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Introduction . | |

Acids and bases play key roles in your bodies, homes and i g
society. Proteins, enzymes, blood and other components of living matte e
both acids and bases.

Acids were originally identified by their sour taste. Now they 3
recognized by the colour changes of dyes called indicators and by their re;
with metal oxide, hydroxide and carbonates and also with metals themsafue:
of these reactions produce ionic compounds called salts.

Bases were originally identified by their slippery feel. Now they i
recognized by their effect on indicators and by the fact that they react wiho
neutralize acids. If a base dissolves in water, it is called an alkali. =

You have already learnt about acids and bases in grade X. I this unt J&
will recall the Bronsted- Lowery concept and Lewis concept for acids and D&
You will also study in this unit about conjugate acid - base pairs, strength
acids and bases, pH and pOH, buffer solutions and their applications et¢

8.1 Acidic, Basic and Amphoteric Substances | ol
The word “acid” is derived from the Latin word "acidus’, mean:“ﬂam.. :
Some of the characteristic properties commonly associated with il
following:
1. Sour taste
2. The ability to change the colour of litmus, from blue to red
3. The ability to react with, _ 5
= Metals such as zinc and magnesium to produce h}’dmgen g[gﬁ:}
« Hydroxide bases to produce water and an ionic comPe!
= Carbonates to produce carbon dioxide gas.

. : ref
These properties are due to the hydrogen ions (H yithat:d
acids in a water solution e.qg.

HClm —2 H;qﬁ Cl;wl
HNO,, —%2 ,  H;  + NOyw)

+ Characteristically, a base is a substance capable of
lons (OH), in water solution, Hydroxides of the alkali metals L
alkaline earth metals (Group TIA), such as LiOH. NaOH, KOH, ca® ¢a||9d .
are the most common bases. Water saluti;:lns of bases ars
solutions or basic solutions. Some of the characteristic proP
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Acids, Bases and Salis % i ;

ors and Acceptors

ction, the acid gives up proton (H') and a base accept it i.e.
from an acid to a base occurs. In otherwords, a proton donor
' ¢ i le, hydrochloric acid (HCI) reacts
L oton acceptorisa base. For examp ! reac
'maﬂquagﬂ-}aj to form solid ammonium chloride (NH,CI). Hydrochloric acid
o nia : _

mm'-?-mwr::up aprotona nd ammonia accepts it

g A

ﬂ*ﬂ}

_m_.:aﬁi;j*base red
: .sfér-ﬂfa proton

| HClsgy * NH3aq) —— NHyq * Cf[aq]

o i is not
Unlike the Arrhenius theory, however, the Bronsted-Lowery theory |
adicted to agqueous solutions.

M 122 Relative Strength of Acids and Bases a

The Bronsted-Lowery concept C?”Sideﬁﬂlﬁ e
oton-transfer reaction. The sironger acids are . ba;e.‘-' d-.
Wiore easily than other acias. Similarly, the strefg olative
8 orotaris more strongly than mh*if}if eactions, you can observe relative
By comparing various aci

| "ngths of acids and bases in table 8.1

~ Anacidis strong if it completely 1"
*lon of hydro chloric acid with water:

n acid-base reaction as
jose thew protons
sose that hold on

I o (]

: Cliag :
HClag + H:0p — i acid
Acid base extreme|y5mﬁﬂ ;

| Thi - L only toan &’ : g ac!

B o e e adl
. Ezpe-f.'n?ﬁﬁﬂ? proves that in a 0-1M a:jl'tés have
gy about 1% ofthe acetic acid MO0 i 5
his reaction, This shows that €=

e :
e - I8 4

Scanned with CamScanner

= . = T e




Scanned with CamScanner




Scanned with CamScanner




Scanned with CamScanner




5 Acids, WRGAT BYFUTURE DOCTORS (TOUSEEF AHMAD)~—==—=—— <

= Il
eak acids contain a mixture of unionized acid molecules, H:O* ions, and the m
rijvgate base. Examples of weak acids are hydrofluoric acid (HF), ar:'etic acid Uil

The aqueous solution of a weak acid contains hydronium ions, anions, and
ved acid molecules. Hydrocyanic acid is an example of a weak electruly;e. In
solution, both the jonization of HCN and the reverse reaction occur
ously. Although hydronium and cyanide ions are present in solution, the.
favoured. Most of the solution is composed of hydrogen

disso
aqueous

simultane
everse reaction Is

cyanide and water.

