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Faraday in 1824 classified all substances into two
categories viz electrolytes and non-electrolytes.

..l,7 ffioll4o E tufrtrd B a wryoud vlw
aqtwts dubr w ird udt* @. Oa ilu
ollw lwd, a unpndwlwrys slttion o n*&
dM ttul @&d elffibity ucaihdanon*lecfiolyte.

For example, aqueous solutions ofsugar, urea
icity. Hence they are
olutions of inorganic
uct electricity. Hence.

Arrhenius in 1880 e:plained that the conductance
by an electrollte is due to the presence ofiors producrd
by the dissociation ofthe substance. Hower,er, different
electrolytes dissociate to differeot e*enLs.

Tlntmction oltlw tntal nurnber olmoblavhith
dLts&ialx into ions is ullztl tht degres of dls-
socittioa and is usuall! reprwilcn b a.
. No. of mohs dlssodeted

Total no, of moles takeu

gree of dissociation,
eleckolytes into two
ctlolytes, and ,weaL ..

,4 strong electrolyte is defined as a sub*ancd,
which d(\sociutx qlrnast completeb into ions in:
a4ueous solution and hence is a very good conduc-
tor o! elrctriciE. e.g. NaOH, KOII, HCU.
H2SO., NICL KNO3 etc,

,4 wcak electrollte ir delined us a sub$anre which
diJlsoci.qtes tn a smauurenlin aqueo$ sohttion atd
hcncc conduas elqTricily abo to a sttwll exletu. e.g:.
NHpH, CH3COOH etc.

As strong clectroly,tes are completely ionised
in the aqueous solution, therefore, thcir ionisation
is representcd hy putting a singlc arrow pointing
torvards right e.g

HCI - H2O 
-- 

HlO* + (.|-

NaOH + a4 

- 
Na+ (aq)+ OH- (aq) etc.

In casc o[weak electrolytes, as they are partly
ionized, an equilibrium is'set up birwedn thl
ions and the unionized electrolyte. Hence their
ionization is represented by putting double arrows
( <+ ) in betweeo e.g.

CH3COOH + H2O ==: CH3 COO- + H3O+

NH4OH + aq 

- 
NH4+ @q, + OH- (oq) etc.

In general, the ionisation of a weak
elcctrollte, AB, is represented as follows:

AB (s) + ,q i- A+ (oq) + B- (aq)
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Equilibria involving ions, various concepts o, acids and basee-Arrehenius, Btonsted-Lowry and
Lewis, dissociation of acids and bases, acid-base equilibria, ionization ol water, pH icale,
hydrolysis of salts, PH cElculation of salt solutlons, acid-base tilralion using indicator, solubility
equilibria-solubiity ot sparingly soluble salts, solubility equilibrium and solubility produci,
comrnon ion effect, elernenlary idea of bufler solulions.

8.1. Strong and Weak Electrolytes
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Such an equilibrium is called ionic equl-
librium between the ions aad the undissociated
clcctrolyte.

Applying the law of chemical equilibrium to
thc above equilibrium we get

lA+l lB- | = K. ea ert inni(ation constant.
lABl - \ir ualLu '|uu'Jo

Dilference b€tween'dlssoclation' and
'ionization'. WheD an ionic compound is dissolved
in water, the ions which are already present in the
solid compound separate out. The process is called
dissociation. On the other hand, when a neutral
molecule like HCI (i.e. a polar covalent compound)
which does not contain ions but when dissolved in
water splits to produce ions in the solution, the
process is called lonizatlon. However, generally the
two terms are used without any difference.

8.2. lonisation of Weak Eleclrolytes-
Ostwald's Dilution Law

Whon acetic acid (a weak electrollte) is dis-
solvecl in waler, it dissociates partly into H+ or
HrO+ and CHTCOC)- ions and the followingequi-

librium is obtained :

cH3c(x)H + I{2o <----\ cH3coo- + H3o+

Apptying law of chcmical cquilibrium,

K= ICH3COO-l x [HrO+l

lCH3CooHl x lHrol
In dilute solution, [HrOl is constant. Thc

product o[ K and constant [HrO] is denoted as K,,

tlte ionization constant or dissocidtiott constant of
tha acid. Thls

ICH1 COO-I x lHsO+l
K" = IctrpooHl "'ir)

ll 'C'represents the initial concentration o[
thc acid in moles L-1 anda, the degree ofdissociu-
tion, then equilibrium concentration of the ions
(CH3COO- anil HrO+) is equal to C(I and that o[

tho undissociated acetic acid = C (l - a) i.c. we

havc

cH3cooH + H2o + cH3c(x)-+H3o+
Initial C 0 0
conc.
Concs. C(l - a) Cd Ca
at eqnl.

Substituting the valucs of the equilibrium
concentrations in cqua(ion (i), we get
,- C<, . C4 C2 a2 (-' a2

= :- ... (.r.,C(l-a) C(l-a) l-a
In casc of weak electroll'tes, the value of a is

very small and can bc leglected in comparison to 1

i.e. I - a = l. Hence, we get

Ko = Ca2 0r " =\/ ? ...(iii\
The degree ofdissociation, a can therefore bc

calculated at a given concentration, C if K, is

known. Further, if V is the volume of the solution
in litres conlaining I mole of the electrolyte,
C: l/V. Hence wc haue a = IIRJ ...(jv)

Similarly, for a weak base likc NH.OH, we
have a=/K;7e=/KaY -.(v)

Thc ahovc equationss lcad to the lbllowing
rcstrlt:

For u wuk elcclrolyle, lhe dcgree qf ionitulion i\
inversvl! proportional to lhe square rool of molor
concent ation or directl! ptoporlionul ao lhe square
root of volume conluining one mole o! lhc solatc.

This is called Oshvald's dilution law.

REMEMBER

(i) The approximation 1 - q : lcanbeapplied

only ifa < 5oZ. lf on solving a problem by apply'
ing the approximate formula, a comes out to be
> 5'%, lhe problem may be solved again by
upplying exact formula irnd a may be calculatcd
by appllng solution of a quadratic equation i c

-u *,/F -tri
(ii) Ostwald's dilution law is applicable only to
weak electrolytes because for strong electrol}{es,
.! = li.e- Ka + @.

2a

p,R.o.,. b, EF_ M.8., 9i .11 .,, 
1', 1,,), 1]1i.,u :l 

*]:u,1 
lr 1l:: : 1 1 "*111,,

Calculate the degree of dissociu' Solution. Formic acid is weak electrolyte and

![on aru) concentrqliot of Hro+ ions 
-in 

0.01 M ionizesinwater to give Hro+ ions accordingto the

sohLtion oJ'fomtic acid. Ka = 2.1 x 10-a tt 29E K. equation
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HCOOH + H2O + H3C+ + HCOO-

Let c be the degree of ionization. Then thc
(1)nccntrution trI the vari0us species present al
cquilibrium would be as under:

HCOOH +H2O 

---------\ 

H3O+ + HCOO-

Thus K, : 0.01@ x 0.01a
0.0r

=001 xa2=2.7xlOa
[K, = 2'r x 1o-4, givenl

. 2.1x l0-1or dz=-;;=2lxr0-2
.. Degree ofionisation, a

= '6.1x 10-z : 0.14

Concentration of H,O+ ions

=C@=014x001
= 1.4 x 10-3mol L-l

lnitial conc. 0.01

Conc. 0.01(r -a)
at eqm. = 0.01

00
0.01a 0.01a

[ .' c is very small and can be neglected
in comparison to 1l

l. Cnlqulale the degree of ionization and [fl3o+lof
0.01 M CH3COOH solutioD. The equllibnunl c.on-

stant ofacetic acid is 1.8 x lo-J

I,\ns 4.24 x rc-2,4.24 x l0-amolL-ll
2. A 0.01 M soiutioD of ac€tic acid is 1.3470 ioDised

(degree ofdissociation = 0.0134) at 298 K What

is the ionizntion coDstant ofacetic acid ?

