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8.1 Acidi BasncaltdAmphotcnc Substances.
| 8.2 Bronstcd—lowry Definitions of Acids and Bases
8.3 Relative Strength of Acids and Bases
8.4 Expressing the Strength of Acids and Bases
8.5 Lewis Definitions of Acids and Bases
8.6 Buffers Solutions and their Applications

8.7 Salt Hydrolysis
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S The students dents will be able to:
e Definc Bronstedand Lowery concepts for acids and bases(Remembering)
e Define salts, conjugateacids and conjugate bases. (Remembering) -
e Identify conjugate acid-base pairs of Bronsted-Lowery acid and base( Aml» o)
e Explain ionization constant of water and calculate pH and pOH in aqueous o0
using given K, values. (Applying) &
Use the extent of ionization and the acid dissociation constant, K, 10€ Jisting
between strongandweakamds (Applying)
e Use the extent of ionization and the base dissociation constant, Ky, 1 €%
petween strong and weak bases. (Applying)
e Defineabuffer, andshow with equations how a buffer system works-(AF
e Make a buffered solution and explain how such a solution maintains 8¢5
even with the addition of small amounts of srong acid or SO
(UndCrstandlns) 3
e Use the concept of hydrolysis to explain why aqueous solutions 0f some
acidic or basic. (Applying)
o Use concept of hydrolysis (o explain why the solution of a salt i ot P
neutral. (Understanding) 3

Defineand explain leveling effect, (Understanding)

o

(278)
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'i- atroduction
-":'mscs and salts are very important and common chemical compor
oused in the home and in the chemical industries. For example, vinegar o | =
: “v'aci-d that 1s COMmMOon n many foods and cleaning products. Cmusﬁ-uinsmb -~
fJenons, oranges and tomatoes juices contain citric and ascorble acids. Apples
tain malic acid. and grape juice contains tartaric acid Dairy products such as
ur milk, yogurt and cheese contain lactic acid. Carbonated beverages (soft

inks) contain carbonic acid and may also contain
wnzoic acid, citric acid and phosphoric acid Gastric w
ve contains hydrochloric acid. x\fhich is essential to |Never check the taste of)
gestion and is secreted by the lining of our stomachs |acids in the laboratory
pasignificant quantity of 1.2-1.5 L/day. The sulphuric bmugc some acids are very
id s used in the lead storage batteries and is also used [S0rTosive and some are
ithe manufacture of fertilizers, explosives, dyes and Copcane. s
fles. Bacteria in our mouths yield acids that can dissolve tooth enamel to produce
yities. On the other hand, the sodium hydroxide is a base and is used in the
liutacture of soaps, detergents and in the manufacture of other compounds. The
monia is also a base and is present in many household cleaners. The suspension
magnesium hydroxide also known as milk of magnesia is used as an antacid.
wminum hydroxide and sodium bicarbonate are also bases and are also used as
#ids. The sodium carbonate also known as washing soda is a common example
stand is used for washing purposes.
. Saltsare formed when acids react with bases. Some well-known examples of
St sodium chloride, sodium nitrate, and potassium iodide. Sodium chloride s
Wy one of many hundreds of salts that is used for seasoning and preserving

¥

s Sl

e o

Food Products and Allergic Reactionsin People: -
¢ is a naturally oceurring or synthetically produced substance that |

‘other organic materials to prevent decomposition or fmmtl:!n- |

y either be antimicrobial, antioxidants or RALFEAEYHS IS |

Pservaives inhibit the growth of bacteria, Yeast and M.
" Preservatives inhibit the oxidation of food constituents. They keep t‘q
ME rancig, browning, or dejveloping‘ blaf:k spots. Ang—cnzymgllc
“ﬂm ﬂiecnzymgﬁc processes such as ripening of fruits an veg.cta‘ es

40T even after harvest, Salt, sugar and vinegar and natural spices are

15 food preservatives. However, the main concerns of using food

_ 10ty related to chemical substances and artificial ingredients.
)
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Some people ar;: sénsit'we to particular food preservatives ang
TﬁctiOns like hives, diarrhoea, digestive disorders and respiratory pmbh:? .
asthma. Most of the food preservatives are safe. B

—— ——

8.1 Acidic, Basic and Amphoteric Substance

Acids and bases were first recognized by their characteristic properties. The
acid has been taken from Latin word “acidus”™, which means “sour’ A,
compounds whose water solutions taste sour, turn blue litmus red, and ety
bases to form salts. The bases are the compounds that taste ’
bitter, feel slippery, turn red litmus blue and react with acids
to form salts. Many theories have been proposed to define
an acid and a base. One of the earliest, most significant of
these theories was Arrhenius theory of acids and bases. In
1887, Svante Arrhenius (1859-1927), a Swedish chemist,
stated that acids are substances that produce hydrogen ions
(H ions) and anions when dissolved in water while bases SvantcAnb!f'
are substances that produce hydroxide ions (OH ions) and (1853501

cations when dissolved in water. For example, HCI is an Arrhenius acid b

produces hydrogenions and anions (Cl ions) when dissolved in water
Hs0 + -
HCly ——H, + C laa)

The aqueous solution of HCl is called hydrochloric acid.

Keep in Mind

The hydrogen ion is very reactive and cannot

: , Jotio®*
‘ _ exist freely in the aqueous
it combines with solvent water molecule top W -

, roduce hydronium ion.
S oo * H:00 ——H0u e i
The NaOH is an Arrhenius base because it produces h)’dm’ude
cations (Na'ions) when dissolved in water.
Hi0
NﬂOH(“ —_‘"-)Na(;q] -+ OH_

» N (’q) ]L i‘.
The neutralization of an acid by a base produces water and 58" &

ionic compound thatis composed of the cation from the base and t1€
acid.
HClg) * NaOH(nql ) NaCl(m + H,0p

aﬁ
g hed ™
An}?emus obse'rved that process of neutralization 0ceUrs W
from the acid and OH' ion from the hage reacts to produce water:

(280)
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Hlmli' Ol 'MU e “.L(')lh e TEOkS
1 h.c substances which have both the properties of acids and basesarccaued
amphoteric substances. An amphoteric substance acts as an acid when combined
with strong base an(_l as a base when combined with strong acid. For example, water
shows basic properties by reacting with HC|. |
H('_lf"q] i Hj()“p’ — Hi()( ;a-;;,l é Cl-‘uq)
Acid Base -
Here, H,0 accepts a proton from the HCl molecule in the forward reaction. It
also shows acidic properties by reacting with NH.,.
NH;oe + H,0), —— NH g + OH g,
Base Acid
ﬁ Here, H,0 donates a proton to NH, molecule in the forward reaction, The
amphoteric substances may be either molecules or ions. For example, bicarbonate
‘ion of baking soda is amphoteric. 3 T T
HCOJM) s OH(aLu — (T()‘h’*ql‘ﬁv H,0y / !Seep i "7'"9/
Acid B"" _ ‘ Soluble bases are known as
Here, the HCO; jon donates a proton to a halkalis. All the alkalis are

base and acts as an acid. bases but all the bases are
not alkalis. Most bases are

H CO,;(;“”"‘H 50: ,q}__(-——_') H ICO.’a(uq +H,0, (water insoluble. )
Base Acid 7
Here, the HCO; ionaccepts a proton from an acid and acts as a base.
The acidic and basic character of amphoteric substance depends on the other

Substance to which it reacts.

