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CHAPTER-9

ACIDS- BASES CHEMISTRY

Q. Define acids. Bases and Salt and also write their reactions with water.

Acids

1. Acids produce H* ion when dissolved in 120

HCl =——— H* + Cr-
11. Acids are sour in taste.
11. They are classified into

a) Mineral acids (e.g HCI, H.SO,,FINO:)

b) Organic acids

N\
”*“F‘%}

..{

1v. Organic acids are weaker than mineral acids and are found in ve&,éfablc‘e,, fimits Etc
Organic Acids 1 Where it lﬁ”:fﬂungﬁy

(i) Lactic acid
(i)  Citric acid
(iii)  Formic acid
(iv)  Tartaric acid
(v)  Maleic acid

Sour milk

grape juice e\

citrus fruits (}‘ .
insect bites 4 *

Oy

applé ﬂlﬁpuﬂlb

O, %
BASE Q ’ N\
(i) Base produces OF™ ions when dissolved in ‘.}ﬂtvt‘ v
H-0O
NaOH =—— | ﬂ‘**O,H‘-, ‘*- ,)
1-} \-51
(i1) It has a bitter taste. (*3:{’ ;
A G

(iii) It has a slippery feel.

 § s

. A\ .
(iv)  When a base is dissolved inf Trators #an alkali is produced.

G, T

CaO +F I': O —-—-—};,CEI(@I'”Z

Ca(OH)z1s an a ah\.—md baae

(v) Alkalis are used in making 50'? and detergents.
Salt: Q‘t\

:'.-f neutralization of acids and bases are called salt
Acid + Bas-'»:;-i S*ﬂt + H-O

The substance Dbtﬂll}i? L n Fosult

L 'i."u

g b
i)}’PES Neut (ggsalq%y

P2

At aindd by neutralization of strong acid and strong base.
Wf + NaOH — Na C/ + H20

’L ?V (strong) (strong) (neutral )

i) % Adidic salt

Onions release a gas
which turns into sulphuric
acid when it reaches your
eyes, making them burn

It is obtained by the neutralization of a strong acid with a weak base.
2H C¢ + Ca(OH)2 — Ca Cr2 + H20

strong weak
acid base
iii)  Basic Salt

acidic
sall

It is obtained by the reaction of a strong base with a weak acid.

2NaOH +

H>CO3; —— Na>COs + -0
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strong weak haate
base acid salt
ACIDIC SUBSTANCE:

(1) A substance which gives acidic solution when dissolved in water is acidic

(i) ~ “Oxides of non-metals” e.g.; CO2, SO; and N2Os produce H2COs3, H250: and HNO;z when
dissolved in water.

(iii) COz2+ H20 —— H2COz3
501 + Hzo i HESO}.

N->Os5 + H:O —— 2HNO;» N

BASIC SUBSTANCE: (

(i) A substance which gives basic solution when dissolved in water is basic,

(i)  “Oxides of metals” like CaD and Na-O when dissolved in water pro gOl I and
Ca(OH):2 ®

(iii)  Na20 + H20 — 2NaOH P,
CaO + H20 — Ca(OH): r‘-'

AMPHOTERIC SUBSTANCE: "‘

_ OR_ a2 o K A " \/ J

e
L Elaburate te any two amphutenc compound by using chemiual”‘equatmns

Ans. A %

(1)

(ii)  NH3+ H:0— NHy* + OH-

(i) Some substances wher. dissolved in water produce suolg selutions which are of amphoteric
nature i.e. behave as acid as well as base. Such*bubstnncﬁm called amphoteric substance.

(ii) AlLO; s \

AlOsz + 6H Cr — 2A1 C13 + 3110 (E}h bﬂ‘ﬂ_‘

Al203 + 2NaOH —> 2NaAlO: + ] l_gE? j f “(as acid)
(iii) Cr20; b4

Cr203 + 6HNO3; — 2Cr(NOs)s + }i l-:O . (as base)

Cr203 + 6KOH— 2Kj3 CrOﬁ; '*H*O (as acid)

Ao Lan 9

Q. What i IS BrnEed-Luxvery mncept nf umds and Bases Explzun with suitable examples.

Ans. Bronsted-Lowery Amd. o

Bronstea Acid is ythmg that donates proton or

hydrogen 1on ( l_ﬁl\;‘?

Example: yeviinteresting Information it
HC/ + l-l'rOf ]J o+ CE The wild Iupine plant takes
In this #:ejlchﬂn; the HCr donate H+ te water and nitrdugendfrﬂm the Et‘mDEphEI’E
com®& Clso it is a R - } and produces ammonia. It was
biscc‘?‘i 5 n acid here while water would be that ammonia to fertilize the soil
be for itself and surrounding plants.
,aszBruns edJLuwerY Base: s

sted Base is anything that accepts proton or hydrogen ion (111).
Ex mple kit

1,504 + H>0 —— H1O++ HSO

In this reaction, water accepts H' and becomes H20+, so it acts as a base.