I.\n\ l.E0 x 10-61

3. What will be the perc€nrage of dissociatioD in
1.0 M CH3 COOH at equilibrium having di$socia-

tioD coDstaDt of 1.8 x 10-5 I
[,llls.0.424]

2' cHrcooH <- cH3coo- + H+

InitialcoDc. Cmoll-l 0 0

At.eqm. C(l -a) Ca Ca

., Ca.Ca CaZA"= el'i=Zl = T:7

="\i<3'8i*"-r 8xro-6
3. ds in Problem 2,

n 2 t -- 2

4=i+ ie. l 8x to-5 ='i' T - "'
o, ,,=y'ill-ioT=,1 24x 1o-3

7(, dissoqation = (4 24 x ro-3) x 100 = 0 424

,, , t. Except HgCl2 aud CdBr2, all salts are strong electrolytes.

l , 2. If the concentration of common ions in the solutions of two electrolytes (e.g: OH- ion concentratioD in
Ca (OH)2 and Ba (OH)2 solulions) is same, lhen on mixing them there is no changc in thc dcgree of
dissociatioo of either of the electrolytes. Such sdutioos are called isohydric solutions.
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Throughout the history of chemistry, various
acid-base concepts have been proposed and used.
In this section, we shall bricfly discuss the different
concepts put forth ftom time to time. Each of these
can be appliod with advantage in appropriate cir-
cumstances. In a given situation, the chemist uses

the concept that suits his purpose best.

(1) Classlcal Concept of Aclds and Bases.
The earliest classification of substances into acids
and bases was based upon the characterlstic
properties possessed by each one of them. For
example,

Acid was defrned as a substanc€ whose
aqueous solution possessed the following charac-
teristic properties :

(i) conducts electricity,
(r'i) reacts with active metals like zinc, mag-

nesium etc. to give hydrogen,
(iri) turns blue litmus red.
(iv) has a sour taste.

(v) whose acidic properties disappear on
reaction with a base.

Base was defined as a substance whose
aqueous solution possessed the following charac-
terlstic properties :

(i) conducts electricity,
(ii) turns red litmus blue,

(rr") has a bitter taste,

(ir,) has a soapy (slippery) touch

(v) whose basic properties are destroyed on
reaction with an acid.

The above definitions of acids and bases are
called opemtional defnitions os they are based upon '
ce,Tain operutions (i.e. tests) to be performed on the
substanc€s. However, these have been replaccd by
conceptual definitions (put forvard by Arrhenius,
Bronsted-Lowry and Lewis) which go into the
causes of the observed behaviour, based upon
structure and composition of the substances.

(2) Arrhenlus Concept ofAclils and Bases. To

cxirlah thc obscrvcd propcrties ofelectrolytes, Ar-
rhcnius in 1884 put forward a theory popularly
knsrm as Anhenius theory o[ ionization'. The main
idea contained in this thcory was that when an

electrolyte is dissolved ia water, it dissociates into
positively and negatively charged ions'

Based upon this theory, Arrhenius gave the
definitions of acids and bases as follows :

Such acids are called strong acids.

Substances like acetic acid (CHTCOOH), car-

bonic acid (H2CO3), phosphoric acid (HrPOn),

etc., when dissolved in water dissociate into ions to
a small extent. Thus an equilibrium is set up be-
tween the ions and the undissociated molecules as
follows :

Water

cH3cooH + cH3coo- + H+
Wate!

HzCO3 <- 2H+ + COl'
Water

H3Po4 <.... 3H+ + Po?-
Such acids are called weak acids.
In general, we can write

W6tcr
NaOH Na+ + oH-

Watcr
KOH K+ + OH-

These are called strong bases.

Substances like NH4OH, Ca(OH)r,

Mg (OH), , el(OH), etc. dissociate to a small ex-

tent as follows :

HCI
Walcr

HN03

Water
H2S04

H+ + Cl-

H+ + Not

2H+ + sol-

H++A-

Examples. Substances like HCl, HNO, and

HrSOo, containing hydrogen, when dissolved irr

water dissociate completety into H+ ions and the
negative ions as follows :

An acid l.r
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Waler
NHIOH <- NH4+ + OH-

Water
Ca (OH), + Caz+ + 2OH-

Watcr
Al (oH)3 e--r AI3+ + 3OH-

These are called weak bases.

Exlstence of H+ lon and OH- ion in aqueous
solution. H+ ion is simply a proton which is very
small in size (radius: 10-13 cm). lt has a strong

more of QO molecules (a procass called hydra-

tion) to form species like H5oz+ , H7O3+ and

HrO.+. Hence we simply represent it as

HrO+ (ag). Similarly, OH- ions in aqueous solu-

tion can combine with one or more HzO molecules

to form species like HrOf , H5O3- , H?Oa- etc.

Hence we generally represent it as OH - (c4). Thus
the dissociation of an acid in water m:.y be repre-
sented as

HCI + Water ...--. H+ (aq) + Ct- (a{)
CHlCOOH+Ubter + H+(4q)+cH3COO-(aq)

or HCI + H2O 

- 
H:O+ (aq) + Cl-

CH3COOH+H2O +H3O+ (aq) +CH3COO- (4q)

Similarly, the dissoc"ation of a base may be
represented as

NaOH*Water ------- Na+ (aq)+OH- (aq)
MI{OH+Water + I.rHi @Q+OH- (aq)

NaOH
HCI

or Na+ + oH-

or H+ + OH-

Na+ + OH-
Hf + Cl-

+ H+ + Cl-+
Na+ + cl- + Hzo

HrO

As a result of this process, the characteristic
properties of acids and bases are destroyed.

Utlllty and Llmltatlons of Arrh€nius Con-
cept The Arrheaius concept ofacids and bases was
able to explain a number of phenomena like
neutralization, salt hydrolysis, strength ofacids and
bases etc. However, itwas found to have the follow-
ing limitations :

(i) Nature oI H+ ions and OH- ions : Accord-
ing to Arrhenius concept, acids and bases were
defined as substances which gave H+ ions and
OH- ions respectively in aqueous solution. But as
discussed above, these ions cannot exist as such in
the aqueous solution but exist as hydrated ions,
written as H+ (aq) and O}{- (aq).

(ii) Inability to ocplain qcidic and basic charac-
tet oI ceftain substances : Arrhenius concept
demands that an acid must contain hydrogen and a
base must contain hydroryl (OH-) groups. How-
ever, a number of substances like NHr, Na2CO3 ,

CaO etc. are known to be basic but do not contain
any hydroryl groups. Similarly, a number of sub-
staoces like COz , SO2 , SO3 etc. are known to be

acidic but do not contain any hydrogen.

This limitation is, however, overcome ifwater
is supposed to play an important role. This is clear
from the following reactions :

NH3G)+H2O <- I.rHi @$+ OH- (aq)

Na2 CO3 (s) + H2O +
IJCO; (aq) + OH- (aq) + zNa+ (aq)

CaO f H2O # Ca2+ (aq) + zOH- (aq)

Cx)2 + H2o --. Co3- @q) + 2H+ (aq)

So3 + H2o + So?- @q) + 2H+ (aq)

(iii) Inability to qkin the reaction betu)een an
acid. and base in absence oI water '. TWo important
examples are :

NH3 G) + HCI G) .------ NH. cl (s)

CaO (,r) + SO3 G) """""') CaSOn (s)

(3) Bronsted-Lowry Conccpt of Acl& and
Bases. To overcome the limitations of Arrhenius
concept, Bronsted (a Danish chemist) and Lowry
(an English chemist) independently and simul-
tatreously, in the year 1923, proposed a broader
concept of acids and bases. According to this con-
cept :
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An acid is deJined as a substunce which has the
lendenc! to give a prolon (fl+ ) md o base ir
deJined us a substance y'hfuh has a lzt denc! to
tocept a proton, In other words, afi ocid Ls a proton
donor vhercus s bqse it a proton acceplor.

The above definition may be explained with
thc help o[ the lollowing cxamples :

(a) HCI + HrO . . H3O+ + Cl-

(b) CH3COOH + HzO +
H3O+ + CH3COO-

(") NH3 + H2O <- NHl+ + oH-
(d) Co3- + H2o + HCot + oH-
(r) HCI + NH3 + NH4+ + Cl-
Thc following important rcsults may be

derived from these equations:
(i) HCI and CH3COOH arc acids bccausc

they donate a proton to HrO.

(il) NH, and COI- are bases because they

acccpt a proton from water.