8.2 Bronsted-Lowry Definitions of Acids and Bases

8.2.1 Proton Donors and Acceptors
A',th""gh Arrhenius theory is widely used but it
fileq (o answer the question why compounds such
?sammoma form a basic solution when dissolved
g ater although it does not contain hydroxide ion.
Arrhenjys definition also does not explain EEEE
* acid-base reactions which occur in non- E
:%::‘ihsolvenm and those which occur in gasl; .
ﬁmtionere no sc?]vcnt is present. A more genera Bronsied  Thomas Lowry

of acids and bases was proposed (1879-1947) = (1874-1936)

(281)
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by a Danish chemist Johannes Bronsted and an English chemist Thomag La
1923. According to the Bronsted-Lowry theory, an acid is a substance that g
a proton (H' ion) to another substance, and a base is a substance thas accepys .
proton from another substance. In short. an acid is proton donor and a hage 15 Pl
acceptor and acid-base reactions are proton transfer reactions, Fy
example, HCI is a Bronsted-Lowry acid because its molecule donates g Dol
watermolecule when dissolved in water. : & 1
HClmﬂ + HZ(V)nh G ”3()!:1»'1‘; K l'dfl' '
On the other hand, water acts as Bronsted-Lowry base, because its molegs
accepts a proton from HCI molecule. Consider the reaction between 2aseous Hj
and ammonia,
HCl,) + NHy,) —— NH; + C'—— NH,Cl,
: In the above equation, the HC1 donates proton to NH, and acts as Bromslet
Lowry acid while NH, accepts proton from HCI and acts as the Bronsted-Loim
base. This is gas phase reaction and no solvent is required.

8.2.2 Conjugate Acid-Base Pairs
The dissociation of an acid can best be represented by the general reaction g

below: Conjugate acid-base pair
|
Acid B:rlsc_ Conjug?te acid  Conjugale base
Conjugate acid-bage pair

In the: forward reaction, the HA donates protons to water and ac ¥

Bronsted-Lowry acid and water accepts proton form FA and:sots 25 33

Lowry base. In the reverse reaction, the H,0"acts as an acid and A" acts 358"

acic! and a bfse'such as HA and A that differ only by a single proton #°" |
conjugate acid-base pair. Every acid has 4 conjugate base that is formed 0¥ "
pfomn.ﬁom the aCid‘ For example, OH" is a Conjugate base of H,0 an 1
conjugate bese 0 A Every base has a conjugate goiq ghat s formed Y 4%
proton to the base. Thus, H,0"is the conjugate acid of H,, and HA is the*
acid of A", We may also say that g Conjugate acid is forrzne;i by ionizatiof of 1

andaconjugatebase s formed by the 10nization of anacid
Consider the dissociation of HClin water- cid. 1

HCloy * 10— 10

A

%?%%

Acid Base oo (o) R Clt—w
; -O0jupgLe Conjugate
Atid Ba:;gc
(282)
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n this reaction HCT acts as an acid because it has don
acisasabase because it has accepted proton, For any given acid
qlways has onc more hydrogen atom and one unit fewer negativ |
hase. On the other hand, the base has one fewer hydrogen atom and one un

pegativecharge than the acid.

B TEAS

The tendency of an acid to give hydrogen ion is called strength of angc;d The
wendency of a base to accept hydrogen ion is called strength of a base. Strong acids
and bases are strong electrolytes which are assumed to jonize completely in water.
Weak acids and bases are weak electrolytes which jonize only to a limited extént in
water, Forexample, HCl1s a strong acid and CH,COOH is a weak acid because HCI
salmost 100% ionized and CH,COOH is about 1% ionized in water. The strength
ofacids and bases can be determined by passing electricity through their solutions.
The aqueous solutions of strong acids and strong bases are good conductors of
sectricity and the aqueous solutions of weak acids and bases are not the good
wnductors of electricity,

The strength of conjugate acids and bases are related to the parent acids and
ses as;

) Thestronger the acid, the weaker is its conjugate basc and vice versa.
) The weaker the base, the stronger is its conjugate acid and vice versa.
Consider the ionization of HCl in water:

§3 Relative Strengths of Acids and Bases A

HCl,y + H,0p — HiOgy 7 Cliag
Stronger Weaker - Stonger Weaker
acid hase acid base

HCl is a strong acid that completely donates its protons to water. The
hﬂem (the conjugate base of HCI) is an extremely weak base and has very
&mﬂ'cy to gain proton from water. Thus the strongest acids have the weakest

‘ mcs. ’ . .
Consider another example of the ionization of ammonia in water:

NH3(aq) -+ H.’O{” —) N['lﬂﬂq} + OH(M‘]
Weaker Wc‘;ikcr Stronger Stronger
base acid acid base

Am‘"Onia is a weak base and its conjugate base (NH 4 10n) is a strong acid.

’ (283)
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The NI [, 10n (the conjugate acid of NH,) is a strong acid and has Breater ten g
donate proton to OH ion. Thus the weakest bases ¢

have the strongest conjug

acids, 4 ;
= Table ¥.1: Relatve ‘ﬁli:.a;-‘llu of Acids and Bases
T Acd | Name | Base (! Name'®|
StI'ODgCSt Per .chloric. 3 Perchlorate Weak,
) : : ot
acids HCIO, acid AO-CIOJ fon. - Tl
HCI Hydrochlonc | o Chloride ion
__jacid el T s e S SR
- Sulphuric o ' Hydrogen
H:S()q aCid WL | 58_01 £S “'U’El_mjeioﬂ_
HNO; Nitricacid | NO; | Nitrateion
HLO Hydronn 0 Water
B e [0y 5 ' , | .
? L Hydrogen 2 Sulphate ion
HS0% suphate ion | SO“_“ :
: : ' Dihydrogen
( H:PO, Fhosphoric | | H.PCY - phosphate
acid | 15
= | a ion -
HNO: Nitrous acid | NO, Nim'ter ion
HF H).r Sofivre F Fluoride ion
joee acid | F
CH;COOH | Aceticacid | CH:COQ | Acetate ion
3 - —
H,CO; Carbonic HCO: Bicarbonate
Liooid it e
NH; ;‘::momum NH; Ammonia
HCN Senabialie g Cyanide ion
Tt Bicarbonate | Carbonate |
HCO ; O
15 2 1on G ion .
H:0 Water OH Hydroxide
Sk = SOR)S A
38 . . ‘um
NH, Ammonia NH 'Ammom
- Wil S
> . Hydroxide
Weakest | OH i H:0 water
acids i

