride gas through the saturated brine. Sodium chloride is fully
ionized in the solution. Equilibrium constant expression for this process can be written as follows:
NaClyy === Na,, + Cliy)
[Ha'l[CL]
Ke="Nact]

HCL also ionizes in solution.

HO =—= H"w + Cly
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 is called common ion effect.
Na, + Cliq === NaCly,
The addition of a common ion to the solution of less soluble electrolyte suppresses its ionization and the
concentration of unionized species increases, which may come out as a precipitate.

Q.14 Give applications of common ion effect (any two).
Ans. Applications of Common lon Effect:
e Precipitation of 2nd Group Basic Radicals of Salt Analysis:
Similarly the dissociation of a weak acid H.S in water can be suppressed by the addition of stronger
acid HCL. H* is a common ion. HS becomes less dissociated in acidic solution. In this way, low
concentration of S is developed.

+ >4 1M
HiS === 2Hq * Siaa)
This low concentration of $* ions helps to do the precipitation of radicals of second group basic
radicals during salt analysis.

HCLao) == Huq) + Clizey
s Precipitation of 3rd Group Basic Radicals of Salt Analysis:
An addition of NH4CL in NH.OH solution suppresses the concentration of OH,,, due to the presence of a
large excess of NH, from NH.CL. Actually, NH:CL is a strong electrolyte. The combination of these two
substances is used as reagent in third group basic radicals.
NHiClag === Na,, +Clo,

NH1OH(uq === Naj,, + OHy

Q.15 Write the effect of common ion on solubility. Prove by equations that what happens when NaCrO;, 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 PbCrO4, which is a sparingly soluble ionic salt. )

2+ 2-
Pbc'od(au) ‘__—‘Pb(m) H Crod:aq)

Na,CrO,,, =——2Na,, + crof

Now add Na;CrOs, which is a soluble salt. Croi— is the common ion. It combines with Pb?* to form more
insoluble PbCrOa. So equilibrium is shifted to the left to keep Ksz constant.
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Q.16 Define Solubility Product Constant {K;;). Give two examples.

Ans. Solubility Product:
“The product of the equilibrium concentration of ions raised to an exponent equal to the coefficient of the
balanced equation at given temperature is called solubility product (Ksp).”
Mathematical Form:

A,B, XA' + yB™*

(A8
[AB,]
Kc [ABy] = [AM[B)Y
Ksp = [AYT[B7)”
K, is the product of molar solubilities of two ions at equllibrium.
Examples:
1. When Lead Chloride (PbCL;) is shaken with water the solution contains Pb*2, CL and un-dissociated PbCL,.
It means an equilibrium exists between PbC{; (solid solute) and the dissolved ions, Pb*? and C¢ .

PbClyy === PbClyaq = Pb;, +2Ct,

Ke =

According to law of mass action:
_[Po"lctF
- IPbe,]
K: [PbCL;] = [Pb][CL ]
K = [Pb*?)[CL)? = 1.6 x 1075 at 25°C
2.  Solubility Product Expression for Ag:CrOa:
Ag:CrO, === 2Ag" +Cr0"
. lhel(croy)
¢7  [AgCrOq)
Kip = K[Ag']* [CrOa]?

Ke

0069
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. SELF~ASSESSMENT |[& ElaCig 1l

Q.1 Encircle the correct option. (1 x6=6)

Total Mark: 30

(i) Given the following reaction:
NHsg + H:Oy——> NH;(M) +OHgq)

A. NHs is the acid, H;0 is the base B. NHs is the base, H;0 is the acid
C. NH; is the base, OH™ is the acid D. H:0 is the base, OH™ is the acid
(ii) Inthe given reaction, the conjugate base is:
NH; + HCL— NH; + CL
A. NH; B.CL C. NH; D. HCL
(iii) Which statement correctly describes a Lewis acid?
A. Accepts a lone pair of electrons B. Donates a lone pair of electrons
C. Always donates protons D. Has a negative charge
(iv) If the pH of a solution is 11, what is the [OH"] concentration in the solution?
A.1x1073%M B.1x 101 M C.1x102%M D.1x107M
(v) The solubility product of AgCL s 2.0 x 107 mol dm™®. The maximum concentration of Ag* ions in the
solution is:
A.20x10mol dm™ B.1.41x 10°moldm™ C.1x 107 moldm™ D.4.0%10®moldm™
(vi) Which indicator is typically used for titrations involving strong acids and strong bases?
A. Methyl red B. Phenolphthalein C. Bromothymol blue D. Litmus solution
Q.2 Write short answers of the following questions. (2 x 8 =16)
(i) Identify the Lewis acid and Lewis base in the reaction between:
(a) SOz and O (b) HCE and H:0

Also write down the balanced chemical equation for the reaction and explain

(ii) Calculate the pH of a 0.01 M NaOH solution.

(ili) Determine [H;0'] in a 0.01 M HA solution given'K, = 1.0 x 1075,

(iv) Define common ion effect. Give a suitable example.

(v) Differentiate end point and equivalent paint.

(vi) 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.

(vii) How does a buffer maintain pH stability?

(vili) 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.

—eofe
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