(ii) Not only molecules but even the ions can
act asacicls orbasese.g, COrz- ion in the abovecasc

is acting as a base,

(ir,) In the first two reactions, water is accept-
ing a proton and hence is base. In the nelit two
rcactions, water is donating a proton and hcnce is

acting ils an acid. Thus water acts both as an acid

as $'ell as a basc and hence is callcd amphoteric or
amphiprotic.+

(r,) The reaction (c) above indicatcs that
Bronsted- Lowry definitions o[ acids and bases are
not restricted to aqueous solutions. In this reaction,
HCI is acid because it gives a proton and NH3 is a

base because it accepts the proton.
(ul) The presence oI hydroryl (oH-) groups

is not essential lor a substancc [o act as a basc. Thc
only requirement is that it should have a tenclency
Lo accept a proton.

(r,ii) The above reactions indlca[g that a sub-
stance acts as an acid i.e. gives a proton only when
unother substancc to accept the proton, i.e. a base,
is prescnt. For example, acetic acid does not act as

an acid in benzene solution because tbe latter does
not accept the proton.

(viii) The reverse reactions arc also acid-base
reactions. For example, in reaction (a), in the
revcrse process, HrO+ cangive a proton and hence

is an acid while Cl- can accept the proton and
hence is a basc. Thts there are l.wo acid-base pairs
in reaction (a). These ure HCI-Cl- and
H3O+ -H2O. These acid-base pairs are called

co jugqte acid- bosepal)s. Obviously,

I conlugate pair of rcid and a bare ilws b! d
proton onb i,e.
Conjugate acid # Conjugate base * H*

The conjugate acid-base pairs in reactions (a)
to (e) may be represented as follows :

Conjugate Pair I

Acid,

HCI

cH3cooH

H2o

HrO

HCI

t
Basc,

Huo

H,O

NHr

coi-

I

Acid,

H.o*
Hlo+
NHo*

HCO;

NHo*

Base,

cl-
cH3coo-
oH-
oH-
cl-

+

+

+

+

NH3

+

+

+

+

+

Conjugate Pair II

\--
----l\-
\-
\-
---------.\s-

,.Note. According to this concept if t*o acids (rvhich are acids with resPect to water) are mLred, the

rveaker acid will act as a base with respect to the stronger acid c &

.Anrphotcric is a gcncml tcrm fo! a substance acting as an acid aswctl as a basc When a(id base behaviout is rcslrictcd to

protorr lransfer, it is caUcd amPhiFotic.
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HCIO4 + H2SO4

Acidl Base2

(Pcrchloric acid)

H3SO4+ + ClO4-

Acid, Basel

Thus HrSO. is a amphoteric or amphiprotic.

Adyantages of Bronsted-Lovvry concept oYer
Arrhenius concept :

(i) Bron-sted-Lowry concept is not limited to
molecules but includes even the ionic spcies to act
a.s acids or bases.

(ri) It can explain the basic character of the
substances like NarCOr, NH, etc. (which do not

contain OH- group and hence were not bases

accordingto Arrhenius defrnition) on thebasis that
they are protoo acceptors.

(iii) It can explain thc acid-base reactions in
the non-aqueous medium or even iD thc absence of
a solvent (e.g. between HL1 and NH).

Llmitations of Bronstcd-Lowr? concept. Al-
though Bronsted-Lowry cotrc€pt has a widcr scope

than the Arrhenius concept but it has some limita-
tions e.9.,

(i) It cannot explain the reactions between
acidic oxides like COr, SO2, SOj etc. and thc

basic oxides like CaO , BaO, MgO etc. which take
place even in the absence of the solvent, e.g.

CaO + SO, '---- CaSOr

Obviously, there is no proton tratrsfer in-
volved in this reaction.

(fi) Substances like BFr, AlCl, etc., do not

have any hydrogen and hence cannot give a proton
but are known to behave a^s acids.

(4) Lewis Concept of Aclds and Bases.
Bronsted-Lowry concept of acids and bases was
broader than Arrhenius concep in the seLse that it
could explain not only all the Arrhenius acids and
bases but included many more substances as bases.
However, it didnot much enlarge the scope ofacids
as this concept also emphasized the presence of
hydrogen in an acid like the Arrhenius concept.

G.N. Lewis (an American chemist) in the
same year i.e. 1923, proposed a broader concept of
acids andbases. This concept eliminated the neces-
sity of the presence ofhydrogen in an acid and this
included manymore substanccs as acids and bases.
According to this conc€pt (also called electronic
concept) :

ln acid ir defined os substsnce (ulom, ion or
moleule) which is capubk ol acccpting a pair of
eleclrons and a base is defued as a suhstance which
is capoble ol doratiag an unshared pair of
ebttrons. In othcr word,t, un acid ir an electron pair
acceptor while u basc is an electron pair donotz

Obviously, the reaction between an acid and
a base, according to this concept, amounts to the
formation of a co-ordinate bond or dative bond
bctwcen them.

Examples. (i) Reaction befiecett BF.' utttl NH., :

:F: H
.x .

:f , B + : N x H .........-

.x . x
:F: H

while BF, (inwhich boron atomhas only 6 electrons

in the outermost orbit) can accept a pair of
electrons, NI{, is a base and BF, is an acid.

(ii) Reoction betweert NHrand H+ ion

F
I

F-B +
I

F
t wis acid

H
I

H-N: + H+ .*
I bwis acid

H
lrwis bssc I H I' I HItllllH-N-Hl or lH-N-H

L-r I t,l
(iii) Reoction between BF, and F- ion
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(iv) Reaction between CaO and SO,

,- :o:
+ S: O 

-Ca2+
, O,"

l-Ewis acid

capable ofgiving an electron pair has the tendcncy
to accept a proton. For example, consider the reac-
tion

base. However Brcrnsted acid mqy not be o Lewi,t
acid. For example, in the above case, HrO is

Bronsted acid because it is giving a proton but is
not a Lewis acid because it is electronically satis-
hed.

(i) Lewis concept is so general that it con-
siders everyreaction forming a co-ordinate bond to
be acid-base reaction. This however, may not be
always true. [For example, according to this con-
cept, even some metals are acids e.6 nickel is acid
because it forms the co-ordination compound with
COi.e. Ni (: C = O: )n, called nickel tetracarbonyll.

(ri) The necessary requirement in Lewis con-
cept is the formation ofa co-ordinate bondbetween
the acid and base. However, the well known acids
like HCI and HrSOo do not form any co-ordinate

bond and, therefore, should not be acids according
to this concept.

-(ji) Aiid-base reactions are usually fast but
formation of co-ordination compound is slow.
Hence it does not fit in the acid-base concept.

(iv) The catalytic activity of an acid is due to
H+ (aq) ion. Since the presence of hydrogen is not
an essential rcquirement for a Lewis acid, many
Lewis acids will not have this property.

-(v) +rrficniu+concopfarul Barnslgd gqDcept
can explain the strengths qf ir_c1d-q_ a_4d. [ases (as
discussed in the next section) but Lewis coacept
cannot,

It may be pointed out here that, no doubt,
Bronsted concept is more general than Arrhenius
concept and the Lewis concept is the most general

2-

ol
Ca+ t): I

l o:

(v) Hydration of metal ions

CI
.x

and Cl i Al
.x

CI
(Alcl3)

(ii) Simple cations e.g., Ag+ , Cu2+ , Fe3+
etc. These ions can accept pairs of electrons and
hence are Lewis acids.

(jiif Molecules having central atoms with empty
d- ofritsls : The central atoms in these molecules
call expand their outer octet by tahngup electrons
in their empty d- orbitals, e.g. SnClo, SiFa, PF, etc.

have the central atoms containiug empty d-orbitals.
. (f) Molecules containing c ,nultiple bond be-

tween two atoms of diflerent electronegatiities e.g.
CO, contains double bonds between carbon and

orygen (O = C = O). Since orygen is more
electronegative than carbon, therefore carbon ac-
quires a slight positive charge and thus can accept
a pair ofelectrons. Hence CO2 acts as a Lewis acid.

It is interestitrg to obseruethal Lewis boses are
olso Bmnsted Dases because a substance that is

,.H
nlr+ + 6: O( ------- lAl (H2O)613+

kwis acid \H

TDes of Lewls Bases. Lewis bases can, ob- Usefulness and Limltatlons ofLewis concept
vioudy, be of two types. These are : No doubt, Lewis concept is the Eost general out of

-(i) Neutral molecules like NH, , R - NH, ,

R - OH, H - O - H etc., in which one of the
atoms has got at least one lone pair of electrons.