8.4 J Expressing the Strength of Acids and Bases

The strength of an acid or a base is expressed in terms of hydrogen

ons conce

(2

84)

ntrations, pH and pOH scales, K K, pK..and pK, values.
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8.4.1 Tonic Product of Water (K,
Even highly purified water.is observed to conduct very small ele
shows the presence of very small concentration of jons. These ions are pi
the auto-ionization or self-ionization of water molecules.
k. sl ¥ 1Y) ¥
H:0p * H,0p &——= H,0,, + OH gy |
Acid Eaue Acid Base o
As water is a;nphoteljc. hence it acts both as a proton donor and proton
acceptor. The ionization reaction of water can also be written as:
2 ety 2 & T
H2Om "__ H(mi i O.H(uq,»
Here purc water ionizes into H and OH . According to law of mass action,
the equilibrium constant for the reaction is:

_[H][OH]
: [H,0]

Since water is in excess, and very few of'its molecules undergo ionization, so
its concentration remains constant. Therefore:

~ K.J[H0] = [H][OH] or

B K  =[H]OH] i ‘

'-, The equilibrium constant K, is called ionic product of water and its value at
I5°C is always 1.0 x 10”“mol “dm * obtained by multiplying together the molar
v " = < >

‘toncentrations of H ions and OH ions present in pure wateratroom temperature.

Tonic product of water (K., )= [H ][OH ]
= (10 'mol dmmi *)(10”"mol dm™)

= 1.0x10"*mol’dm®

. Table 8.2: Value of K at differen
K, is temperature dependent. Its value temperatures

®ases with increase in temperature and
- ~Ieases with decrease in temperature and has a fdme
“Stantvalue at constant temperature. o | 12x10
: The refative concentrations of H' and OH ROt 0% 10
S 'ndicates the acidic, neutral, or basic Characler [ gl o o
Nthe aqueous solution. There are three biﬂ : 55%-10’"

3 sﬁ”liti‘ifsfﬁrall aqueous solutions. O —

+

" Anaqueqis solution in which the concentration of H'ionis equal to OH jon i
et neyyry, solution. For neutral solution, the [H ]=[OH J=10"mol dm™.

| (285)
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b) An aqueous solution in which the concentration of H ionis greater thay oy,

I8 called acidic solution. For acidic solution, the [H ]>[OH J- Inthis Solutioy A
10 "mol dmi * and [OH ]< 10 'moldm . i
f!) An aqueous solution in which the concentration of H ion s less than thy
1on is called basic solution. For basic solution, the [H ] < [OH ], In this 50luf;
= ]O_va! dm ‘and [OH ]> 10 'moldm .

When acid is added to water then [H'] > [OH Jand when a base is added 1y
then[H | <[OH ].

3

on'.

. Calculate the
concentration of OH ions; classify the solution as acidic, basic or neutral.

Solution:

[H] =55x10'M
=
K, =[H]OH] 2
or [OH-] = Kw 1.0 x 10 - 187 < 107 M

HY] 55x107%
The solution is acidic because the [OH ] < 10 'M.
N——

Ty -

8.4.2 pH,pOH and pK

The molar concentrations of hydrogen ions and hydroxide o0 ¥ _
small in aqueous solutions. Their concentrations generally range from 1007
to 107 5ol dni. It is, therefore, more convenient to express these concent™
on a logarithm scale, known as the pH scale. .

The concept of pH scale was first introduced by the Danish ch““’ft"
garenson (1 868 - 1939) in the year 1909 as easy and convenient waY for X
hydrogen ion concentration (acidity and basicity),

The pH of solution is defined as: 4

The negative logarithm of hydrogen ion concentration in 80"
golution is called pH.

(286)
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p = log[H'] -
wexample, the pH of pure water is 7 an W
Fﬂ'ex‘?hipOH_ofsolution may be de ﬁn‘ig‘:sl:ofapplesm:i.l L "
~ The negative logarithm of hydroxide ion concentskins I
mw"' . R oo
pOH = -log[OH ]
 Forexample, the pOH of pure wateris 7 and that of applesis 10.9

The pH values range from 0 to 14. However, solutions of negative
havingpH> 14 arealso known, » solutions of negative pH and

5!;: - ForAcidic solution the pH value is less than 7(pH<7). '
~ ForNeutral solution the pH value is equal to 7(pH =7), —
~ ForBasicsolution the pH value s greater than 7(pH >7)ng“?§ ﬂ;?"f- is
o ThepK, is the negative logarithm of K, in the solution. gprH'seile.m
B 1K= —IOgK_‘,,‘, ;
The numerical value of K., is 1.0x10 “andits pK., value can be calculated as:
PK, = (log 1.0x 10 ' s
=A-14).
=14
' PK, value canalso be calculated as:
- PR =pH+pOH = 7+7=14

e 2002 8.3: The pH and Range of [H'] and [OF

J

|
|
|

el i -
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The pH values are the inverse of [H ]. Greater the value of pH, sy al
be the value of [H '] and weaker will be the ac i, Ty

Keep in Mind

i e The acids which have pH less than 4 areSirong aci@s (pH l< 4), 3
] e The acids which have pH equal to or greater than 4 but less than 6 are
(pH = 4<6). : '
i e The solutions which have pH eq
nearly neutral (pH 2 6<8). | e
| e The bases which have pH equal to or greater than 8 but less than 10 arey g
(pH = 8<10). o
o Thebases which have pH equal to or greater than 10 are strong bases{pH 21{ i)

ual to or greater than 6 but less than 8 areney i

Most of the fruits are acidic in nature. The sour taste is the ipdlf’ |
acidic character of fruits. When the difference of the pH values of W’: ot
then one acid is ten times stronger than other (or it has ten times moré rc it
conccntl'ﬂti()ﬂ)-‘ Forexample, a lemon with a pH of 2.0 is ten times mo ;,
an apple witha pH 0f3.0 and is hundred times more acidic than che™

W’m" pH corr d decreasein[B.):

(288)
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curdlingof Milk with Lemon Juice: R
~ Curdling means to change into curds. Curds are a dairy product obta
wrdlingofmilkby acidorrennet, used in making cheese oreatenasfood,
T Mik 1586‘?;12 made up of water, suspended fat, and protein. It contains a
wlﬁc protein ¢ casein. Cascin floats freely in groups (called ,m(

t the milk and does not usually bond to anything. These o ey
have negative charge. They repel each other, whic{ﬂ;togs.&anﬁmml ,er*
keeps the casein groupings (micelles) evenly dispersed in the milk. When lemo
that contains citric acid is added to milk, the pH of milk drops and it becor

acidic. The positive hydrogen atoms get attracted to the negative w"m ne;
them neutral. Now instead of pushing one another part, the micelles start
 much faster when lemon juice is added to hot milk. But it is better to add a.

