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Acids, Bases and S

this unit, the students will be able to:

- fter reading
bases. (Remembering)

, Define sronsted and Lowery concepts foracids and
. pgﬁngsalts, conjugate acids and conjugate bases. ( Remembering)

. Identify conjugate acid-base pairs of Bro nsted-Lowery acid and base. (Analyzing)
ation constant of water and calculate pH and pOH in aqueous

K, values. (Applying)
zation and the acid dissociation ¢
d weak acids. (Applying)

and the base dissociation cons

d weak bases. (Applying)
s how a buffer system wdrk‘s._(Applying)

h a solution maintains a
f strong acid orstrong

Explain ioniz
~ mediumusing given
+ Use the extent of ioni
3 distinguish between strong an
_:1-.::U_$e the extent of ionization
~ distinguish between strong an
+ Define a buffer and show with equation
and explain how suc
ddition of small amounts O

onstant, K, to

tant, K, to

; ake 2 buffered solution
- Constant pH, even with the a
3 _baSE;-(Understanding)

f i :-USE th.e concept of hyd rolysi
3 i acidic or basic. (Applying)

% USe concept of hydrolysis to €X
: necessarily neutral- (Understanding)

g Define and explain leveling effect. (Unde

s to explain why aqueous solutions of some salts

plain why the solution of a salt is not

rstanding)
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Introduction _

Acids and bases play key roles in your bodies, homes and in indue
society. Proteins, enzymes, blood and other components of living matter chm&.
both acids and bases.

Acids were originally identified by their sour taste. Now they g6l
recognized by the colour changes of dyes called indicators and by their reacy,
with metal oxide, hydroxide and carbonates and also with metals themselves
of these reactions produce ionic compounds called salts.

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

You have already learnt about acids and bases in grade X. In this unit jo
will recall the Bronsted- Lowery concept and Lewis concept for acids and b :
You will also study in this unit about conjugate acid - base pairs, strength
acids and bases, pH and pOH, buffer solutions and their applications etc

8.1 Acidic, Basic and Amphoteric Substances ol

The word “acid” is derived from the Latin word “acidus”. mea“"“g :
Some of the characteristic properties commonly associated with acids &
following:

1. Sour taste
2. The ability to change the colour of litmus, from blue to red i
3. The ability to react with, ; 3
» Metals such as zinc and magnesium to produce hYdrogeng
= Hydroxide bases to produce water and an ionic compou”
= Carbonates to produce carbon dioxide gas. ,elea5ed |

; re
These properties are due to the hydrogen ions (H') that @
acids in a water solution e.g.

HCl,, —0 Hzaq)+Cl(—aq)
H,0 . 5 g
0 = NOB(:; iperat™®

Characteristically, a base is a substance capablé

lons (OH"), in water solution, Hydroxides of the alkall meta!
alkaline earth metals (Group TIA), such as LiOH, NaOH, KOH: £ a“ed
are the most common bases. Water soluti;ms of bases ° ;ies '
solutions or basic solutions. Some of the characteristic proP
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associated with bases are the following:

1. Bitter taste

5. Aslippery, soapy feeling

3. The ability to change litmus from red to blue
4 The ability to interact with acids

es are due to the hydroxide ions (OH), released by bases i-n

| Their properti
. awater solution. -
NaOH ———» Nag,* OH,,)
| H,0 o -
ca(OH),, —— Ciw) +20H,

|
The process of neutralization of an acid by a base is represented by the

! reaction of H* with OH to form water.

F Hio b OHpgy 5= H,0p)

f The substance, WhiEh Behaves as an acid In Baske solition and acts és @

I base in acidie selution is called amphoterie substanél For example, Water is the

" most common amphoteric substance. Water may either gain or lose a hydrogen ion
'(proton) under the appropriate conditions. A substance i< said to be amphoteric if it

" @nbehave both as an acid and asa base.

Forexample, water isan amphoteric substance, which

donates a hydrogen ion (proton) to @ base.