(r'i) All negative ions like F- , Cl- , Br-, not be explained
I-, OH-, CN- etc. it suffered from some serious drawbacks as fol-

ltlpes of Lewis Acids. Lewis acids can be of lows:

F
.X

e.g. Fi B
x,
F

(BF3)

Irwis base

four types. These are :

(i) Molecules having a centrul atom with in-
complete octet :

:O:S:O:
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Diss<

Acids like HCl, HNO3 and HrSOo when
dissolved in water dissociate almost completely
thus producing a large number ofH+ ions. Hence
these acids are called strong acr'ds. On the other
hand, acids like CHTCOOH, HF, I{2CO3 ,

HrPO. etc. dissociate only to a small extent in the
aqueous solution giving sriiall amount of H+ ions
and hence are call ed,wesk acids. Similarly, bases
like NaOH and KOH dissociate almost com-
pletely in the a
number of OH
whereas bases

etc. dissociate only to a small extent in the
aqueous solution and are, tberefore, called weok
bases.

Thus the dissociation of weak acids or weak
basesinwatercanbereprcsented asan equilibrium
process. For example,

CHTCOOH + HrO+ CIITCOO- (aq)+ HtO+ (oq)

NH3 + H2O <-------\ NH4t @q)+ OH- (sO erc.

ln general, if a weak acid is represented by
HA, its dissociation in water can be represented by
the equilibriurr

HA + H2O f- a- @q)+ HrO+ (aq)

Applying the law of chemical equilibrium, the
expression for equilibrium constant will be

.- [A-l [H3o+l" 
[HAl [HrOl

As HrO is solvent, its conc€ntration is large
and remains almost constant (= 55.5 mol L-l)r.

Alternatively, we write
HA + aq <-- H* (aq) + A- (aq)

6 = [H+ (aq)llA- (aqtl
" IHAI

Krowing the value of the dissociation con-
stant of the acid, \ and the concentration (C) of
the weak acid HA taken, the concentration of
HrO+ or H+ (a4) in the solution can bc calculatcd
as follows :

HA + aq +H+ (qq) + A- (aq)
Initialconc. CnolL-l 0M 0M

out of all but still Arrhenius concept continues to
be most important io explaining a number ol
phenomena.

We put K [HrO] = It, called dissociation constant

ofthe acid. Thus \ =
lA-l IH3O+l

tHA]

Corcs. at eqm. (C-r) M .rM xM

... * - lH+ (a(tl llA- (aqll _ x xx
" tHAl C -x

As usuallyx is very small as compared to thc
initial concentration C,r can be neglected in com-
parison to C. Hcnce the equation is simplihed to
the form

JK,=i o, x=,/qFe
However, it may be pointed outer that ifx is

more thara 5Vo of C,.r cannot be ncglected in com-
parison to C and the equation has to be solvcd as a
quadratic equation to get the value of.r.

Similarly, the dissociation of a weak base in
water can be represented by the equilibrium

BOH + aq 
== 

B+ @e + OH- (aq)
The dissociation constant of the weak base,

represented by K6, will be given by

K. _ lB+ (a4)lloH- (a4)l
" [BoHl

sot UED EXA,T,IPLE
------:-":..:_Tfi ;-:i----

IDitial
coDc.

Concs.
at eqm.

= r.'.- Colculale lhe H+ ion concentra-
tion irt 0 10 M acetic acid solution. Given thot tlrc
lissociution co .\tont of ucetic uci(l irt wttar is
/.,9 \ .lr-).

Solution. Suppose al equilibrium,

lH+ (oq)l : x mot L-1. Then

CHTCOOH + aq =r
CH3CoO- (ail + H! @q)0.10M 0M 0M

(0.10 -r)M rM rM

= 55 5 molcs.
1000 g. Thcnforc, numbcr of molcs in 1 L of H2O = 1OO0/18
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ICH3CoO- (sq\l lH+ (aq)l

lcHrcooHl
. xxx t

1 L1 ,,( rr, - 0.I0 _r - 0.I0

or ? = (1.8 x 10-5) x 0 10

te

= 1'8 x 10-6

r = V1.8; 10-6

= 1.34 x 10-3 M

[H+l = r'3a x 1o-3M

Chlcutate rhe concentration of H+ (aq)inO.2 M solution of HCN. Giveo that the dissociation constant of

llCN in water is 4.9 x t0-r0. l^ns. 9 9 x 10-'6 Ml

8.5, Strengths of Acids and Bases .+*x$irii,i{+tr.jri+}:ii{:.,:i

According to Arrhenius concePt, an acid is

clclinctl as a substance which when dissolved in
irtcr givcs H+ ions and a base is defined as a
rbstance rvhich when dissolved in water gives

OH- ions. Thus

Grealer lhe number of H+ io'/.s pmiluce.l in lhe
uqueour nhlion, the stronger is lle acid' Similar-
ly,gre er the number of OH- ions pmduced in lhc
ul eo rs solulion, slronger is thc base.

Now, as greater Ls the dissociation con-stant of
the weak acid (lK,),greater Ls the amount of

I{+ (a4) produced, therefore stronger is the acid.

Thus Ko values give a measure of the relative

strengths of the weak acids. Similarly, Ko values give

a mea.sure of the relative strengths of the weak

bases. The lQ values of some common weak acids

HA + Water

Initial
conc. C

Conc. C - C4
ateqm. = C(1-4)

+ H+ @fi+A- (aq)

00
Ca Cg

urc given in Thble 8.1.

(K ) ofsome ueak rxrnol)asic acids at 29lll

Applying the law of chemical equilibrium, we

get

, - lH+ (aq\l lA- (uq)l

IHAI
where K, is called the dissociation constant (or

ionzation constant) of the acid.

Cs . C<t c'2 C

A,s the degree of dissociation (a) of a weak

acid is very small, we can take 1 - q = l.

Kr=o2c .,' ': 141
Thus if two acids of equimolar concentration

are taken (so that C is constant),

", -\/\4- K,,
But degree of dissociation is a measure of thc

stren an say

\l =q

Acid Fo nulo Dissociation
constant (K.)

Fornric acid

Acetic acid

Benzoic acid

['henol

Ilydrofluoric acid

llydroclanic acid

Ilypochlorous acid

llypobro[]ous acid

Hypoiodous acid

Nitrous acid

HCOOH

cI{3cooII
c6H5cooH

c6H5oI-l

}IF
HCN

HCIO

HBrO

HIO

HNO2

1.? x lO-a

l8x10-5
6.5 x 10-5

I 3 x 10-lo

6.8 x 10-a

4 9 x 10-10

32x10-8
2 1x tO-e

2.3 x 10-ll
45x10-a

t-', r,,'1.,1,1t's Ned Coutse Chemiitrqlfft[fi
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Strength of CH, COOH

St.e,Uth.f t{CN =

Thus lhe relaliye strcngtht ol two acfuLs ol equi
moldr concenlration cfln be compared by t*ing
squane flNl o! the rafio of lheir dis:sociation con.
stanls.

e.g K, for CHTCOOH = 1.8 x l0-5

K" for HCN = 4. 9 x 10- lo

It must be remembered that since the ioniza-
tion of an acid or a base increases with dilution, the
strength of the acid or the base increa-ses with
dilution.

Note that K, and Kb are taken as dimen-sion-

less quantities (as already explained in unit 7) be-
cause the standard state concentration of all the
species involved is taken as L mol L-1.

Polyprotic acids and Polyacldic bases. Some
acids like sulphuric acid (HZSO.), carbonic acid
(HrCOr), oxalic acid ((COOH).), phosnhoric acid
(H3POa) etc. contain more than one ionizable
proron. Such zctdB :trs-1qtreil polybasic or

For example,
two steps as

foilb-ws': 
-

., HrX (oq) + H* (aq) + HX- (aq)

\A,/nx- lrqy + H* (aq) + )r @q)

Thcir ionization constants, K,r and I(o, called
(he first and the sccond ionization con^stant respec-
tively, will be given by the equations

K _ lH+llHx-l K _ lH+llx2-l
't [HrXl ', 

'-e2 
lHx-l

The overall equilibrium may be btained by
adding the stepwise dissociation equilibria. Thus
for the above process, the overall equilibrium will
bc

HrX (rrq) <:+ 2 H+ @e + X2- (aq)

Evidcntly, \ = \, "K,,
Similarly, a tribasic acid like HrPO. has three

ionization constants. The overall ionization con-
stant (Kc) will be the product of the, ionization
coBslants of the three steps r'.e.