[n this‘reaction, water donates IH* which is accepted by NI to become NIHy*, so here NHx
acts as a base.
Note: Amphoteric Substance:

There are substances like H2O and CH3COOH which act as both acid and base. Such
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substances are called as amphoteric.

H:0
H2S04 + H2O — H20+ HSO,~ (as base)
NH; + HO —> NH*+OH- (as acid)
CH3;COOH:
CHaxCOOH+1-H20 — CHACOO +1H:.0! (as acid)
CH3 COOH + H C/{ — CIHOOHH,* + C/ (as base) _
Q.  Whatare conjugate acids and conjugate bases? Aoy,

Conjugate Acid and conjugale Base:

Consider the reaction between I'I Cf and 11,0 ¢ c%’
HCr+ 110 —  HAO! + Cr- A&Q

(acid) (base) (conjugate acid)  (conjugale base) A (3)
ton

A positively charged specie formed as a result of .u{uptnncu of pro y. a base is

-I‘

-,
A negatively charged specie formed as a result of donation of pn{u‘t WDy a Eln acid is called

(1)

conjugate acid (IH1O")
(i)

conjugate base (C(7).
Q.

What are conjugate acid-base pairs and how can they ldcﬁtdlud"

When an acid reacts with | base, a conjugate acid anch U”{IUFHU- base is formed.
LY
The pair of base and conjugate acid is called as Ll‘.‘ll'llllyﬂtg acid-base pair.
f]. 3 .
Weak acids have strong conjugate basec, v :'J
Strong acids have weak conjugate basce, oy *-.._,% %

Identification of conjugate acid-Base pairs. i b B

AL+ B - B+ YA

acid base conjugate basc®, cun]uba te acid
A1,B1 and A2 B2 are can]ugﬂte acid“ase prﬁrﬁ

Typical examples of conj uga'r? ﬂ/mcf\md base pairs.

1. HC(+H0=—— qu +::=.Cr-

2. HCl+NH;y —a Ci-NIH,

3 HNO;3 + H20O s NO3y! + H3O'!
4. NHs1+H Hs + H

5. HaOg HEO > H?IOW OH-

6.  HO+HEOy D= OH"' + HCOy"
7. Gig 120 e CIO + HO

All tl}egpa,;r*-ﬁ re conjugate acid-base pairs.

LEWIS DEFINITIONS OF ACID AND BASE:

—— = e ——— ——

Lewis Acid:

An acid is a substance which can accept a pair of electrons. So, Lewis acid has no unpaired
electrons on central atom.

Lewis Base:

A base is a substance, which can donate a pair of electrons. So, Lewis base has a pair of electrons
on central atom.

Example:

3
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H F H I
&1 &—
» H—N: —B—F

H—N: + B—F

H F H F
In this reaction, ammonia donates a pair of electrons to Bl's. So, NI is base and BF3 is acid.

The arrow — shows a coordinate covalent bond between Lewis acid and Lewis base.

Importance of Lewis Concept:
Lewis’s concepl of acid and base more general and casily explains those acids and basc

which are not explained by Bronsted base acid concept. A\{\,’D;V

A,

Str ength of Acids and Bases .'%
An acid which can donate proton Lo a higher degree than other ‘1CILVI,§* r:ﬂIIEcLEﬂ' felativel
strong acid e.g HCl is stronger acid than CIH:COOH

IONIZATION CONSTANT OF WATER: ("g.,ﬁa B 3
iy — ", e e P
Q. Write a detail note on Self-lonization of Water? -*’:%\ .
Q. Prove that F-:*"ff,;—; {vj»f
Kw = [H30*] [OH] f ;’%;
" Water is amplmterlr_‘ substance which can act a_‘;‘}lg‘nth aciddor base.
H,0 + H2O=——=H30*+ OH"- r"“
This reaction is called as auto uuumtmn Ut‘ W ntuf}
(i)  One molecule of H20 acts” ﬂb an nmd and donates ' ion. This molecule thes
becomes OH".
(i)  Other molecule of 2(% j&':c,eta tlgt [* and becomes a base. This, then converts te
H30.

(i)  HiO" is called as cun;dwtﬁ* aud Ol is called as conjugate base.
When there is an (trcﬁ_nhbx fim between Ha 20, FRO* and OH-, Ke is wrltten as:

(JE o]
10]3 L

©
Since water 1 nt, so its concentration remains constant
0] =[H,0" |[on-]
Whu b‘g»!x. H,0] = Kw

Kw=[Hn,0"][on" ]
AXT}PC the K“ for pure water 1s
,=|H ||OH" |=1x10"

“‘.’u’here Kw = ionic plmiuct constant of water
OR

HEO _— H++ DH-
This is the simple ionization of water at equilibrium,

e [H‘][OH']

‘" [H,0]
As water is solvent
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K, [H,0]=[H"][oH"]
K, =[H"][OH"]

Q.
(3)

Prove that Kw is temperature dependent.