Water accepts a hydrogen ion (proton) and behaves as a base when reacts

With hydrochloric acid.
HCl(aq}

behaves as anacid and

SRR - %
+ H200 <"“"'"C'(aq)_ 4 H_30(aq>

so be seen clearly in the autoionization (self) of
ater IuI to

This phenomenon can al e
fromfone W
i

o
a:é;’;e:vtfhich involves the transfer of @ proton TReet IR
o produce a hydroxide ion and a hydronium:ion. cading (e
OH 2 Define acid,
iﬂ'fl{1}+ H20 %—__—__.-——-'—"---} H30+ + OH base and
= acid(@) base(?) g=sati, amphoteric
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n Donors and Acceptors
the acid gives up proton (H’) and a bése accept it i.e.

ton fromanacidtoa base occurs. In other words, a proton donor

@ dferof a pro -
daproton acceptoris a base. For example, hydrochloric acid (HCI) reacts
ia (NH,) to form solid ammonium chloride (NH,Cl). Hydrochloric acid

ton and ammonia accepts it

base reaction,

HCleg + NH3ag) —— NHug* Clag
Unlike the Arrhenius theory, however, the Bronsted-Lowery theory is not

| wticted to aqueous solutions.

#4122 Relative Strength of Acids a

" The Bronsted-Lowery concept considers an acid-base reaction as @

woton-transfer reaction. 7/he stronger acids are thosé which lose thew protons
/e those that hold on

B 0re easily than other acids. Similarly, the stro

Wprotons more strongly than other bases. _ .
_pase reactions, you can observe relative

A By comparing various acid
tngths of acids and bases in table 8.1.

- An acid is strong if it completely jonize
:'0" of hydro chloric acid with water.

nd Bases

s in water. For example, consider the

HClag + @ — Chag' * Hagi d[aq}
i Acid base Base r
3 se the
This : ; ely small extent. Becau
T 'Sreaction ' to an extremely :
: cion occurs nreverse o1 e HCl is a strong acid. The reason

65 et sl :
gy 085 Almost completely 1o the right;so the F-1® 7
| 'Wwoull;as%“g'add. as it loses its proton readily, more.
Udsay that HC| is a stronger acid th" HO -
%tef ® another example, look at the jonization of acetl

.- 9 CHSCOOH{ /)
T e —
El‘F’Er '

LORf o B R i
by tf-r‘a'b""“f’1%oft'he aceticacid

l_me-n_t_ Pva’e§ T 5'0,1M acetlc ac

b Zofimolecules have

IS reactio : AL is.a
s reaction, This shows that ! .S_C.QOH 1820

| LT '
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ek acids contain a mixture of unif:.-nized acid molecules, H3O* ions, aﬁd the m
onjugate base: Examples of weak acids are hydrofluoric acid (HF), acetic acid fl
The aqueous solution of a weak acid contains hydronium ions, anions, and !
gissolved acid molecules. Hydrocyanic acid is an example of a weak electrolyte. In
aqueous solution, both the ionization of HCN and the reverse reaction occur
simultaneous|y. Although hydronium and cyanide ions are present in solution, the
verse reaction is favoured. Most of the solution is composed of hydrogen
ganide and water.
HCN@g + H20) =—— H3O0%eg + CN (g

strength of Bases
““Most bases are ionic compounds containing metal cations and the

hydroxide anion, OH". Because these bases are ionic, they dissociate to some
extent when placed in solution. When a base completely dissociates in water 1o
Fl;l-pfoduce aqueous OH jons, the solution Is referred to as alkaline. Sodium
thdroxide, NaOH, is a common base.
r NaOHs £ 5 Na*(g + OH (a9

; Like acids, the strength of a base also depends on the extent to which the
base dissociates, or adds hydroxide ions to the solution. Like strong acids, strong

bases are afl strong electrolytes that ionizé completely in water. Hydroxides of
dkali metals and certain alkaline earth metals are strong bases e.g.

- KOHBa(OH), etc.

Weak Bases: Like weak acids, a weak base is one that jonizes only to a
Jytes are known as weak bases.