L = IL, x &r, K,,

The ionization constants of some polyprotic
acids are given in Thble 8,3 below :

= t/3{ii 
" to, -- L.gz x tG = tEz

Hence, CHTOOH r's neqrly 192 times sionger
than HCN.

Similarly, the relative strengtbs of two weak
bases of equimolar conccntrations can be com-
pared by taking the square root ofthe ratio ofthcir
dissociation constants, i. e.,

wptrength of base (BOH), =\/trStrcngth of base (BOH), Ko,
where \, and IQ, are the dissociation c.nstants of

the two bases.

The dissociation constants of a few bases at
zcsr lre giyel in 

rab]:.12 b:]:I :.'l'\lll,E It,2, I)issociation or krnization constirnts
(K6l ofsome \itJk l)ascs xt f,9sK

1.8 x 1o-r
4.9 x 10-ro

Ilase lormrtla Dissociatiorl
coustllnt (Kr)

lAflmonia
I

lTJydroxyl 
nriDc

Ilydrazxte

Methyl anline

Dimethylamine

Tiiethylantine

ADiline

PyridiDe

lnorSflDic Bases

NH:

NH2OH

NHzNH2

Organic Boses

cl13NH2

(cHr)2NH

(cHt)3N

c6H5NH2

c5H5N

1.77 x lO-5

1lxl0-8
17x10-6

3.7 x 7O-a

5.4 x l0-a

6 45 x l0-5

4 27 x lO- to

7.7'1 x 10-e
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rmc rroltt acids at 29tKI

Acid K., Ko., IL3

Sulphuric acid (rt2SO4)

Sulphurous scid (H2SO3)

Oxalic acid (co o g )2

CirboDic acid (HzCO3)

Ph6phoric acid (H3PO4)

Arsenic acid (H3PO1)

Citric ircid

very high

l7x10-2
5.9 x 10-z

43x10-7
75xt0-3
5.0 x 10-3

'7 4 x 1O-'

1.2 x l0-2
6.4 x 10-8

6.4 x 10-5

5 6 x 1o-11

6.2 x 10-8.

83x10-8
I7x10-5

42x1o-t3
6 x 10-lo

4.0 x lo-7

It may be noted from the above table that

4,,K,,,K.,
Similarly, polyacidic bases also ionize il steps

with ionization constsnts Krl 
' 
Iqr , Kr3 etc.

According to Bromted'l,omf concePt, the

relative strengths of two acids are compared by
comp to donate Protons.
Simia hs of two bases are

comp tendencies to accept
protons.

The relative streogths of the two acids or the

two bases involved in the two acid-base conjugate
pairs can be found out if we know whether forward
ieaction is favoured or backwatd reaction is
favoured. For example, consider the reaction

Acidl **, Acidz Bascl

H
to com
HCI is

stronger tendency to give prototr than H3O+)'

Sirnilady, HrO is a stronger base thatr Cl-. Thus t/re

strong acid (HCI) has a weak coniugate base (Cl- )'

Agairq consider the reaction

CHsQOOH + HrO + H3O+ + CH3COO-

Acidt Basc2 Acidz B"*r

Here, bachrard reaction is favoured. This

shows that H3O+ is stronger acid than

CH3COOH. Similarly, CH3COO- is a stronger

base than HrO. Thus we again observe that the

strcng acid (H3O+) has the weak coniugate base

(II2O). To sum up

I stpng qcid has d wmk coniugate base md vbe

,!ry4a.

Thus the relative strengths of some acids and

their conjugate bases may be represented as fol-
lows :

Stro[gest

Acid : HIO, > HNO, > HF > HCOOH>HCN>H2O

Con- IO! < NOz- < F- <HCOO- <CN- <OH-
jugate:
Base :

Strongest

favoured or the backward reactio n will be favoured '

An acid when dissolved in water gives H+
ions and the corresp otding anion. Similarly, when

a base is dissolved in water, it gives OH- ions and

the correspouding carion. These anions or cations

further interact with water. The reaction of the ion

wrth water is calhd, !tStdr9fu!;-. The followirrg three

different possibilities arise :

t hYdrated. The cations

of OH, KOH etc. alld the

an HCl, HNO3 etc simPlY

undereo hvdration i.e. surrounded by water

moleiles aitracted by intermolecular forces. This
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is because these ions are such weak acids or bases
that they cannot react with water by splittitrg it into
H' and OH- ions. Examples of some ions that
simply undergo hydration in aqueous solution are

cl-, Not, so?-, clo;, Na+, K+ etc.

2. Negative ions ofweak acids react with $at€r
molecules, setting up acid.base equilibria and
giving alkaline solution. The general equation for
anion hydrolysis may be written as

co3-, HCo3-, s2-, HS-, CN-,

CHTCOo-, pOl- etc.

3. Positlve lons oft?cak bases rcsstvith water
and

mple
base

NH.OH). Its hydrolysis may be represented as

NHl+ + Hzo + NH3+H3o+
Acid Basc Bas€ Acid

As only the cations obtained from weak bases
undergo hydrolysis as above, it can be said that
these are those cations that are stronger acids than
water. A few examples of such cations are

NH1+, Be2+, znz+, Al3+, Fe3+ etc.

Acid-base equilibria are also set up when salts
are dissolved in water. The reaction of salts with
water is called .salt hydrolysls, and has been dls-
cussed in section 8.10.

x- + H2o + HX + OH-
Acid Bas.Base Acid

e.g CN- + HrO

s2- + H2O
=- HCN + OH-

+ HS- + OH- etc.

Anions that uudergo bydrolysis as above are
the anions of the weak acids.
are stronger bases than water
concept). Examples of some
are

i H+ ion (which rs barely a proton) is so small rn size that it caDno! exist as such in the aqueous solution. lt
combines with four H2O molecules surrounded tcrrahedralty and exists as H9 Oa+ ion (H + + 4 H2O ...-
Hroo*)'

: Ltke fI2O, many other liquids also undergo auro_protolysis e.&

v^

ES 3.

NH3 + NH3 
-r 

NHo+ + NH!
H2SO4 + H2SO4 (r H3SOa+ + HSOa-.

Clnssification of solvenLs

8.7. Dissoclation Constant
and lonic Product ol Water +*r+*trit*taxil+*r.+rltilt,

H2O + H2O i.----\ HrOr + oH- ...(t)
This ionization is czlled self-ionization ofwater.

, Applyrng_the law of chemical equilibrium ro
tbe above equilibrium, we get

lH+l [oH-l _ _
lHrol

_. . F " 
watcr is poor conductor of electricity.

This shows that water is a weat electroty,tc 1.e., it is
ionized to a very small extent as

Hro i- H+ + oH-
or morq accurately, it may be written as



all4

lH3o+l [oH -]or -- [HFF- 
: r\ ...(,,)

H30+) ions and OH- ions increasesand hence thc

toli-9 n19a19t {t9 ilcJg::::..
'I'AIILE 11.4. \blrres of q ut diftclcnt ((rnl)\'

i HrO+ Ion and OH- ioD concentrations in

purc water at 298 K : Pure water ionizes as

H2O + HzO <------r H3Ot + OH-

Obviously, for any degree of ionizatiou, we

will always have

lH3o+l : [oH-l
But at 298 K, we know that

11,', = [HrO+l toH-] = 1.0 x 10-14

.' [Hro+l [H3o+l = 1.0 x 10- r4

or lH3Orl2 = 10 x 1'0-14

ot [H3O+l = VI 0x l0-r4

=10xl0-7moles/litre
Thus in pure water at 25oC,

lH3O+l = toH-l = 1 0 x l0-7M

8.8. H3O- ton and OH- lon Concentrations in

Aqueous Solutions ol Acids and Bases:'lr' 'r"

As already explained above, for pure water at

v)8 K

lHjo+l = [oH-l = 1s-r ]\4

Now, if some acid (say HCI) is added to the

pure water, then

[H3O+l > 1o-7 M

However, experiments show that the equation

X* = [HrO+l IOH-I is still valid Thus the

[OH-l decreases and may be calculated as

K_
[oH-l = ------ -

where K is the dissociation constant of water'

Since water is ionized to a very snrall extent,

this means that out of millions of water moleculcs,

only a few are dissociated into HrO+ ald Otl-
ions. Thus thc concentration of unionizcd rvatcr

molcculcs i.c. [HrO] remains almost ctrnstant

(being cqual to 1000/18 = 555 rnoles per litrc,
b".urr"." i litre of water = 10(X) cc = 1000 g and

molar mass o[ Hr() = l8 g mol-l) i e.

lH2ol : con'tant

Equation (ii) maY be rewritten as

lH3o+l[oH-] : KlHror-
= constant X constant

= K.,' anotbcr constullt'

callccl ionic product of water. Hence

Ionlc product of water rnoy be defrnd ns the

produc! oI tlta lrtoltt concentralion o! H!O+ ion\

arut OII- iorts (or H+ iotts stul OII- ioz't),

The dissociation constaot ofwatcr, as givcl [ry

ctrn. Gi), cao be calculatod by subslituting th'
vuiucs ot [H.O1l,IOH ]afll lHzol. Thus, wc tsct

K = 
lo-]=x=lo-? 