(i) At 25°C, the Ky fﬂ?pure water is

K. =[1-1*][0H']= 1x10 "
[H*] = [OH]

[H*] = [OII | =1x10"7 cach
(ii) At 400°C, Ky fr pure water is \
K,=[H][OH |=38-10" 9

v‘rhere [I']+] - [O}_I_] = ].9 x ] U_? Uﬂfh

So, Ky is temperature dependent.
i K’y

pH is defined as negative log of concentration of IH*.

pH = I ]z—log[l'I'] ""‘ %.4*

log| H'
| | A
if pH =7, neutral solution “
if pH <7, acidic solution f E

if pH > 7, basic solution

Lesser is the pH, stronger is the acid. "‘c.s * 0
pOn i “.'-::; w _ ~bed
pOH is defined as negative log of cnncmtmtmn of OH" ions. 0333-5250%7¢
1 ﬂ-‘f Bged
OH = ~log[OHI{ ¥ &, .
d Iﬂg[OH'] d ] Ny
" Prove that PH* pOH = 14 v =

pH + pOH =14 %(}“
ionic product of water at 259G \

Ky =[H'][OH]=1x1091 %

applying lug:, "(%%
Ing II =log\] x 10" log (a.b)=1loga+logb

log [1:1 @j
multiplyi >
% (-log[OH]))=1410g 10

H']:-Ifi log 10  log x" =nlog x

% pH+pOH =14
Exgmplfﬁ"‘z

The concentration of [OH"] ion in a household ammonia solution is 0.005M. Calculate the

concentration of [H*] in it.
Solution:

(0117 - 0.005 M
K, = [H"][OH"]
1.0 x 107 = [H"] x 0.005
(H*) _ 1.0 x 107"
0.005

5
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=20 x 107°M
Example 9.3:
Calculate the pH of 0.001 M aqueous hydrochloric acid solution.
Solution:
Hydrochloric acid ionizes in water completely therefore,

HCl + H,0 — H,0" + CI’

0.001 M 0.001 M
(1,0} is in fact the same as (1]
Therefore [(H'] = 0.001 M
pH = -log (0.001)
= ~log 10- A
= 3.00
Example 9.4:
Calculate the pH of 0.062 M NaOH solution. jv
Solution: O
NaOH,,, — Na' =+ OHg, A\w
1 +:'-E
0.062M 0.062M  0.062M L PN
pOH = -log [OH-] , %% i
= —log [0.062] L “'3
= 1.21 B @
Now el
pH+pOH =14 A :5
pH =14 - pOH ’{:? 2
4'.-'{,41
=14-1.21 A B
=12.79 -

'l

Concept Assessment Exercise 9.2,
What is the pH of a solution containing 1.95g pure 250, per dm? of solution?
Mass of H2SO; =1.95g

Molecular Mass of H;SO; = 98gmole™
Mass of 250,

No of moles of Ha50s = o1e AT Mass of H2SO;
1.95
- 08
= 0.02 moles
H>SO; ionizes in water completely theretore,
W%

. Hz50; + 2H20 === 2H;0" + sO;

0.0 2x0.02
[2H30*] Contains  2[H"]
Therefore [H*] =2x0.2
= (.04m
So
pH =-log[H’]
= —log (0.04)
=14
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Titration
Method to find the volume of standard solution required to react completely with known
volume of another solution under anal ysis is called titration
Titration Process:
I.Prepare standard solution and titrant.
il.Fill burette with titrant and record initial volume.
iii.Measure sample volume and add indicator.

iv.Titrate slowly until endpoint is reached. P,
v.Record final volume and calculate concentration., | \

M;V:/n] =M2V:/1‘|3 f‘

: b ,
Variables: / Wy
V,= Volume of base taken in flask p. s )

V,= Volume of acid used from the burette "-s;.‘%

M;= Molarity of base 1 "
M,= Molarity of acid *s-%

nmi= No. of mole of base s e j
n>- No. of mole of acid P // :
Selection of Indicators in Acid-Base Titration A

To choose the right indicator for an acid-base titration, mlmdsbr lh pl I range of the reaction.
The indicator should change color within the pH range of the a‘q;n( énce point.