HCNag + H200 = H3O%aq + CN (ag)

of Bases
“Most bases are ionic compounds containing me

’l'ﬁydrcxide anion, OH". Because these bases are ionic, they dissociate to some
 eent when placed in solution. When 2 base completely dissoclates in water to
produce aqueous OH ions, the solution is referred to as alkaline. Sodium
| hydroxide, NaOH, is a common base.
L NaOHs

tal cations and the E

!

| » Na*eg+ OHia
l Like acids, the strength of a base also depends on the extent to which the

H,0

‘base dissociates, or adds hydroxide ions to the solution. Like strong acids, strong
letely in water. Hydroxides of

:‘*Ef are all strong electrolytes that ionize €omp.
kali metals and certain alkaline earth metals are strong bases e€g.

KO Ba(OH) etc.

Weak Bases: Like weak acids, a weak base /s one that fonizes only to a

limi ;
Mited extent in water. Bases that are weak electrolytes are known as weak bases.

| mm A . '
Onia ionizes in water as follows:

NHs(ag + HaOg = NHa* (s + OHTaa
| by accepting a proton from water to
all amount of the

f Nln this ﬂ!f!ctinn, NH; acts as a base
Hi* and OH- ions. It is a weak base

Molee
Uie% undergo this reaction. =
Acids and bases when dissolved in water dissociat

$arge - _
b 9::1 ons, The degree of ionization is chara :
dten, \ds and bases are 100% ionized whereas,weak acid

erta; |
cy to donate a proton

:

]

.|

because only a sm

e into electrically

f the acids and bases.

cteristic 0 :
s and bases ionize to

——

| Th_ﬂ strength of an acid is measured from the tenden Sl
0 _-_-P.iir_matﬂf a b;se is the tendency to accept it it is noted from the acid — basé
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1 A weak acid has a strong conjugate base and vice versa,
A weak base has a strong conjugate acid and vice versa,

For example, : ‘ :
Since acetic acid is a weak acid and its conjugate base (CH3C00) St
CH;COOHug + H:0pg = HiO%a + CHiCOG,
weak acid ‘Weak base strong conjugate acid  strong CONgte bue

Similarly, ammoniia is a weak base and its conjugate acid (NH, ) s strong g

+* q -
NHipg + HiOwg = NHi'mg +  OHyyg
Wezk base Weak acid strong conjugate acid  strong conjugate bas

8.4.1 lonization Bquation of Water

Water, as you know, is a unique solvent. One of
its special properties is its ability to act either as an acid
or as a base.

“Carefu! electrical-conductivity experiments have 1
shown that pure water is an extremely weak electrolyte. Water undergoes b
ionization to a small extent, as shown in the model in figure 8.3.

- 41 the sMeaigation of water tivo water molecules produce 4 !lg'ﬂn?!_"' I
lon aid & hydronda lon by transfer of a protan, This reaction is sometires &
called the ;4 s matfanof water. [

* To describe the acid, base properties of water in the Bronsted - Lowed
framework, you express its autoionization as follows.

e S S
Acid2 ;

*

<ol H,0 HS-O" OH"

- Mgure d,a Self-lonization of Water ' w

You can observe the i) = tiaﬂ"’f
occurs by noting the sm Bl il WHGRE S o

use H* (ag) and Hi0°(s qi}!l!m\ialui of its equilibrium constant K= siz_aui 'ta”‘#
e | . er _ _
equilibrium constant can 5 c angri::gj t:; ;Epr?senl; ‘:;e hydra
re simply as,

IS0 be ey
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Whenever [H*] = [OH] the aqueous solution is said to be Neltry|
acidic solution, there is an excess of H* ions and [H*] > [OH).1n 5 basicsg-h-.-
there is an excess of hydroxide ions, so [H'] < [OH]. In other worgs 2 ol
which contains H™ ions equal to 107 M, is said to be neutral, |t the hygr
ions concentration is greater than 107 M, the solution is said to be a
whereas, if the concentration is less than 107 M, the solution is basic.