= 1.8 x r{) 16

55.)J
N,iG cariiuily- that dissociationr'ionizatiol

constanl of water (K) is diflerent from ionic

product of water (K,). The two are related as

K
*= 15; or K*=Kx55 55

Further, it must be noted that ionic procltrct of
waler is constant oDly at conslant lempuraturu lt"
vulue at 25'C (298 Kiis found to be 1 008 x l{)-r{
However, for simpliciry, the value of K- at 298 K is

usually taken as

K*= 1oox 10-u

Effect of t€mPerature on \' The ionic

rnolecules dissociate into H+ (or HrO+) ions and

OH- ions. Thus the concentratiou of H+ (ol

femperenture ('C) K,,

0

l0
25

30

40

50

60

0.1 x lo-la
0.3 x 10-la

1.0 x t0-14

1.5 x 10-la

3.0 x 10-la

5.5 x l0-la
9.6 x 10-la

Pradeep's
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Again, if some base (say NaOH) is added to
pur€ water, then

loH-l > 10-7 M
But the equation Kl., : [H]O+l [OH-] is still

found to hold good. Hence [HrO+l decreases and
may be calculated as

K
tH3orl =ffi

The increase or decrease of the H3O+ ion
conceotration in an aqueous solution of an acid or
a base may be explained qualitatively on the basis
of Le Chatelier's principle (or common ion effect)
as follows :

2H2O i- H3O+ + OH-
Ifsome acid is added to pure water, HrO+ ion

concentration increases, therefore the equilibrium
shifts in the backward dkection (or ionization of
HrO is suppressed). Thus the OH- ion conc€ntra-.

tion decreases. Similarly, ifa base added, OH- ion
concentration incrcases. Again, the equilibrium
shifts in the backward direction (or the ionization
of HrO is supprcssed) and hence the H3O+ ion
conccntration decreases.

e.9. pH-A Convenient ReDresentation

of H:O lon C c l] c e n I ratro n :::i:.i::,r::i:::ll,i,i:r:iil ::.: i: l: i : i:::i :

It has already been discussed above that a
solution may be neutral, acidic or alkaline, the
cq uation

K,, = [H3O+] [OH-J

= 1.0 x 10-ra at 298 K
always holds good. Thus if HrC)+ ion concentration
of a solution is known, OH- ion concentration is
automatically fixed. Thus to express the acidity or
alkalinity ofa solution, it is sufficient to express only
the H.O+ ion concentration. Since the pioduct oi

[H3O+] and [OH-] is always 1.0 x 10-14, the con-

centration of H,C)+ ions mayvaryfrom 100i.s. 1M
to 10-14 M. Thus a solution may have [HrO+l
= 2.5 x 10-5 M or which may be writteD as
0.000025 M. Obviously, such a method of express-
ing thc H.,O+ ion concentration is quite cumber-
sonre. Sorensen, in 1909, suggested a convenient

method of expressing the H3O+ ion concentration
in terms of pH The symbol has been taken fiom rhc
Danish word potea z de hydrcgen inn which nreans
power of Hydrogen ions. The following diffcrent
definitions of pH are used to exprcss the H1O+ ion
concentration.

(i) pH oI d solutim is tl{rned us the magnitude o!
tha negati"e pover to which lO trust be raired to
Eprsrs the hldtonium ion (H!O+ ) Lnnrzrtmtion*.

Thus ifin a solution

lHro+; = 16-' .'.(r)

pH=x
However, this definition can bc used onlv

where the lHrO+l can be expressed as a powcr oi
10. In many cases, it may not be easy to do so, c.g ,
a solution may have [H3O+l = 2.5 x 10-i N{.

A more general definition may be arrivecl ut
from equation (i) as follows :

Thkinglogarithm ofboth sides ofequation (i),
we get

log [H.0+] = log 10-'

= -.r log 10

or = -r (log 10 = l)
or x= - log[H:o+l

i-e. pH = -log lH3()+l ..(i,)

This is the most common form used in numcri-
cal problems. Thus

(ii) pII nay be deJined qs negdtive logarithn oI
lEdmniwt io n conccarat ion.

Equation (li) may be rewritren as

pH : log [HrO+]-l

or pH : log 
tF1fr. 

H"n"s

(iii) pII nay also be dcfined as logarithm oJ the
reciprocal ol H ,O+ ion concentration.

pH scale : Thcoretically, a solution m:ry lr.rr,
any HrO+ ion conccntration and hcncc may ha\e
any pH value. Horvever, pructically, the solulionr
having HrO+ ion or OH- ion concenlration morc
than 100 ( = 1M) and hcnce OH- ron or HrO+

'srriclty scaking. iD ptacc of nrots. Goncrtrtrationr, acriviries of H+ ioru (rH+;";. I1.".;., r] l.* 
"nr".nrrariorr.the two arc cqual.
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ion conc. less than 10-11 l'{ are not common. This
is because such solution's are not easy to obtain and
moreover as the concentration increases, the de-
gree of dissociation of the acid or the base

decreases enormously, Hence the pH range is

taken as 0 to 14 for most of the practical purposes.
The acidity or the alkalinity of a solution may bc
represented on the pH scale as follows :

o-5 I o-'

- - IH+l [F-l

F- + H2O <- og- +nr'
- - loH-l lHFl
^D - tF-l

Multiplying eqns. (i) and (ii), we get

K, x Kb = tH+l toH-l =K?

l O-7 10-€ to-o 10-10
tlll
ttll
ttll
ltll
rrll

11 1O-r2 i O-13 to-l{

NEUTRAL

910 11 12

Relationship between pH and pOH. Just as

pH = - log [H+1, similarly, pOH = -log [OH-l
Since [Hro+] IoH-l = K, = 10-r4 at 25' C

. . log [HrO+] + log [OH-l = log K-

= tog 10-14 - -14
or -log [HrO+] -log [OH-l

= -log K,, = 14

Relationship betweenpKo andpK, values (i.c.

balween ionization constant ol a teeak acid attd lhst
ol it.r conjtgate bose).

Consider the weak acid HF. Its conjugate basc

is F-. They dissociate as follows :

HF ;J 11+ 1P-,

-loglt - logK6= -logKp

i.e. I pr., +p& =prv. lry-
Limitatlons of pIl scale.

(i) The pH values of the solutions do not give

the exact idea of their relative strength. For ex-

ample,
(a) A solution of pH = t has hydrogen ion

concentration 100 times than that of a solution of
pH =3, and not 3 times.

(D) A 4 x l0-5 N HCI solution Ls twice con-

ceEtrated as compared to 2 x 10-s N HClsolution
but the pH values of these solutions are 4'4 and

4 7 respectively, and not double.

(,r) pH = 0 is obtained in lN solution of a
strong acid and lbr concentration 2N, 3N, 10N etc.

the value can be negative too. Similarly, for a con'
ccnhated solution of a strong base (> 1 M), pH
can be greater than 14.

(irr) A 10-8 M solutiotr of acid can not havo

pH = 8. The value will be close to but < 7 (see

iolved example under'Tlpe VIII'page 8/26).

Messurement ofpH. Though accurate meas-

urement of pH of a solution is done with the help
of an instrument, called pH-meter, approximate pH
(within the range of 0'5) can be determined with
the help of pll papers which show different colours
when dipped in solutions of different pH.