M

1- Strong Acid-Strong Base: pH al equivalence point is 7:so indicators like bromothymol blue

(pH 6.0-7.6) or phenolphthalein (pH 8.3-10.0) wwrl{u*q{l LY
2-WeakAcid-StrongBase:  pH  al uqui\'g_l;:ﬂc:g{h ﬁpuiml is basic (>7), so indicators like

phenolphthalein are suitable. A, % ¥\
3-Strong Acid-Weak Base: pH at uqmmlmuu“ptui1l |s*m.h.iu. (<7), so indicalors like methyl
orange (pH 3.1-4.4) is suilable. )

o \
Q. STRONG AND WEAK ACIDS N
According to Bronsted, acid is a substance that donates proton. The acid which has high

tendency of donating pro oton is a strong acid and vice versa.
[onization Constdnt of, Acid (K.)
Ka is the IUHIZﬂgnQD‘ﬁ'ﬁtﬂntklf acid. Suppose reaction with general acid "HX".

HX+H, H,O0" + X~

K at equ’lg%‘q}" \%}

K. HX]f H O]
% w‘ag::r';s solvent and has constant concentration so,

_Ho][x]
%ﬁ‘ml - [HX]

The product of two constants K¢ and [H20] is equal to ionization constant of acid, K.
07 (X7 ]

[FX]
Ka is a temperature dependent quantity.

“Higher is value of K,, greater is the strength of acid.”
if Ka > 1 strong acid

S50 K,
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if Ka =1 to 10~ moderate acid
if K, <1077 weak acid

pKa

pKa is defined as negative log of K.

PKa - 'lﬂg Ka
Smaller is the value of pKa, large will be K; and stronger would be the acid.

Example 9.5:
Calculate concentration of H* ions of a solution that contains .
1.0M HF (Ka = 7.2 x 10%) \

Solution: 2 ::
HF;.nq] T—J"_._ H +t.'--.]l ” F -{uql )
[nitial conc. 1.0M 0 0 A,
Eq. conc. 1.0—X% . g
(Mole dm-3) >
(H][F ] ,;}v
Ka - [HF] %ﬁ
=S

X X

7.2 X 104 - .0 -x ,:.‘;,,& {o?'*zh_'

Since X is very small as compared to 1.0, the term in the denominator can be approximated

b

as follows:

|.0=x - 1.0 o
x
7.2 * 10+ = 1
X = 0.268M
et = 0.268M
AY.Y
STRONG AND WEAK BASES. g 3
Acmrdmg to Bronsted, base is a proton acceptor. The base which has high tendency to

accept proton 1s stronger and vice versa.
[onization Cnnstangﬂf"Bﬁsa(I(b)

Ky, is defined as 1%1125 o1l cmnstant of base.
Suppose ﬂ,re&‘ch?)ﬁ’a ith general base B

B + H2Q BH*+ OH"
f"e]m}lbuum IS

N Q,,% - [BH"][OH]
[B][H,O]
water 1S a solvent, so its concentration is constant
BH"
 [1.0]= LI
[B]
her K. [H20] is product of two constants equal to ionization constant of base K.
| BH" ][OH" ]
8]

Greater is the value of Ky, stronger is the base.

|
"\

Ky =

(& CamScanner
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pKy

pKu is defined as negative log of K.
PKh — —Iﬂg Kh

Smaller is the value of pKu, larger will be the K} and stronger is the base.

Relationship of K and K.

Prove that K, a

HA * H'+A

[

e rrre Y (i
[HA] i) " f%w’
A"+H,0 = HA+OHW 4 '“"‘::-:__":‘:;.;}:J""g.}
[ Y R -

. - [HA][OH" ] s,

“[AJimo Q&Jr
K_[H O]_[x-m]:orrj 4\ sl

S ["‘ ] A C/ -

HA OH '““-t s
. ©
multiplyingland ii . r?*{') W
[H][A7] [HAJ[Qreg A, =
K,xK, = X e
[Hz"\] [A'J ﬁ':i.:::r__r ;
K xK, =[f|*][0H‘%j}i%"\ 4
K, xK, =K, 'Y '7,’;{%*-.. ........ (iii)
e K. F W/ v
N
Taking K. as constant. A;%/ “"5
o ‘Kv
I\ﬂ b
Prove thgtgm‘}@]{b_p](“ —

pKa +p
as m@d above in (ii1)
a X Kp = Kw
(/\ applving log
log Ky x log Ky, = log K.
log (Ki + Kb) = log K,
multiplying both sides by (1)
—log K, - log Ki = log Ky
or pKa+ pKy = pKy
Prove that pK, + pK, = 14
pKi + pKy = 14
as Ka % Kp = Ky
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Kw=1x10"4
applying log on both sides
log Ka X Ky =1og 10~
log Ka +log Ki =14 log 10
multiplying (1) with both sides
-log Ka - log Kb = (-14) (-1)
pKa + PKb .

BUFFER SOLUTION AND THEIR APPLICATIONS \
o,

Q.  Write a detail note on Buffer solution and its applications in daily life.

“Solution whose pH do not change by addition uf small amount of acid, brrsr or dn’utmu
keeping it for a long time, is called buffer solution.