, mmfwhmbo&l the liquids are cold and lemon juice is added slowly. The more lemon
| Juiceyouadd, the larger your curds will be and the faster they will form. =
/ ‘ — H

|
l Calculate the pH of the carrots juice which has the hydrogen ion concentration

{55x107°M.

SUIUTIC

l ThepH of carrots juice = ?

|H]=55x10°M
pr j‘l’»-l()g[’[—[‘]

Mofcarrotsjuice = ~(log5.5x10°)

| = —[(log5.5)+(-61og 10)]
| = ~[(0.740) + (-6 x 1)]

= _[0.740-6]

= _[-5.26]

|

'<

;.;!? _.b B —
Calculate he hydrogen ion conc
e of5.0.

l (283)
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What are the hydrogen and hydroxide ion ORI N>

I
& that hasa pH of 7.47

solution (3):
If we may be given the pH value of a solution and gy |

hydrogen lOl‘l concentration, then we need to take the angjj, 0fihe
[H'] = 10° oH
[H 1 =2
pH of banana = 3.0
Asweknow, [H] = 1™
By putting the value of pH we have, |
[H] =107
Solution (b):
H] =2
[OH] = ?
pH ofhuman blood = 7.4
Asweknow,[H] = 10™
By putting the value of pH in the above equation, weobtain
] =107
[H'] =398x10®
We also know that,
[H')[OH ] = lem‘“ or
(o] = L0x107

Then, [OH] = _L0X107"
- 3.98x10°%
[OH] = 0251x10" 10*
[OH] = 0251x10¢
[OH] = 251 X 1.0-'5

(280)
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g.4.3 Acid lonization Constang, K, and pK i
" X eJ J L ' v -

The equilibrium constant which shows the strength of an acid is called ionization

& spstantofan acid (K,). Let us consider the tonization of an acid, HA in water;

HASSS O ———=> H.0% + A=
According to law of mass action, the equilibrium constant for the reaction is

given as: e
- HOA
¢ [HA][H,0] (The bracket shows molar concentration)

In dilute solutions, the concentration of water is almost constant because it is
always i XCess:

| _ [HOA]

%, K. [H0] EH A]
_ [HO'][A™]

ey 3[HA]

The K, is called ionization constant of an acid. Greater the value of K, the
donger is the acid and the greater is the concentration of H ions at equilibrium
LW of its ionization.

Strength of'an acid =« K,
' Forweakacids, the K, value is lessthan 10~ (K,< 107
' Formoderately weak acids, the K, values range from 1to 10° (K=1t0107)
" Forstrongacids, the K, value is more than 1.(K,> 1)
The negative logarithm of K, is called pK,,
PK, = -logK,
- ThepK is the inverse of K,.

m K, o 25
K, ' .
Greater the value of K,, smaller will be the value of pK, and stronger will be

8610, Whep, the difference of pK, values of two acids is equal to one, then one
- SIen tieg stronger than the other. When difference 1s two, then one acid is 1 (0
. Wonger than the other. When difference is three, then one acid is 1000 times
hanthe ey

@

(231)
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Table 8.5: K, and pK, Values for Some Aci ds at Room Tunpcramu

Name J Ka
Hydroiodic acid 1.0 x 10" %
Perchloric acid [ A% 105050 ._]::-
Hydrobromic acid 1.0 % 10’ _9
Hydrochloric acid 1.0 % 10’ >
Sulphuric acid 1.0 % 10° =3
Nitric acid _ 25 5‘_4':
Hydronium ton 1.0 | 7k
Oxalic acid 5.6x 107 1%
| Suphorus acid | 1.7 %107 o
Chlorus acid 1.2 %107 1
| Hydrofluoric acid 6.8x 10" 37
Nitrous acid 4.5% 107" 13
Formic¢ acid 3.0% 107 1528
Acetic acid 1.8x10°" AN
Benzoic acid 6.3 10° AN
| Carbonic acid 43 %107 637
| Hydrogen sulphide 1.0 % 107 L
| Hypochlorus acid 6.8 % 107 pAIs
Boric acid Sox 10" it
Hydrocyanic acid 49 %107 o3
Phenol 13107 i
| Water 10x10" [ ‘

You can determine the pH value or H ion concentration of a weak acids
know the initial concentration of acid and its K, value. On the othef

concentration of its solution.

Solution:

Initial concentration of mono-protic acid = 0.05M
The K, value of mono-protic acid =25%10"°
The pH of mono-protic acid =9

determine the K, value of an acid solution, if you know the pH vale &

Calculate the pH of 0.05 M mono-protic acid whose K, value is 2%

(292) _ '
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— ion for the ionization of an acid js;

The H —
G —— H(:q) i Aaﬂ)
ialoone.(M): 0.05 0 0
_gquilib'i“m conc. (M):  (0.05-x) x x
or X)) © =
s X0
; 2.5 ;(10-5 = M = (xz)

T ——

(0.05-x)  (0.05-x)

The value of K, is small, hence, the ion
landthe value of x is considered as Zero.

! 2
L 256107 =px. O

ization of HA is assumed to be very

| 0.05

R5x10°Y0.05) = * B

f £ = (@25%10%0.05)

4 ¥ =0125x10"

B 7 =125x10¢

Yytaking under root,

= 1250107

= 1L12x10°M

'1:_’- = _log(l,]2 * 10-3)
= —(-2.95)

=295

Iy, m'ﬁvalue of mono-protic acid which has [HA] = 2.5 x 10"M,
gy, ' +2%10°M atroom temperature.

(293)
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[A] =42x10°M
K, value of mono-protic acid = ?
BN HO——— HO + A
= [H,0'][A"] 1
[HA] |
K, (42 % 107%)(4.2 % 10°%)
(2.5 %107 |
(0.042)(0.042) [
K, (0.25) |
S

Il

I

7.06x10°

Percentage lonization of Weak Acids

The strength of an acid can be measured by its %age ionization. We can d¢ el
%age ionization of an acid by the formula:

Concentration of ionized acid at cquﬂibﬂ;"&‘x

% age ionization =

Initial concentration of acid .