Ho

limj 2
Mited extent jn water. Bases that are weak electro

MMonia ionizes in water as follows:

" NHz(ag + H20g) —

form NI: ‘:‘his reaction, NH3 acts as a base by acceptin
+* and OH- ions. It is a weak base because on

€S Undergo this reaction
' = 3 i i into electricall
Chay Acids and bases when dissolved in water dissociate y

| i isti ' d bases.
i : stfﬂged '0ns. The degree of ionization 1S characteristic of the acids an

"9 aci : ‘ ases ionize to
‘Cqua-la'c'ds and bases are 100% ionized whereas,weak acids and b

NHs* @9 + OH7ea
g a proton from water to

ly a small amount of the

~ ng th:he strength of an acid‘is measured from the tendency 10 cizzaat;g ;ir:;tac;r;
4 4 _'Paif that. of a base is the tendency to accept it, 1t 1 noted from
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* Aweak 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) s tron

CH3COOHaq) + H:O0wy = HO%a + CH3COO0,y

weak acid Weak base strong conjugate acid  strong conjugate

Similarly, ammonia is a weak base and its conjugate acid (NH,") is strong i

- =
NH3@q + HaOng <=—— NHs'(aq) o+ OHaq)
Weak base : Weak acid strong conjugate acid strong conjugate base

8.4.1 lonization Bwti@n 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.

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

- 41 the saiviohigation of water Hivo water molecules prﬁdUEE d h}’dm”’“m

jon and & tiydroxda ion by transfer of a proton. This reaction is sometimes a0
called the ;¢ 4/ smpfanof water.

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

v : Acid1 Base! Acid2 Base2

Def ne strngth of |
acids and bases.

¥
T Fery

P
¢ -

" Wigure 8.2 Self-lonizati : ld
on of Water W
You can observe the small amount to which the self-ionizatio" u"1

occurs by noting the use
use H* (ag) an dgH30 ?man value of its equilibrium constant K Becal toﬂtﬂ
equilibrium constant c:r?) a:”te;chang%bly to represent the hYdrate
30 be expressed more sim
ply as,

HO  — o

Chemistry Grade Xl
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Whenever [H*] = [OH] the aqueous solution is said tg pe ”el;;ra 1
acidic solution, there is an excess of H* ions and [H*] > [OH). In 5 = so.lln"
there is an excess of hydroxide ions, so [H*] < [OH]. In other worgs )
which contains H ions equal to 107 M, is said to be neutral i thJe
ions concentration is greater than 107 M, the solution is said to
whereas, if the concentration is less than 107 M, the solution is basic

3 soly|
h}'dl'
be aigg

Lo e e, = TR,

- CH =aifnent ————
1. Briefly explain amphoteric substance with examples.

2. Give examples of Bronsted-Lowery concept for acids and bases;

3. What is relative strength of acids and bases?

4. What are conjugate acid — base pairs? Give their examples.

5. Define ionization constant of water.

8.4.2 pH, pOH and pK,, ‘

The concentrations of H* and OH- ions in aqueous solutions are verysm
and, therefore, difficult to work with these small numbers like 10", The Dan
chemist Soren Sorensen in 1909, proposed a more practical measur®
expressing the concentration of H* and OH- ions in terms of pH. The acidit‘i?f-
aqueous solution depends on the concentration of hydrogen (hydronium
This scale of acidity provides a simple, convenient, numerical way to s’
acidity of a solution. Values on the pH scale are obtained by mathem™
conversion of H* ion concentrations to pH by the expression

PH = —log[H"] -

+ 1 Hﬂ
Where [H*] = H* or H30* ion concentration in moles per v ’Tﬁe{:
defined as the negative Jo

: . mole
garithm of the H* or H;0* concentration "™

dn?’.
PHi=—loglHi0*) ©  or PH = - log [H*]
A neutral solution at 25°C has 3 [H*] of 1 x107 M.
PH = —log[H*] (8.5)
PH = -log(1 x 107 .
PHE=E= (=)= 7
Therefore, the PH is 7.0.
pH

et _< ";.00 for an acidic solution  [H*] > 1.0 x 107 M
= 72?) for a neutral solution [H*] = 1.0 x 107 M
00 for a bagjc solution [H*] < 1.0 x 107 M
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Example 8.3
Calculate the [H

pH of 4.
Solution

pH of solution = 4

IHE)i=2 [OH ]=7?