Types:
There are two types of buffer solution: \\

(1) Acidic buffer solution:
It is the mixture of weak acid and its salt with strong base is cnllud nridlc buffer solutic

[ts pH is less than 7. -
CHACOOQOH + CI-HiCOONa F 4 *-_ 3 *LJ
H3POy4 + NaszPO, “
(i)  Basic Buffer Solution: (”7%

It is the mixture of weak base and its salt with atmnp acn.i is called basic buffer solution. |

28 % =
pH is greater than 7. \ y

NH,OH + NH, Ct . .,%

Al(OH)3 + Al C(3 t.ﬂ )
Buffer Action: ﬁﬁ‘i\

Buffer solution has a constant value of E[I The method by which a buffer can maintain il

pH is called buffer action. A ¥,
Acidic Buffer solution is ionized as,\

CH,COOH + H,0 <= CH,CO0" + H,0°

CH,COONa =3 CH,COO" + Na’
On adding acid R
When acid is added in buffer solution, 11" of acid combine with acetate ion (CHiCOO-
and form acetic acid which is already present in solution so there is no change in pl.

CHxCOO + H*— CH3xCOOH

On adding basey,”
When acidic buffer solution gets some base, the OIl~ of base combine with H* of buffer tc

form water which is neutral, so there is no change in pH
H+*+ OH— H:0

Basic Buffer solution is ionized as,

NH;OH === NFH.' + OH’

NHy; Cl =—= NH4*+ i g
On adding acid:
When acid is added in basic buffer solution, Fl+ of acid combine with OFI~ion and form
water which is neutral. So pH do not change.

H*+ OH-— H-0O
On adding base
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When base is added in buffer bnlutmn OII nf I:raau combine with NI'1;' to form NIL,Ol'l
which is already present in solution, so there is no pH change.
NH,* + OH~—— NI'1,01
“acts about buffer solution:

' When a weak acid and its conjugate base is added in water OR when a weak base and its
conjugate acid is added in water, a buffer solution is formed.

- Butfer solution always resists change in pll and hence its pH is constant.
' Whenever the acid or base is added in buffer, the I1* or OH" ions are produced which
react with negative and positive ions of buffer and hence pll is made constant. '\\?
. When a strong base or strong acid is used, the buffer solution is not formed. fr w» 4
Examples of buffer are: H" )7
CHACOOI + CHiCOONa y
HaPO4+Nai PO, ‘eQ_f (:}’h%
FFormic acid + sodium lormal
Applications of buffer: i
(i) Industrial Application: o h_ﬂj ¥
They are used in industries to prepare photographic mater m[ luathur and dyes
(ii)  UseinProcesses: 4 e
They are used in process of electro-plating and nnnh tical procedures like titration.

(iii) PH measurement: R WY

The bufler solutions are used as a standard [or calibration of pl 1 meters.
(iv)  Preparation of culture: N, o ¢

Buffer is added in culture of bacteria so that pl | of culture remains constant.

Natural Buffer Solutions: \% ;-f“ \w)

(1) human blood (7.35 - 7.43)

(i1) tears (7.40) N

(i)  milk (1.65-1.75) 7

(iv) egg white (8 0-8. 1),
Example 9.6: )y )

What is the pH of buffer if concentration of CHACOOH is 0.1 M dm-* and CH3:COONa is 1.0 M
dm-3pK; for CHaCOOH is 4.76? Solution:

Concentration of CHAaCOOH =0.1 M dm-
Concentration of CH3;COONa =1.0 M dm-?
The formula to determine pH value is
salt (i.e. CH,COONa)
acid (i.e. CH,COOH)

1.0
ﬁ\Q pH =476 + lmg[ 0 IJ
H =476 +log10 [1? = 1Y
-z/ P 5 L{l] I,]

pH =4.76 + 1.00 (log 10 = 1)
pH =5.76
Concept Assessment Exercise 9.4
Calculate the pH of a buffer solution in which 0.11 Molar CH3COONa and 0.09 Molar CHyxCOOH
solutions are present. K; for CH3COOHM is 1.8 * 1073,
(i) Concentration of CIH3COOH = 0.09m
(i)  Concentration of CHiaCOONa = 0.11M

pH = pK, + log

11
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Ka for CH3COOH* = 1.8 x 105

Since pKa = -log Ka
= -log 1.8x10°3
= —(-5) log 1.8x10
= 5[log 1.8 + log10]
= 4.745

[salt
pll = Pk, + log lac

acid| 4
10.1 N\
=44.745 + [UH [mli (.ij':'y

4705 4 Toa [ = '] A\Q
o % 9651 0.9
7 A Q0

=745 + 0.087 % :
ol =483 Ay N Y
SALT HYDROLYSIS _ N
Q What is salt hydrolysis? How salts are characterized as acidic or basic in nature?
1) Hydrolysis is the break down of water into IH' and OH" mnbv““"r
i1) Salt hydrolysis is defined as a reaction between cations and anions of salts with H* and
OH- of water. N

Generalized salt Hydrolysis: P R
Consider a salt MX dissolved in water. It produces M' and X" ions.