..(D

(iD

I fr,xf.o=fv 
i

gASIC CHARACTER INCREASES

log Ko + log Kr = log K,

lHso+l
1oo
I

1on 10-2 1o-3 1o-r

0'l
pH

v
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IYPE I. Orl thc cslculatlo! of IHrO* ] and IOH- |

, I \ \\l!,1 \' 1 Calculate tlrc H3O+ and OH-
ion concettrations at 25" C in

(i) 0.02 N HCI solution
(ii) 0.005 N NaOH solution

!4,1S1. (i) HCI completely ionizes as

HCI+HzO ,H3O+ + Cl-
... [H3O+] : [HCU

: 0.02 N
: 0.02 M

(Given)

( . HCl is monobasic)

= 2x10-2M
Now as [Hro+] [oH-l : Kr" = 1o-ra

K l0- t{' IoH-l = trptl = Zx 10=

= 5 x 10-r3M
(il) NaOH completely ionizes as

NaOH Na+ + OH-
. toH-l : [NaOH] = 0'005 N (G,ven)

(.. NaOH is monoacidic)

= 5x1o-3M
Now as [Hro+] [oH-] = Iq = 10-ra

. K, l0_r4.'. lH:o*l = lrr_| = ,x ro=
=2x10-12M

0 2 M sodium scetate. Givcn thqt the ionization
constsnt (K) lot acetb acid is I . I x 10-s,

Solution. Acetic acid ionizes to a small extent
wherEi-as soclium acetate (being a salt) ionizes com-
pletely. Suppose acetic acid ionized at equilibrium: r moles. Then

CHICOOH+H2O ;:==l ggr699-agr6+
Initial 0.02
moles

Moles 0.0?-x
at eqm.

cHrcooNa
Inirial 0 z
moles

Moles 0
at eqm.

Thus in the mixture solution

ICH3COO-] = 0 2+ x =O.ZM

(CHJCOO- are obtained mainly from
CHTCOONa, therefotex < < 0.2)

[cH]cooHl = o'02-x = 0'02M

lcH3coo-l [H3o+l

xx

...-r 9111699- .,r- 1r1u+

00

0.2 0.2

Kr=

18x10-s=

or [HrO+; =

lcH3cooHl
0.2 x [H3O+]

0.02

1.8 x 10-r x 0.02
0.2

1.E x 10-6 M

T,ROBLEM9 FOR
lf hydrogen ion concentration iD a solurion is 1 x 10-5 moleMitre, calculate the concentration of oH - ion in
this solutior (K,y = 1O-l{ moles2 / titre2) [Ans. 10-9 mole-s/litrel

Note. Since the calculatioa of HrO+ iou concentration is tsually the first step towards the calculation
of pH, therefore the numericals of this type are automatically included in the various rypes that follow.
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TYPE II. On the calculatlo[ of
pH ofcohpletely ionized aclds

r li)(Atrll'l.ll, 1. Ca lculate the pH vqlue of
(i) t|-z molar HNO, solution

(ii) 0.03 N HCI sohttion

. (iii) 0.001 N HzSOlsolution.

(i) HNO, completely ionizes as

HNO3 -F HzO ......_ H:O+ + NOi

.. [H:O*l = [HNo3] = 7o-2]l..{ (Given)

pH = -log [H,O+l : -loC (10-'?)

= - (- 2log10) = 2
(ir) HCI completely ionizes as

HCI + H2O -----------. H3O+ + Cl-
.'. [H:O*] : [HCl] : 0.03 N (Given)

= 3 x 10-2N = 3 x 10-2M
(HCl is monobasic)

.. pH : -los [H:O+]
(Eq. mass = Mol. mass)

= - Uog3 x 10-21

= - (log 3 + log 10-2)

= - (0.477L - 2) = 1.s229

(n'i) HrSOn completely ionizes as

H2SO4 + ZHrO 

- 
2H3O++ SOi-

lH3O+l = 2x [H2SOal

[ 1 molecule of HrSOn gives 2 HrO+ ions]

But H2SOa = 0.001 N = 0.001 x 49 g,4itre

(Eq. mass ofHrSOo = 49)

0.001 x 49
= -:j;- molcsnire

( .' Mol. mass of H2SO. : 96;

= 0.0005 M

lH3o+l = 2x [H2So1l

= 2 x 0.0005M
= 0.001 M = 10-3 M

pH = - log[HrO+]

: _ Iog (10-3) : 3

the pH of the coffee. Is this coffee acidic or alkaline ?

Solution. Here we are given that

[H3O+] = 1.3 x 10-5

pH = -log [H3O+l : -log (1.3 x 10-5)

= - (log 1.3 + log 10-5)

=-0.1139+5=4.8861
= 4.t9

As pH is less than 7, the black coffee is acidic.
I.lXAl\{Pl,l.l 3. A solution is found to conta t

0.63 g of nitric acid per 100 ml of the solution. Wat
is the pH of tlu solution if lhe rcid is completely
dissocisled ?

Concentration of HNO, solution

= 0.63 g per 100 Irrl (Given)
K.?

= 6.3 g per titre = f;i motes/lirre

: 1O-r M
( . Mol. mass of HNO, : 63;

Now, HNO, completely ionizes as

HNO3 + H2O ----.----' H:O+ * NO:-

.'. [H3O+l = [HNO3]

= to-r M
.'. pH = -log [H:O+l

: -log 10-1 : I

l. Calculate the pH value of 0.001 N HNO3 solution 3. What is the pH of a sotution whose H+ ion con-

[.\ns. 3l cenkation is 2 x l0-5 g ions/litre ? I{ s. 4.699]

2. Calculate the pH value of lO-3 M HCI solurion 4. 0.049 g of H2SOa is dissolved Per litre of the giveD

nDs. 3l solution. Calculate the PH of the solution.

hns.3.01

"ROBLF,lvi,I 
FOr< iF?.RA@1Ii:li6,E \
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5. Calculatc tbe pH of a solution whicb is I x 10-3M
with resp€ct to sulphuric ac.id.

JAns. 2.5tDl
6, 13.5 I of an acid HA, of rDolecular mass 135 was

dissolved in I O litres of aqueous solu tiorl Calculate
the pH of tbe solurioD, as miDg thc acid to b€
completely dissociatcd. I.r.tts.2l

'Hi.lilN,T9

7. Cakllate the pH ydlue of a 4.9 x 1O-a N
monobasic acid solution assuming
tioo.

t. Calqrlate rhe pH ofa solution obr
25 rd of Nn 0O HCI ro 500 ml.

9. I ml of 13.6 M HCI is dilured with give
1 liue of thcsolution. Calcutaie pH o li.ing
solution. .Gjt

4, tll2so4l = 
o 

qof,e n,or l-1 = 5 x 'lo-a M.

As H2SO4 
- Ztt+ + SOl-,

[H+] =2" (5 x lo-a;= 1s-3NI

e. Uat = i;l'Jm mor L-r = ro-2 M.

tH+l = IIIAI = lo-2 M.

TYPE IIL On lhe calculatlon of
pH of conrpletely lonlzed alkalies

E. NrVt = NzV2,25 x 1 / 100 = N2 x 500

or N2 = 5 x 10-aN

tH+l = tHcrl = s x 1o-aM
pH=-tog(sx10-1)

=4 - log5 =4 -0.6990 = 3.301.

(i) Cdlculation of motarity :
Mass of NaOH dissolved : 4.0 g/litre

Mol. mass of NaOH : zl0

.. N'tolarity of the solution

_ Strength in g/ litre _ 4.0 _ ,= --M"G;. = +o = o tv
(ii) Colculation of the OH- ion conc.
NaOH completely ionizes as

NaOH ...........+ Na+ + OH-
.. [oH-l =lNaoH] = 0.1 M = 10-r M
(iii) Calculation of pH :
We know that
[H3o+l [oH-l : Ky = 1.0 x 10-14

... IH,o+t - 
K. 

- I'o x lo-r4,--r- ' [OH-l - -- 10-=r--
= 10-13 M

.. pH : -log [H:O+l
= - log 10-13 = 13.