Since you have the equation (8.6) ,

[H*] =10-PH
Putting the values, you get,
[H*] =104
As you have,

H]OH] =104 o [OH‘]:DE'_]

;l sﬁ’-‘u\' 'y -3

9 T concentration of 3 sdlution, Whi_ch}'] |
&

Putting the values, you get,

10
Hijp—
PH g
Q= 0« 190
Practice Problem g 1 e e s

i

Calculate the I-i ofdooz Kh*h;d—“-r-—a.%:@_.--
Practice Probjem 8.2 [ S o

Find the pH of 0,082 M

Ochloric acid (Hcl) solution.

OH solution, e

k Monoprotic acig HA. Its ionization in watl
represented by
HA“"’..’L P H:0%ap + Avyg
The equilibriym €Xpression fo, this ionization s
01 [+
[H >0 [H A (8.9)
Kc-[HZO]"[H 30 ] [Aﬁ]
Wh [HA] 3
€re for aciq i uati0
[l‘j'l |Si e 0] - Ka: 50 you can write the above €4
O [A
K= [A]
 [FaT

(8.10)

Chemistry Grade Xl

Scanned with CamScanner



Scanned with CamScanner




— "= MDCAT BY FUTURE DOCTORS (TOUSEEF AHMAD)

m A'.:Is, Bases and Salts

8.4.4 Leveling Effect

Strong acids, such as HCl, HBr, and HI, all show nearly sy
water. The water molecule is such a strong base compared tq ¢
bases CI-, Br, and I~ that ionization of these strong acids is essentially Com'
aqueous solutions. The phenomenen by which ?"7-@_ strength of differans g
acids having close villues of pK; is levelled (equalized) by a definjte o
called leveling effect, The acid strength depends upon the solvent chosen

They éppear to have nearly equal strengths because their strength z
due to that of hydronium ion (H30*). All the acids, which are comple

dissociated in aqueous solution, are expressed by H3O*
find the order of

lonized.

e STTEngth-- _
he conjig

ion. It is not possieg
increasing strengths of these acids because they are compltgf}

In solvents less basic than water, you will be able to find that HC| HBr, ]

HI differs clearly in' their tct’a\'pdgpc .toqgi_ve up a proton to the solvent
example, when dissolved i etha‘l‘éf ((a wfegker base than water), the exentd

lonization increases in the order HC| < HBr HI, and so HI is demonstrated o
the strongest of these acids. ==

The same effect s noticed i

N the case of solutions of bases. Watér®
exerts a leveling effect on

- 2 the strengths of strong bases. For example the'-
lon, ,Q',\Eﬂith&mide ion, NH;_T1 are such strong bases that thé) ™
P l.e tely with water. When Na,0 and NaNH; are dissolved in water, %%
following reactions, . g

-..2 A
= | ) ;

: | ' ; xide"- '_
| 9th in water: they boh . 9% yield of YA®
o 2SI STength of 02 an i E:VZIZTtgl:E a :2?19% ofoH o |
b : O the str '

ehave 35 equally strong bases in aquzous solution. '
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| 3 What is Kw?

| ® How the sum of pK, and pK, is equal to 14.
. SOCETY, TECHNOLOGY AND SCIENCE

be.. Tetain

T R |

k‘rd'.sso his valye of pH for long time: Th
Pr ng tim

.Qn P

= Fggweeze=="  MDCAT BY FUTURE DOCTORS (TOUSEEF AHMAD)

; ’ Acids, Bases and Salts
AL&M_S acid-base reaction, therefore, is one that involves the donation of
no

from one specie 10 another. Such a reaction does not prod
uce

Jof electron® : _

i g water and is not restricted to any particular solvent.