The greater the %age ionization of an acid, the stronger the acid 1%¢

versa. e A i

The %age ionization of weak acids depends upon the extent of (V%0

solution. The extent of dilution increases with decrease in the number of O
acid. TExtent of dilution = : '

No. of moles i

When the solutionis infinitely diluted, the weak acid gets 100% jor ".:f. ‘
The % ionization of 0.1M acetic acid solution is 1.3% and that of 0
acetic acid solution is 5.86%. ,

8.4.4 Levelling Effect

The strength of acids is notonly depending upon the ability ofa subst#™* s
a proton, it.also depends upon the ability of solvent to accept proton

strengths are determined by comparing their relative jonizations i "
| (284)
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F’;ﬁ‘ scid that eftistsi :?1 \\:a't‘u .',.-.‘ ({\tc; hydmnimt.l on (H,O’j ”‘x’ij;’
4 pan hydronium 't | lonize completely in water and produce H,0 and
i 10 be of equa b?l:hngll'l and have nearly same pK, values. Hence, it

21 gifficult to tell wl}lch acind I8 Stronger, that is, they are levelled out. This

is called leveling effect, Although strong acids have close pK, values
put they are not equally strong, To Compare the strengths of strong acids, a
ot hat is weaker proton ﬂcceptf)r.than Wwater such as liquid HF or CH,COOH
e used. Sq-ong acids show different pK_ values in a solvent that is weaker
ganwater. For example, the pK, values of HCIO,, H,S0, and HCl in the acetic
Jmedium are 5.3.6.8, and 8.8 respectively. The relative strengths of some strong
nacetic acid (known as glacial acetic acid) medium are:

HCIO,>HBr>H,SO, > HCl > HNO,

| Water has no leveling effect on the strength of weak acids such as HCOOH.,
4C00H, H,CO, and H, PO, ete. because they are not ionized 100% in water and
flerent pK, values.

Similarly, the strongest base that is present in water is OH ion. Any base that
wmger than OH hydrol}yzes in water to produce OH ions. For example, the

i(NHDand oxide (O ) ions are stronger bases than OH , and hydrolyze
Wclym Waterproducmg OH ions. Water has no leveling effect on the
Hhofthose bases which arc weaker than OH_ions.

B T'meﬁ.ﬁ‘fheStzongBm and Acids that Ionize Completely in the Solution

| Porchloric acid
| Chloric acid

it 3 _'.»;"Colisidérfthe ionization of a base in water:
T=—=—pPBH"+ OH"

(295)
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The equilibrium constant is given as:
K - [BH J[OH ]
“ = [BIHD] i
The water is in excess, so its concentration 1s constant;
]

Kc ¢ D{IO] . [ET]

[BH ][OH ]
. [B]
K, is called ionization or dissociation constant ofa base. Greater the iy

K. strongeris the base and vice versa.

K

Strengthofabase « K,
The negative logarithm of K, is called pK,.
pK, = -logK,

The greater the value of K, smaller will be the value of pK, and stronges L
be the base.

Table 8.7: K, and pK,, Values for Some Acids at Room Temperature

~ NaOH Sodium hydroxide Verylarge | Vens®
- KOH Potassium hydroxide Very large Very !
CH:3NH; Methylamine saxiw0® |
' Ammonia 18x10° | 1
NoHa Hydrazine L7x10° | SW
TNHOH | Hydroxlanine e
Cath Zyiding 14x100 |
~ CO(NHz Urea e T
13x10°

84.6 Rmhelml(‘mm |
Ehe stroag of AR acid can be megsured by its acid ionization const" )
strength of a base can be measured ‘
important relationship between the acid jonia: and e
constant of its conjugate base (Ke nization constant (K,)

: SEETEOn an be derj .
Consider the ionization ofa weak agiq HA in‘:::t :S follows:
: I

(296)
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llA 4= HJU 4 _) [ I ‘() ’ -+ ‘;\
The equilibrium constant for the reaction js given as:

PHOTAT] _ [H,0')[A7] |
K [HA][H,0] - K, HA] (1)

Consider the 1onization of a conjugate base in water-
X+ HHOFT——— HA + OH"
The equilibrium constant is given as:
_ HANOHT]. [HAJ[OH ]

¢ [A-][HBO] b [A]
By multiplying equation (i) and (ii), we get
K, K, = [H;O'][A] _ [HA]J[OH]
[HA] [A]
K,.K, = [H.O]JOH]
Asweknow, K =[H ]J[OH ]. hence,

.. (11)

e G R e R (111)
The equation (ii1) can be expressed as
Kﬂ = E“"\" or Kb ~ K“‘

K

iL
From the above expressions it is clear that the larger the value of K, the

Smaller the value of K, and vice versa.
If we take negative logarithm of both sides of the equation (iii), then pK
Yelugs of the conjugate acid and base pairs are related to each other as:

PK,+pK, =pK, = 14  (at25°C)
~ 'we know the pK, value of an acid we can calculate the pK, value of its
;m'ﬁlgate base as:
K =14 pg
. 1Pwe know the pK,, value of a base we can calculate the pK, value of its
CHBleacidage

PK, = 14~ pK,

_Table 8.8: Relationship of%, ll% 5.,,md ixi Values

=i

e g NS0y 50 g | 123 |
— ST | 1Lsx10M 10.8
NO; 22x101 | 107
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© Adds | K. | PK. || Conjugate bases |
CH;COOH 1.8%10% | 37 CH;CO0™ %o
 HyCOs cHxIO ]—(;.3ﬂ HCO; —
HON 49x101 | 93 || oN
CaHlsOH 1.3 % 10°10 1 99 || GO ﬁf’;
H,0 ox10" | 14 || oH 10x10?

8.5 Lewns Definitions of Aclds and Bases
The Bronsted and Lowry concept failed to explain those acids and bases whigh

not have hydrogen ions such as AICl,, and FeCl,. It also failed to explain those ik
base reactions which oceur in non-protonic solvents such as liquid SO., and ;"

BF,. In 1923, Gilbert N. Lewis, an American chemist focused on theroleof
pair and proposed an even more gencral concept of acids and bases. This con
not restricted to any particular element or solvent. According to this coneept,ﬂt
is a substance (atom, molecule or ion) that can accept an electron pair to for
coordinate covalent bond and a base is substance that can donate an electron f. "
and to form a coordinate covalent bond. In short, acids are electron pairac

and bases are electron pair donors, 'o
1) Allsimple catnons suchas H' L1 ,Ni Sn “and Sn  actas Levnsaclds b
cations such as H, Li' and Be  act as stronger Lewis acids becaus® of high

tendency to accept electrons.

% : a5 BALS
i) The electron deficient molecules which have incomplete octet such #555
AICL,, and BF, actas Lewis acids,

iii) All anions such as Cl . O OH | X (Halide ion) and NH; (amid® noiﬁ
Lewis bases because they have tendency to donate electron pairs.

iv) The molecules which have lone pair of electrons such as H’O and
Lewis bases.