“MX —> M*+X™" ", Ny
The M~ reacts with Ol'l™ of water as follows: u.,\ Hf* "‘::-.;.,)

“M*+H20 — MOH + F I‘”"*n ,f "*-:.Ff
The X- reacts with H+ of water as follows: .

“X-+ H20 — HX + OH™" g

Four types of Salt Hydrolysis: . §.. =
(1) When the salts of weak acids or StI‘DI"lb bases hydrolyze, basic solution is produced. pH of

solution is greater that 7.4 %  ~

e.g. CH3COONa + 20 —— CHaCOOH + NaOH
So overall solution is basic.”\
(i1) When the salts of strong acids or weak bases hydrolyse in water, acidic solution is
produced with pH <7.
e.g. CuSO; + 2H0 — Cu(OH)2 + H2S0,
So overall, solution is acidic.
(iii)  When salt of strong acid and strong base are hydrolyzed, they give strong acids and bases.
A’\%Sn, the solution becomes neutral with pH =7
/" eg NaCl+HO0 — NaOH+HC/
So, the strong base and strong acid neutralize each other and pH of solution becomes 7.
(iv) Salts of weak acids and weak bases hydrolyze but the resulting solution can be neutral,
acidic or basic as follows:

i Ka=Kp neutral
Kn > Kb acidic
Ka < Kb basic
Salt Type Common [UE;:,:_:E}] Solution pH
Acid Baio Example Hy drﬂlysis (Nature)
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otrong Strong | NaCr,KBr | None [ =70 (Neutral)
Strong Weak NI_L;NS hy EE Cations < 7.0 (Acidic)
Weak Strong | NaCN, K2COx Anions > 7.0 (Basic)
. Mavy b l,
NFLCN, Anions & ii}’ e SN
Weak Weak g smaller or
NI NO> Cations
greater than 7.0

A
E,}”‘ Yy

SOLUBILITY PRODUCT AND PRECIPITATION REACTIONS, ™, \J”

“Product of molar concentration of apposite char grr fon in equilibrium wi 5‘[;d state i

called solubility product.” E -sf_:t_._ LN
OR . "-:. _.:{..' .
Product of equilibritin concentrations of ions each raised toa power @ (” fncfr is the coefficient
of ion in the balance chemical equation ( oy Yy j’"
t is denoted by Ksp (stability product constant). t\ /
Its value depends upon temperature. ) o
t can be written only for slightly soluble salts """i--:;, { ’:j""'-};y
CaE ===t i i "-_.}
(s) K . 4
[Ca?][F “J " f%?j Y
! A Al
- [Cak, £ Y %
" . - a2 %’-‘f & rm ‘F-I ES
K [CaR,]=[Ca”|[F | Ac_np_ﬁﬂ}jf’“ "
= . . ¢ \ 7 ,_ : J "” :'u
Ks.p": [CH+EJ[F ]2 ﬁ_‘/“"‘ﬁs:: "“'*2;-_;::" ' 0 zpws
For general reaction: A Vo W '

Amt Bn:_l mA*™ + nB-m \e%{r‘j \V}
[T [T,

. 4
o

Applications: g e .
When Ky of the t&ﬂtﬁh given, solubility of the reaction can be calculated and vice versa

PRECIPITATIQNSREACTION:

“Reaction i i hi ielr'troo or more than two solutions are mixed together. As a result, insoluble
subatnn@ pitated out. Such reactions are called precipitated reactions,”

l'.:‘l- J o ﬂ-l +2I

1)

ﬁun p ct (Q’) =[ Initial conc. of Ca2*] [ Initial conc. of |2
There arg three cases:

Case'T"If ion product (Q') = solubility product constant (Ksp), solution is sat urated but
precipitation will not occur.

Case IL: It Q">K,p, solution is super saturated and precipitation will occur until Q’ =
Case IIL: If Q' < Kyp, solution will be unsaturated and precipitation will not occur.

Q' is noted before equilibrium
Ksp is calculated at equilibrium

Example 9.7

"I-Il

13
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The solubility of Ag Bris 7.1 x 107M at 25°C. Calculate its Ksp. \
Solution
7.1 x 1077M of dissolved Ag Br produces equal moles of Ag* and Br ions.