*  SelfsAissessment
Briefly explain amphoteric substance with examples.
Give examples of Bronsted-Lowery concept for acids and bases;

What is relative strength of acids and bases?

What are conjugate acid - base pairs? Give their examples.
Define ionization constant of water.

B

s
25
3
4.
5

i
8.4.2 pH, pOH and pK,,

The concentrations of H* and OH- ions in aqueous solutions are very s
and, therefore, difficult to work with these small numbers like 10-, The Dans
chemist Soren Sorensen in 1909, proposed a more practical measure =
expressing the concentration of H* and OH- ions in terms of pH. The acidiﬂ"fi-;
aqueous solution depends on the concentration of hydrogen (hydronium) ¥
This scale of acidity provides a simple, convenient, numerical way to st

acidity of a solution. Values on the pH scale are obtained by mather
conversion of H* ion concentrations to pH by the expression
pH = —log[H*] - ;
Wh - + . / Th'epqu
: ere [H'] = H* or H:0* ion concentration in moles per i
di:,;ned as the negative logarithm of the H* or H:0* concentration I w
drr.

PH = —log[H3;0%] or pH=-log[H*]
A neutral solution at 25°

Chas a [H*] of 1 x107 M.
PH = - log[H"] (8.5)
PH = -log(1 x 1077 |
pHE—(Cn=7

Therefore, the PHis 7.0,
pH

Lo o .
i 00 for an acidic solution

5 7.00 for a neytra| solution
P .00 for a basjc solution

(H*] > 1.0 x 107 M
H]=10x10"M
(H] <10 x 107 M

A
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m Acids, Bases and Salts
Example 8.3 SGEE=N ‘
Calculate the [H*] antl [OH7]

pH of 4.
Solution
pH of solution = 4
[H*] = ?, [OH]=?
Since you have the equation (8.6) ,
[H*] =10-PH
Putting the values, you get,
[H*] =104
As you have,

1 _[o™]
HIOH] =10 o [0H1=[m~]]

ions concentration of 3 Solution Wh‘i}f’ﬁ"l.%

Putting the values, you get,

10
H f=—0
T
Ot = 10744 = 1010
Practice Problem 8.1 = SR P e
Calculate the pH of 0.002 M hydrochloric acid (HCI) solution. (-
Practice Problem g 2 | i i s el
Find the pH

T -

of 0.082 m NaOH soiu_ti.oﬁ.

8.4.3 Acid Ionizatio
Consider a

fepresented by

n Constant, K

a and PK,
weak Monoprat;

(ag)
"ession fo, this lonization js
Kc- H!cr] [Aj
[Hzo [HA 8.9)
K,_.[Hzo]:[ﬂé%%[ﬁj
Wh . - ation®
1€ for acig S Ke (H.0] = Ka/ 50 you can write the above et W
HO (& |
K3 A
\m\ (8.10)
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T Acids, Bases and Salts

R i  acid-base reaction, therefore, is one that involves the donation of
- dectto ns from one specie to another. Such a reaction does not produce

iP“u Jwater and is not restricted to any particular solvent.

Jaté Table 8.8 summary of Three Concepts of Acids and Bases
Concept Definition of acid Definition of base
thenius H* producer . OH- producer
gronsted — LOWETY. H* donor H* acceptor
Lewis Electron pair acceptor = Electron pair donor

L L=

| Whatis pKa and pKb?

) Whatis meant by leveling effect?

| 3 Whatis Ku?
| ¢ What are Lewis acids, explain it with examples?
. What is the significance of Lewis concept? Explain it with suitable examples.

6 ow the sum of pK, and pK, is equal to 14.