According to Lewis concept, an acid-base reaction occurs when ab®

an electron pair to an acid with the fotmatlon of a coordinate covalen‘b
the two substances.

C' + a‘\lCl —— C =X .Y " =
Basc AGd Cl = AICI, or AICI

(238)
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GastricAcidity and use of Anti-acid Drugs T

ic juice (stomach acid) is essential for the digestion of foods and to kill
pacteria that is ingested. The gastric juice has 0.5% HCI that is ¥ ¢
stomach walls and pH value of the gastric juice is normally 1-3. When too much
eaten or when the stomach is irritated by very spicy foods, atty Foods,ﬁwd ’
geidic foods (tomatoces, oranges), acidic juices ( grape fruits, oranges), and alcoholic "
heverages, or when a person becomes emotional, can cause the stomach to pmdwcetoo
much HCI. Some of acid contents can flow back into the esophagus (the tube that
carnies food to your stomach) and cause “heart burn”. The condition is medicatly
kownas “pyrosis” or “acid indigestion” sl
The symptoms gf heart burn include a burning sensation in the chest (just above the
stomach) or behind your breast bone (sternum) and some patients experience sour taste
inthe mouth from gastric juice. Some patients may experience the burning sensation in
the throat. Heart burn gets worse when bending over or lying down.

Thehear t,b urnis redlfced: Vo " Bases (neutral iiing agents) |
» By taking an antacid (anti-acid) to neutralize used as antacids
~ the stomach acid. The antacid has one ormore | \l,HCO. (Baki
basic substances which are used to neutralize | a_H 3/ (Baking Seds)
theexcess butnot all of the stomachacid. | ANOH); and NaHCO,

P * By taking acid-inhibitors to reduce the |Mg(OHJ). (Milk of Magnesia)

"“i‘t : ;&\".. o il
" e
.

&

- seeretion of stomach acid. The acid-inhibitors | A)(OH); and Mg(OH),
| include famotidine, ranitidine and cimetidine.
¥ Bytaking proton pump inhibitors to block the production of acid. The protom pump
~_Inhibitors include omeprazole, rabeprazole and esomeprazole.
lhe hveart burn can be controlled by some lifestyle change such as:
' To avoid the spicy foods, fatty foods, alcohol, aspirin, ibuprofen, caffeine,
1* To avoid cating before bedtime, stop smoking, elevate the head of the bed and
'\ Temain cool in the crisis. 4
{36 Bufre |
ks r - ;

lution whiChsrg:::gg;‘y change in pH when a small amount of an acid ora base

Witis called buffer solution.
a solution comes in contact with air, it will absorb CO, and become more

asolution is stored ina glass bottle for long time, the silicates pf g!ass make
N S1C- In both cases the pH of solution changes. Buffer solution is used to
Hithe pH of solution and prevent these changes.

“m
I 'hufft? sm?“ of Buffer Solution
$olution usually contains:

(2899)
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i) A weak acid and its salt with strong base.
Forexample, CH,COOH and CH,COONa

1) A weak base and its salt with strong acid.
Forexample, NH,OH and NH,Cl

Action of Buffer
Consider the buffer solution of acetic acid and sodium acetate:
1)  When we add few drops of a strong base (NaOH) to the solution,the Oy o
of NaOH reacts with acetic acid to give its conjugate base.
SHCOOH + OH —— CH,CO0O™ + H,0 |
ii) When we add few drops of strong acid (HCI) to the solution, the Hion ofhf)
reacts with acetate ion of acetic acid to give back CH;COOH.

CH,C00™ + H' —— CH,COOH
Both OH and H' ions are consumed completely in the above reactions
Hence. pH of the solution remains constant.

Applications of Buffer Solutions

i) They are used on industrial scale in tanning of leather, electroplatingd{
manufacture of sugar where constant pH is essential.

ii) Normal human blood has a pH of about 7.4, It is maintained by ® 4
bicarbonates and phosphates. Ifit decreases up to 7 or goes up to 8, death may oce
jii) They areusedtostudy the growth of bacteria at constant pH.

iv) Forproperpr oduction of crops, the pH control of the soil is essential.

v) Theyare used in beverage industries, j
Buffer Capacity 1

The number of moles of an acid or a base required by one dm ofa b

solution for changing its pH by one unit is called buffer capacity of solution B
also be defined as: the capability of a buffer to resist the change of {15 tﬂﬂ |
puffer capacity. The buffer capacity depends upon the concentration (am?®
acids and salts presentin the buffer solution. .

Considera buffer solution having 1.78M CH,COONa and 1L.OM*5
The pH of this solution 18 5. A solution having 0.178M CH3COON3 an
CHgCOOH shall also have pH equal to 5. Since anion/acid ratio 15 samf;ra |

dilute solution has lower buffer capacity and would more easily be des
(300)
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sddition of acid or base. However, the solution with 1M CH,COOH and 1.78M
CH.COONa has larger buffer capacity and is able to show small pH changes when
grong acids or bases are added and is not easily destroyed by such additions.

8.7 SaltHydrolysis
The neutralization reaction of an acid and a base produces salts and water. The
reaction of cations or anions or both cations and anions of salt with water to form
acidic or basic or neutral solution is called hydrolysis. Salt hydrolysis usually
affects the pH of a solution. Forexample:

When sodium acetate (CH,COONa), a salt of weak acid and a strong base, 1s
dissolved in water, its anion (CH,COO ) reacts with water as:

CH;COOp, + H)0,, #=—— CH,COOH,.. + OH:

v ) {ng) tadq)

Similarly, NH%CL a salt of weak base and a strong acid when dissolved in
water, its cation (NH ;) reacts with water as:

NHyiqy + HiOp &——= NH,OH,, + H,,
There are four types of salts on the basis of reactivity with water.
() The salts of weak acids and strong bases react with water and give basic

solutions. For example, consider the ionization and hydrolysis reactions of
CH,COONa in water,
H >0

CH,COONa,,, 3 2 CH,COO0,, + Nag,

CH,COO,,, + H, 05 ——— CH_,COOH(W + OHg,

The sodium acetate solution will be basic due 1o the formation of OH ions.
The pH of this solution is more than 7 (pH > 7). The cations of strong bases such as
‘ﬂﬂh metal and alkaline earth metal ions except Be, have hardly any acidic
Q’ﬂﬂ?cr that is to say, these ions do not hydrolyze and has no effect on the pH of
“CS0lution, '

Nafm, + H,0,, &—— No reaction

- Theextentofhydrolysis is determined by the value of K, for acetate ion. The
Breaterthe valye of K, of a base, the more basic the solution it produces.

g :"’c salts of strong acids and weak bases react with water to give acidic
‘Forexample, consider the ionization of NH,Clin water.