AgBrlﬂ e AE () + Br l.:lqi

71 x10"M 71x10°M 71 x107M
Ksp=[Ag'][Br]
Ksp=(7.1 x 107) (7.1 x 107)
Kep=5.041 x 1013 2

—————————— R —_— e _— — s - il

COMMON ION EFFECT: N

“Decrease in solubility or ionization of an clectrolyte by the nri’rhffqn’"ﬁf jfm‘fn’r

clectrolyte having a common ion is called common ion « ffect.” f‘)"‘ﬂ:q"i"
Examples: ,,;:

(1) NaCl —— Na*+ Cl 2 N “"""H‘Y

(s) %

2 H* + C] £\

™ [ . -

s ‘ ir‘-ﬁr'".w ", ,.:.-;"
1 Cr is strong electrolyte than Na Cr, A 5..«-* y

When H Cf is passed through saturated solution of Nn (.f Na:(yi will precipitin out due to
common ion effect of C/~, (
4'.,-

2) HFe=— H* It AN

( ) () 4 {[m“ : ‘; "":’
MaF =2 Na™ F : _&’-a_* %
is) () t+ [“” (n:;'.__

e 5) /

NaF 1s strong electrolyte than HF, quﬁg"he 1*[&;}&5 es through saturated solution of HF, the
solubility of HF is suppressed due, m common ion effect of F~.

. "".5':.
Applications: *"x W
(1)  Na C/ is detained l}mn _n.unfw. -utm due to common ion effect.

T, ,-'a.ﬁ.

(2)  Buffer solution is pr ep@ud on the basis of common ion effect.
(3) Quantitative analyfis (s Itjanaly:ﬂa) i1s based on common ion effect.
Examples 9.8

Potassium per chlorate KC/O; is moderately soluble in water. When highly soluble KC/ is
added to the saturated solution of KC/O;y . It causes to increase the concentration of K*
ion.
KCIOy === K + CfOy,,
KCF(S) = K{Jruq + i ;i|l|'|

According to the Le Chatelier’s principle K* ions will react with CrO, ions to form KC/ ). This
will suppress, the ionization of KC/O,. Thus it will precipitate out. ii. When HC! gas is passed
through the saturated solution of NaCr (Brine), it causes to increases the concentration of Cr-t
on.

Examples 9.9
NPICI{E:} ;:_—__-—.7"‘_‘ d (i) '(__‘-' L |
NE’[CI{.\L]} = H 1+;||.|i+(ﬂtl) ("I "”

o ET—— T T W T
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EXERCISE :

= - o — e

Q.1
(i)

(i1)
(iii)

(iv)

(vi)

(vii)

(viii)

(xi)

(xii)

(xiii)

(xiv)

Encircle the correct answer in each case:
Water cannot act as:

(a) Lewis acid (b) Lewis base (¢) Bronsted acid  (d) Bronsted base
pH of 0.01 M H C/ solution is:

(a) 1072 (b) 10'2 (c) 2.0 (d) 1.0

An aqueous solution of ammonium chloride is: ' _* -
(a) Basic (b) Acidic (c) Ncutral (d) Amphotric
An aqueous solution of which compound is basic: L

(@)  Ammonium nitrale (b) Calcium chloride

(c) Ammonium acctate () Potassium carbonate

Which statement about acids is not correct? An acid: o

(@) Contains hydrogen ions in solution, (b) Always Contains oxygen.

(c) Hasa pH of less than 7. (d) Gives off carbon dioxide from a carbonate.

If a liquid has a pH of 7.
(@) Tt must be colourless.

(c) It must be a solution. (d) Ttmust be neutral.
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.

(b) It has boiling point of 100°C.

(a) Argon (b) Carbon dioxide  (c) Nitrogen (d) Oxygen
Which of the following oxides is classified incorrectly:

(@) Zinc oxide (ZnO) amphoteric ) (b) Carbon dioxide (CO:z) acidic
(c) Carbon monoxide neutral (d) Lead oxide (PbQO) basic

If 25cm3 of 1 mol.dm? nitric acid is added to 50cm? of 0.5 mol.dm™3 potassium hydroxide
solution, what would be the pH of the resulting solution.

(@) 5 (b) 7 (c) 9 (d) 14
If dry citric acid crystals are placed on dry litmus paper they will
(a) turn yellow __(b) turngreen (c) turn red (d) remains unchanged

A base is a substance which will neutralise an add. Which of these substances is not a

base?

(a) Aqueous ammonia (b) Copper oxide
(c) Potassium chloride (d) Sodium carbonate

A strong acid:

{5) I-'-s‘always partially ionized when in solution,

(b) Isalways fully ionized when in solution.

(c) Always decomposes carbonales.

(d) Always contains oxygen.