" Table 8.8 summary of Three Concepts of Acids and Bases
concept Definition of acid Definition of base
Arrhenius H* producer : OH- producer
sronsted — LOWETY H* donor H* acceptor
Lewis Electron pair acceptor  Electron pair donor

 —— —  Self-Assessment -

| Whatis pKa and pKe?
) Whatis meant by leveling effect?

?

L What are Lewis acids, explain it with examples
lain it with suitable examples.

5, What is the significance of Lewis concept? Exp

"’eprubt/:il: i: mixture of different components. The major .compone.nts of milk
iy com;e:\te:nc.j- water. Wh('er? you talk a!::out the curf':llmg_ of milk, you areé
Gt Wl.th one specific milk protein called casein._ |
g'ﬂupin@ﬂ.n Q'QUPlngslare spread evenly throughout the milk. Normally, casein
leg " e -°_“t around in the milk without bonding to anything. These grogpmgs
h‘Ps t;‘;mhve charge, which makes them repel other groupings of casein and
““imhté;aseln evenly dispersed in the milk. Casein has @ tendency to get
e combined. :
b ns cit:;c|:ff10n juice is added, it increases milk’s .acidity be
%c,‘sein ‘epa:;d' V_?hen milk becomes acidic, the negativé charge
?o.,n s to at‘e' is neutralized. Now instead
% ump together. Eventually largé

tally cpop +

g Bllff 'Y see the separation, and then you
ey Z

Ure Solutions and their Applicatio”

Nog Water
Tetai has a pH value equal to 7, but.e¥
e reas

dic charact

cause lemon

which keeps
rt, the

enough ¢

have curdled milk.

S

en the P
on is that €
er or t

urest form of water
arbon dioxide in
he silicatés from

e e : :
%fn‘a ' Water and gives it a slight acl

" e
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Addition of H \! I‘\» H

e ———————— . 20

| NH4C}'| e OH + NH:
e
NHC o NH, |+ Cr
Addition of OH- ——>NH,OH
Applications of Buffers |
.. The use of buffers Is important in some industri
be interrupted b

g

li. Buffer is important in biological Systems because biological reactions
both pllants and animals are often Very sensitive to pH changes. Hu
blood is buffereq 10 a pH of 74 by means of bicarbonates, phosphaff
_ and comple Protein systems. '

iv. Protei.n studies myst be Performed in buffered media because
Magnitude ang kind of electrica| charge carried by protein molecy

r -

I S¥Bonate {COEZ) or bicarbonate (HCO3)
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| KEY POINTS

X
Brontsed acid is a species (molecule or ion) which donates or tengs t0 don
o

|:.T.

1

a proton. : : |

= BrF;ntsed base is a species (molecule or ion) which accepts or tends tg g,
a proton. ;

" Stronger Brontsed acids are those that lose their protons more easily ttf

i

other acids. ,

® Stronger Brontsed bases are those that hold on to

protons more stro;.*"
than other bases. '

1
y

| ® A species formed from an acid by the loss of a proton is called the conjugf

; base of that acid and a specie formed from a base by gaining a protor’

| called the conjugate acid of that base. ]
a

/A strong acid is one that ionize

s 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 proton from an acid to a base’
weak acid has 3 strong conjugate base while a weak base has always a st
conjugate acid. '

1
lonic product of water, k., is 4 constant quantity equal to 1 x 10~ at 25°C. !
When 3 B l Wi [H-‘][OH‘] i 78 (i ;

ase completely dissociates in wat i OH- ions
solution is referreq as alkaline, €r to yield aqueous

S both as an acid and a basé

H or H3;O* concentration in mole‘d
™ POH is defingq 5. P\ Oreater is the acidity. |

a : ; o
mMoles per dm3 - S the negatwe Iogarithm of the OH" concentrau
" K the acig ioniz

of an acig.
Hx(acn

ation con , o
constant. IS the equi“brium constant for the jon

_

H*ag + X (aq)
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