N Hs0) &
H.:Cl(,, ———NH,,,, + Cl

ltl(l)

NH;(aq)* H,0 &— NHOHgg + Heg
(300)

Scanned with CamScanner



The ammonium ion solution is acidic because of the formay
hydrogen ions. The pH of this solution is less than 7 (pH < 7).The aniong of s
acids such as CI ions have hardly any basic character; thatis to say, these i"m‘dom, |
hydrolyze and has no effect on the pH of the solution.

€l +iH 0y ——=2N0 reaction

The extent of hydrolysis is determined by the value of K, for ammonjyy &
The greater the value of K, of the acid, the more acidic the solutionit produces,
(iii) The salts of strong acids and strong bases give neutral solutions, Becae.
these salts are not hydrolyzed in water. For example consider the ionization of Ny
in water. :

NaCl,, + H,0, ——— Na:&qJ + Clag

The sodium ion is a very weak Bronsted base and has no effect on the pH ofthe
solution. On the other hand. the chloride ion is a very weak Bronsted acidand naln!

has no effect on the pH of the solution. The pH of this solution is equal to 7 (pH=T). |
(iv) The salts of weak acids and weak bases may not give neutral solutions, b

whether the resulting solution is basic, acidic or neutral depends upon the 1€ afie
strength of the weak acid and weak base. '
To calculate the pH of such solution, you are required to compare the K,
of the cation with the K, value of the anion. There are three possibilities: h
(a) If the value of K, of the cation is greater than the value of K, of
anion (K> K,), the solution is acidic. This solution has pH value less than T (PH
(b) Ifthe valueof K, ofthe cation is less than the value of K, of the anion (K, <%
the solution is basic. This solution has pH value greater than 7 (pH> 7). E
(c) Ifthevalueof K, of the cation is close to the value of K, of the anion (K."f‘ 3
the solution is neutral ornearly neutral, This solution has pH value equal 00
equal to 7 (pH=7).
To determine whether CH,COONH, solution is acidic, basi¢, 0¥ ™
are required to compare the values of K, of the ammonium ions and K of the’ ,
ions. Consider the ionization and hydrolysis reactions of CH,CO ONH, 2"

CH,COONH, =22

— CH €00, + NHygg
(302)
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g

: ,0) — CH.C ~10
CH‘COOV‘“" |l" (< H "( QO 'Q;v.‘” ' (-)l I{M[J Kﬂ: 5.6 x lo :
3 ‘ - ¥ -
-+ “3()m o N”-‘( ”lu:.._u 1 “.,,l“ K,,-*-S.ﬁx 'O‘l“

NH;M
This solution is neutral because the value of K, ise
sthatthe number of hydrogen ions produced b
mbet of hydroxide ions produced by acetate jons.

lc 8.9 unf Saltsndtc Ilo

qual to the value of K. It
Y ammonium ions is equal to the

o CHi:COONa,
Na,CO;
Cation <7 NH,CL, NHNO;
. o NaCl, K1,
NOIIB KNOg, NagSO.
T T Depends upon the NH.F,
bom | omand | reiyive sirenghof | CH,COONH,,
the weak acid and NH.CN
| weak base. -

e "'"ﬂ‘““?,&v ‘3 .e

f__—:‘— . A-Q =

VhyEssential Elements like Iodine are added to Table Salt?
a trace mineral that is nalnmlly present in small amounts in marine
T products such as yoguxt, mﬂk, and chewe Itxs msennal for

- L
-~ Ol...— - y—

mmmyams pﬁ day ors5 gram (1 teaspoonful) of

igh iodine, your myrmd enlarges and works

sence, the person suffers from
e cases can leadtogoiter,

‘lﬂdmeinthedxetcan lead

e
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¢ the right quantity of iodine, therefore regular use of jodizeg
= the body. Daily consumption of iodized saly ¢
d animals from mental and physical di“ab“iliq

jodized salt provide
| cannot lead to excess iodine in
entire generations of both humans ai

;\causcdby lodine deficiency. o —

———
T ———

us paper red, react with active mg 4

} > Acids have sour taste, turn blue litm : 4
nd react with bases to form saliyg

lutions &

\

‘conduct electricity in aqueous sO

water.

% Bases have bitter faste, soapy touch, turn red litmus paper blue,
- electricity Inaqueous solutions and react with acids to form salts and
i 5 The sour taste of many foods such as vinegar. tomatoes, yogurt, ¢

oranges is because of the presence of acids in them. The bitter taste

~offee is because of the presence of bases in them. The bases arele
in foods. Both the acids and bases arc used on large scale in industries i
laboratories. 3
According to Arrhenius concept, an acid is a substance that gives B
| water and a base is substance that gives OH ions in water. g
5 The strength of Arrhenius acid or base depends on the extent of ionizeties
' acidorbase in water. N
According to Bronsted-Lowry concept, an acid is a proton donor s
while a base is proton acceptor substance. = 2R
Acco.rding to Lewis concept, acid is electron pair accepte ¢ substance’
base is electron pair donor substance. e
A strong acxc.i or be.nsc 18 ahnc_tst completely ionized in the solution ¥ i ,. 1

- acid or base is ionized to aslight extent inthe solution. =
| » Anacid increases the concentration of H jons Whendissﬁlvdi“

e |
N

18]
et
43

Y

‘!

e
L
;

YV

» The pH scale is used to measure acidi R
(o . 3 ldl . V‘ - {

basicity of solution. One-fold change iht),' gl dpE)H] 16 ten-
concentration of hydrogen ion, PLUIS S i

the K, is the equilibrium constant tha't‘:de‘s'cﬁbt’.'s''t"t.')'éi.j

L

strength is denoted by the value of K. and base strengtl

| of Kl’_. Greater the value of K., stronger is the ac; )
(304 '
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he ofx.,manenhcvalucofpﬁ..‘_{
s PH change when small amounts of
er solution. Buffer solutions contai

altofits conjugate base (such as CH,COOH and CHLCH

M and a salt of its conjugate acid (st h

Fouranswers are given for each question. Select the correct one:
i)  According to concept, acid is an electron pair

acceptor substance.,

(a) Arrhenius (b) Bronsted
- (e) Lowry (d) Lewis
~ii) Jonic product of water is represented by:
@ K, (DK,

©) pK, (d)pK,
) The value of ionic product of water at 25°C is:
- LOKI0 " moldm®  (b) 1.0x10"mol’dm™®
) 1510 moldm™®  (d) 1.5x10 Pmoldm™
™) Whenan acid s added to water, then
W] (oH) (b)[H']<[OH ]
)= [0 (d)[H']=[OH |
(305)

Scanned with CamScanner



v) ThepH of the agueous solution of 10°"M HClis:

(a) 1.0 (b) 1.5

(¢) 2.0 (d)2.5

vi) ThepH value of tears is 7.4, and pOH valucis

(a) 4.6 (b)6.6

(c) 7.0 (d)7.6

vii) Whichoneofthe following is NOT the Arrhenius acid:
(a) HCI (b) HNO,

(c) AlCL, (d) H,SO,

viii) When the difference of pK, values of two acids is equal to 2 thenpg

acid is stronger than the other.