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

(a) MgO (b) Na2O () SO (d) SiO;

When crystals of copper sulphate are heated, the colour changes from blue to white.
This is caused by:
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— L DA T TR P T ST AN R |
(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.
ANSWERS\
1. @2 (©[3 ®|4 ]5 @®[|6 W]7 @®]8 () (b)
10. (d) {11. (c) [12. (b)|13. (c) |14. (a)

Q.2

o T A BN s g T o e S
SHORT QUESTIONS/ANSWERS

Short Questions

(i) Conjugate acid - base pairs:
See in Notes

(ii)

Define Lewis acid and base:

See 1n notes also iii, iv, v, vi See in notes Py ' %%,’3, ‘%5”
(vii) Relationship of K, and Ky: 5"‘13%?
HA == H* + A- (" et
[][A] P, g
I R P
A™+H,0 === HA +OH" ¢ b
‘HAIoH- We oo 4
Be= "A*]'_H o] { '&“&""ﬁ
- '[ : ] Eo ?\ 'V\.jj
HA]l OH .
K.[H,0]= | ][ ] SR

H X

3
s m] [OH- ]'{}@
multiplying I andg:u \

. [ ][f\c} Af[m [OH ]

L= {117] ﬂ.,{ m

K, xK, = [@1"]
K,xK,

(viii) Buffer Solution:

“Solution whose pH do not change by addition of small amount of acid, base, or dilution

or keeping it for a long time, is called buffer solution. ”

Examples:

CH3;COOH + CH3COONa
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ry ol | c— e - — — g - ——
- - o — - - - -

s HaPOs+NazPOy
Q.3 Secin Notes
Q.4  Seein Notes
Q.5 See in Notes
Q.6 Hydrolysis
“Hydrolysis is break down of water into [* and OH"." OR
The reaction of cations and anions of salts with water is called hydrolysis.

A
Explanation: “%m
[ydrolysis is different from hydration. In hydrolysis Il = OI'l bond is broken u{]@iyin
hydration water molecule adds up to a substance-without bond breakage.
Generalized salt Hydrolysis:

Consider a salt MX dissolved in water. It produces M* and X ions. “ay
-H'MX __-} M++x-ﬂ‘ ft.-:.}t} !zl:}:/

7y,
The M- reacts with Ol-1- of waler as follows: { %,

-ﬁ_
.y 1*4-
“M*+H,0 —> MOH + H*" {7 ™

i-""

The X- reacts with H+ of water as follows: ,g,‘_;‘\

“X- + H20 —> HX + OH"" .
() K2COs %, &)Y
K.COs + H20 —> KOH + HaCO:i %o 3
(b) NH4C/{ """"::;::%ng‘,.— -:.;
NH;C¢+ HO— NHOH+HCl % *j g
(c) NaNO; ,{: ':7: “‘""*4:;:_5‘}_“""""
NaNOs + H;O —» NaOH + HNO; %, ﬂ_ "

% .JEJ\ ’
Q.7 | HCOOH] = 11\4»@}{‘-‘%
[HCOONa] =1M “*%::%‘ \
pH=? i T

e\,

Kﬂ=1,8 x] U_"L 2 \‘i -....:.::\
K.= -log 1.8 x10-

p B8 o5

o

[HCOONa]
pH= pKa + log " rjcoom]
S o B g :
pH=3.74+ log [ 1 J

pH =3.74

Q.8 When solid PbC/z is added to pure water at 25°C, the salt dissolves until the
concentration of Pb+*2 reaches 1.6 x 10-2M. After this concentration is reached, excess

solid remains un-dissolved. What is K¢, for this salt.

Pb C/2 ionizes in water as

Pb CFE(;;] = Pb*z{nq] + 2 Cf'aq
1.6x10-2M 2% 1.6x10-
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Ksp = [Pb*2] [Ce]2
= (1.6x10-2) (1.6x10-2)2
Ksp =1.6384x10-5
Q.9 (a)Given data:
pH =10.6, H* ion =?
pH = - log[H*]
Taking antilog on both sides
H* = anti log - pH a

H* = anti log -10.6 F\
He =25 x 107" moles/dm? f &
(b)  Given Data: N@
4’:-,
N
%

OH™=1.0x10" moles/dm?’, pOH =?
Solution: g

9

pOH = -log OH"'.

A,
Q"
pOH = -log (1.0x109) Q}
PDH = 9OM A
Q.10 Hydrolysis: 4, o >
Hydrolysis defined as “break down of water {I 20) mmluc*ulu into H*' and OH™ ions.”
- + 'l 2"-;
) K s !
K*++HO0 = KOH+H" °
; ( %Y
(ii) NH 4 Jﬁmf-z::: Jﬁt ‘{;:-::zj
NH; +H,0 >» NH,OH + H’
(iii) CN~ A “""'{;-:H,.»
_(CT\' + H.,O—— NCN+OH"
Q.11 See in Notes > ~\
Q.12 See in Notes
Q.13 See in Notes fﬁ%
Q.14 See in Notes Mr Q‘% “1
Q.15 See in Notes i
Q.5 Seein NUEES‘Q\
Q.5 Seecin Njol'és %,
fd\ \% ook ok ok ok ok

19
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