CETY, TECHNOLOGY AND SCIENCE

5 Mi“‘ Is mixture of different components. The major Fompungnts of milk

w:;fte'"* fat and water. When you talk about the cur;lhng of milk, you are

| " toncerned with one specific milk protein called casein. |

[ EMI“ groupings are spread evenly throughout the mlik. Normally, casein

Wﬂoat around in the milk without bonding to anything: These gragpmgs

hﬁs‘w charge, which makes them repel other groupings 32 :::e; agr::

,Jﬂ“‘qﬂhatedcz?;n ﬂ“ebnly dispersed in the milk. Caseln has a ten

and combined. : |

%'nsnt: IETF’"' juice is added, it increases milk's 'acidlt-y bE{:fj:hIE:;;rs‘

-:;“ein se:c'dj‘ \"..Vhan. milk becomes acidic, )

. St tu=r;t-E' is neutralized. Now instead of P
g all ump together. Eventually largé enou

lg 7 seethe separation, and then you have

gh clumps are
curdled milk

Buffer ¢ 1
by ..sal“ﬁﬂns and their 'Applicatinns =
::Nrﬂ:iwatﬂf has a pH value equal to 7, but even the PUrest fﬂfmd.a ! u:l e in
%n this value of pH = Th that carbon lOXI

el e of pH for long time: o the silicates from

My Water and gives it a slight 2
b |
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Acids, Bases and Salts

Addition of H*
—p-
A o
NH,OH =—— OH™ + NH?
i
NH,CI —— NH; kcr
Addifion of OH- ﬁ)N
- = H“D
Applications of Buffers H
L. The use of buffers is im ‘
: portant in some industri
: ustrial proc -
lezt;]nterrupted by large change in pH, Examplis .
ii er, photographic Materials and dyes i

iii, Buffer is jm

it =N Vit is et Y

A salt is f
| Ormed w
metallic ang acidic radicalh .

Salt

en g base is n
: Eutralized b : nsists off
Salt are p . E”amplag = Dy an acid. A salt co
pr%pamd by the fnilnwi:gN;cel‘hN:NO* NazS0, KCl etc
_ ods.

Chemistry Grade XI| ? ol
1
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KEY POINTS

= Brontsed acid is a species (molecule or ion) which donates or tengs 0 dog
a proton. : . ]
= Brontsed base is a species (molecule or ion) which accepts or tends tg 5 d
a proton.

® Stronger Brontsed acids are those that lose their
other acids.

® Stronger Brontsed bases are those that hold on to
than other bases.

A species formed from an acid by the loss of a proton is called the C-:Irijng;‘

base of that acid and a specie formed from a base by gaining a proton
called the conjugate acid of that base. |

v

prDtDﬂS More Eﬂﬁly ﬂld
i

protons more Stmnﬁ

|

" Astrong acid is one that ionizes completely in aqueous solution. ;
m A weak acid is one that ionizes only to a limited extent in water ]
m Acid-base

reaction involves the transfer of a pr : oy
: oton fr
weak acid has a stron P om an acid to a base

: g conjugate base whil : e
conjugate acid, while a weak base has alwaysast!ﬁ;'E
Ioni :

Onic product of water, Kw is a constant quantity equal to 1 x 10 at 25°C !
Ku=[H" =Y
® When a base com (HJ[OH] = | x 1014 |

! Pletely dissoc; i . .
solution is referred a5 alkaline 21€s In water to yield aqueous OH ions,t

Strong bases are 3| t
strong elect :
" Aweak base is one thay jon rolytes that i

® [nthe self-iunizatiun of w

and a hydroxide iy ater, two water molecuyles produce a hydl’ﬂﬂi“mﬁ
of water. ransfer of 3 Proton. This is called the autoion@
. Water is ana

greater i Or H30* concentration in
: er is the acidi
Moles per s as the dity,

n e nEgati¥E |0ganthm of the OH" cﬂncentﬂtm
ni

tant, is the equilibrium constant for the '“M
Hxﬁqn

_

H‘.{'ﬂ? + x-(“]
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