(a) 10times (b) 100 times

(c) 1000times (d) 10000 times

ix) Whichoneofthe following statements is NOT correct for bases!
(a) Have bittertaste (b) turn blue litmus red

(¢) havehighpH values (d)reacts with acids to formsalts
x) Whichsaltin water has pH value less than 7:

(a) NaCl (b) NH,CI

(¢) CH;COONa (d) CH,COONH,

Fill in the blanks with suitable words given inthe brackets

i) A substance is termed as amphoteric when it ac p“d
proton acceptor/as proton donor/both as proton acceptof and

donor)

if) Pure wateris conductor of electricity. (poor’ good)
iii) ThebasicsolutionhaspH _ thanseven. (hr:ss/gfca
iv) ThesumofpHandpOHis  14.(equal to/less than)

v) The ionic product of water increases by
temperature. (decrease/increase)

vi) The stronger acids have value of pks
greater).

(308)
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vi) The value of pH is proportional to [H']. (directly/

inversely)

viil) Weak acids are _electrolytes, (weak/st rong)

ix) The electron deficient molecules act as Lewis

(acids/bases) :

x) Aqueous solution of Na,CO, s~ while that of NH/NO, is
, (acidic/basic)

i) ThepH of the normal human blood is 7.4.
ii) Theconjugatebascof HClis Cl ion.
i) Astrong base hasapH value of 14,

iv) The strength of an acid depends on the conjugate base: the stronger
the conjugate base, the weaker the acid.

103, Labelthe following statements as True or False:
:
B
L4
4
{
|

v} Orange is more acidic than apple,
vi) Theantacids are used to reduce the secretion of stomach acid.
vii) Milk of magnesia has sour taste.

viii) For the neutralization of the stomach acnd most of the people take
NaOH.

ix) The larger the value of K, the smaller the value of K, and vice versa.
%) Theacids which have pH less than 4 are strong acids.
4: What arc the properties of acids and bases? Give some examples of acid
~ ‘ontaining foods and base containing substances.
Define Arrhc;lius acids and bases and make it clear withexamples.
" What is amphoteric substance? Give examples of substances that have
amphoteric characteristics.
‘ D"ﬁﬂe Bronsted-Lowry acids and bases. Give a demonstration of each by
lcal equations.

bﬂl 154 conjugate acid-base pair? Give relationship between the strength
Ofan goig and its conjugate base.
(307)
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Q.9:  Write the conjugate base for ench of the following acids:

(a) HNO, (b)H,S0; (¢} HSO,
(d)H,CO, @©HF  (H HCO;

Q.10: Write the conjugate acids for each of the following bases:
(a)NH, (b) Br (c) CH,CH,NH,
(d)NO; ©NH;  (DHO

Q.11: What s the difference between Arrhenius and Bronsted-Lowry defipis
ofacids and bases? ¥
Q.12: Whatdo you know aboul Lewisacid-base concept? Explainit.
0.13: Whatis the difference hatween strong and weak acids?
Q.14; What do you know about the strongest acid and strongest base whichiy
exist in water? 3
Q.15: How doyoumeasure the strength of an acid or base? ”
Q.16; What is the 1onic produét constant of water? Why the ionic "1
water increases by increasing temperature? Write an expression fork;
what is its value at room temperature?
Q.17:Calculate the H jons and OH ions concentrations of each of the follo o
solutions:
(a) 0.IMHNO;solution (K, =25)
(b)  0.05MNaOHsolution. (K,=10")
Q.18: Calculate the concentration of H ions in ammonia solution used for 18
and glass cleaning whose hydroxide ion concentration is0.025M.
(.19: What do you mean by the pH and pOH? How are they related?
cquation relating pH and pOH withpK,. |
Q.20: What is pOH of the plum having hydrogen ion concentration 1 58x10
Is the solutionacidic or basic? : TSR
0.21: Whatisthe pH of 2.0x10™"M NaOH solution?

().22: Whatis H and OH eoncentrations of a »Sia!'!lple"faftomatoﬁ'th"
value of 4.507 s i ‘

().23: Calculate the pH of cach of the following solution an 4 clasi?
solution as acidic or basic; ; 32 _

@ [H] =10x10"M @) @] =32x10M
(308)
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o) ] =43x10°M )y 1 =6ax10°M
. @ [ =9sxi0'M

‘2‘ Caleulate the pOH of each of the follow ng solution and classify each
- solutionas acidic, basic or neutr al:

(® [OH] = 1.0x10'M (b) [OH] = 24x10°M
© [OH]=10x10'M  (d) [OH]=78x10"M
(e [OH] = 1.0x10"M

25: Caleulate the pH of each of the following solution and classify each
. solutionas acidic, basic or neutral-

(® pOH =0.00 (b) pOH = 1.62
() pOH =333 (d) pOH = 7.00
(¢} pOH = 13.92
.26: Calculate the POH of each of the following solution and classify each
‘solution asacidic, basic or neutral:
(@ pH =14.02 () pH =214
- (© pH =761 (d pH =700
- (®© pH =114
i7; What is meant by K, and K;,? What is their relation to the strength of acids
andhas@s'?
cuhtethc PH of 0.01M acetic acid whose K_valueis 1.7 107,
: '- wic acid has 2.45 x 10"°M hydrogen ion concentration and 2,45 x 10\

Mﬁe lon.concentration. The concentration of unionized formic acid 1s
& OQSM at equilibrium. Find out the value of K, for acid at room

’...\‘i perat e,
¢ ‘ Are buffer solutions? Why buffers resist changes in pH? What arc the
'.f{"' - ilion Ofbuﬁ'cr so!unon?

. -u_‘

al‘dc,ﬁplﬂinlc.’.velmg effect.
(309)
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Q.33: Answerthe following questions:

(a) Why water is considered asabase in the Bronsted-Lowpy
(b) Why the value of K, of a oonjugate base decrm W;
value of K, of a substance? g
(¢) Why a strong. acid has a weak conjugate base m .
relanvelyasu'ongconjugatebase" '
(d) The aqueous solution of NH,Cl is acidic and that
why? |
(e) AICLis said to be Lewis acid but not Bronsted-Le
() Why the sum opr and pOI-I of the aqueou
equalto 147

(8) Whythe HClhas ifferent pH values in wa
(h) Which has the larger value of the
acid? T
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