I,lx.\lll'I-ti L Calculate the pH of Nlt000
sodium hydmide solution- . assuming .omplete
ionizqtion (Kw: 1.0 x 10-14).

qo!!!g& NaOH completely ionizes as
NaOH -------- Na+ + OH-
.. toH-l : tNaoHl = {

1000
: 10-3 N = 10-3 M

( . 8q. mass = Mol. mass in casc of NaOH)
Now as lHrO 

tl 1OH-; = 1g-r'n

..[H:o*l =#=$=,0',
.. pH : -log [H3O+lc = - log 10-11 = 1t

. LX\\lPL[]2. 4.0golNaOH are dissolvedper
litre. Find (i) molaity of the solution (ii) OH- ion
concentration (iii)pH vahrc of the solution (At. mas_
ses..Nc = 23,O:16H = 1).

?R,ACTICE
l. Calculate the pH va MNaOH(6)

0.01 M NaOH and H soturion'ai' "c. D G) t2.6ol
2. Calculate th€ pH ofa solutbD contai gcaustic

soda/litrc of uater, D.69ryl

3. must be
iB N/10

!rns. 4 g, 131
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4, C3lculate the PH of thc following solutions : aod hydroryl ions and the PH of the soluiion'

[ose Amourlt dissolved voiume ofsol. mnde (Atomic mass otsr = 87cdot6) (N C'E'R'T')

(a) noH 2s
(b) ca(oH), 0 3I
(c) NaOH 0 3I

". 
1sl+; - o.rstt u, [oH-l = o'3152M'

pE = 13.501

6. If 0 .561 I KOH is dissolved in water to Sivc 200 mL
ofsolution a]298 K calc'ulale the co[centration of
potassium, hydrogen afld bydro]ry| ions. What is its

inz (N.c.E.R.r.)

lenr. tK+l = toH-l = o'o5M'

lE+I = z'o x 1o-r3 MI

2L
5OO mL

2Il0 mL

(Atomic masses : 1'l = 2O4, Ca = 40, Na = 23)

(N.C.E.R.7:.) [,r,.. (c) 11 70 (D) 12'21(c) 12 s7l

solution. Calculate the concentratioos of strontiunl

HINTg FORDIFFICULT TROBLEM.g

2. INaOH] =frmorl-r=5 x 10-2M

rle. [oH-] -5x10-2M

- [Hro*] = -19-11, =2* 16-r:.

pH = - log 12 x 10-13;

3. For 1 Lof I N NaOH solution, NaOH dissolved =
18eq. =408
.. For I L of N/10 NaOH sol., NaOH dissolved

=qo x#=rs

{oH-l = 10-r M

- [H:O+] = 10-13 M'

pH=-log10-13=13

4. (b) Molarity of Ca(OH)2 sol.

=f y1999=s.11 x1s-3

[oH-l = 2 x [ca(oH)2] = 16'22x1o-3

.1 pOH - - log(16 22 x i0-3)
= 3 - 7'2101 = l'19

:. pIJ= 14 -POH = 14-179=1227.

6.tKoHI =+x#r=oor0M
As KOH - 

K+ + OH-,

... [K*)= {oH-]:0.05 M

lH+l = Ky,/[oH-l

= LO-11/0.05 = 10-r1l(5 x 10-2)

= 2.0 x 10-13 M.

Ti?E Mn tle c.l4ulatlor ol
H of aclds and hases lot completely lonized

Calculote the PH ol a 0.01

solution of scetic acid. K. for CHTCOOH

1.8 v 10-s at 25"C.

Solution. CHTCOOH ionizes as

lH3o+l = /K, tCH, CO'HI
IL= t'8 x to-s

OI

But

is
and [CH3COOHI = 0'01 M : 10-2 M

... lH3o+l = /(fi, 1o;, " 
(lo-')

= fi; >< 1o-' = fi8 r. 10*
= y'18 x 1o-a g ions/litre

= 4'242 x 10-a g ionMitre
:. pH -- -log [HrO+l

= - log (4'242 x lo-4)
= -Q.6n6-4) = 3.3727 = 3'37.

, Colculate the PH of 0.1 M solu'
tk)n the degree ol dissociation ol the

acid is 0.0132.

Solution. Acetic acid dissociates as

cH3cooH+HzO 1* cHrcoo- +H3O+

Applying the law of chernical equilibrium, wc

set K, = lcHpooHl
But [CHTCOO-] = [H3O+]

_ IHro*l'
- [cH3cooHl

[. one molecule of CHTCOOH gives onc I

I cHlcoo- ion and onc H+ ion or l-lrtl' ion j
L' cH3cooH +H2O <--r cH3coo- +H!O+



EOUTLTBBtUM - (tONIC EOUtLtBHtUM tN SOLUTTONS) 8121

IfC moleVlitre is the initial concentration and
a is the degree of dissociatioD, we cao write

cH3cooH+Hzo {r 6111969- agrg+
Initial C
conc.

Conc. C - Ca Cq Co
at eqm.

Thus [HrO+] =QYa

= 0.1 x 0.0132

= 1.32 x 10-3 M

.. pH = - log [HrO+]

= - log (1.32 x 10-r)

= - log7.32 + log 10-r

= - 0.72O6 - 3

= 2.8794.

tlxANll'l,lt 3. Cqlculate the pH oJ l0-3 M
qniline solulion. Given thqt its ionizotion constant,
Kr= 4 27 x 10-10. Also calanlate its degrec ofioni-
zalion and ionization constqnt oI its conjugote acid.

Solution.

C6H5NH2 + HzO ==| C6H5NH3++OH-
Initial C molL-l
After disso. C-x:C x x

J
xu =t

orx = y'&-xC = VArx 10T (to-3t
=653x10-7

i.e. [OH-] = 6'53 x 10-7 M
.. [H+] = K,,,/[OH-I = to-t1/(6'53 x 1o-7)

= 1.53 x 10-8M
pH=-loslH+l

= - loc (1 .53 x 10-8) = 7. El
Degree of ionization (q) = r'qr-C

= /(4 ,? " 1o"r) - 10"
= 6.53 x 10-a

( .. . x 6.53x10-7 \
(or directlya = a = ==ii.- = 6.sax lo-aj

Ko = Kl,,/Kb = Lo- 11 / (4 27 x ]]o- to)

= 2.34 x lo-s.

l. Acetic acid has a dissociation consknt of
1.8 x 10-5. Calculate tbc pH\alue ofthe decjoor.
mal solution ofacctic acid. I Ans.z.t7J

2. A0.05 N solution ofaceticacid is found to be 1.97,
ionized ai 25'C. Calcutate (0 Iq for aceiicacid and
(r'i) thc pH ofthe solutioD.

I Ans.u) l.E x 10-l (ri) 3.02231
3. Calculatc the pH value of a solution of 0.1 M

NH, (K5 = 1.8 x lo-5)
I ars.1l l2l

2. Amount ofacetic acid dissociated
= 0.05 x 1.9,u 100 = 0.00095

.. Concs. at equilibrium :

ICH3COOHI = 0.05--{.00095 M.

[cH3coo-] = [H+] = 0.00095 M
3. NH3 +H2O ar NHa+ +OH-

4. A sample of sour milk was fouDd to be 0.1 M
solurioD of lacticacid CH3CH (OH) COOH. What
is the pII of the sample of milk ? I(, for lactic acid

at 25"C is 1.37 x 10-4.

| ,. .2.431
5. Calculate the pH of 0.15 M solurion of hr?o-

chlorous acid HCIO (Ku = 9.6 x l0-7).

I 3.421

Kb

.. [oH-]

lH+l

? ROBLE M I FO R rif?:RAe- ",,lili
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TYPE V OIl the calculatlon of
pH of rnrrtures ol acldr and bases

t l.lx.\\ll'1.1, l. What woLtl(l be tfu pH of a

solution obtoinedby tnlin| 100ln|o10.1 N HCI dnd
9.9 ml ol 1.0 N NaOH solution ?

Solutlon. Vol. of 0.1 N HCI taken : 100 ml

Vol. of NaOH mixed : 9.9 ml of 1.0 N
:99mlof 01N

. . Amount of HCI left unneutralizEd
: (100-99) ml of 1.0N = 1mlof0.1 N

As the total volume of the solution aftcr
mixing : 100 + 9.9 ml = 109.9 ml = 110 ml, it means

rhat 1 ml of 0.1 N HCI has been diluted 110 times

.'. Conc. of HCI in the solution after mixing
: 0.1/110 = 9.09 x l0-4 M

As HCI completely ionizes as

HCI + H2O +H3O+ + Cl-
.. [Hro*l = IHCII = 9.09 x 10-1M

pH = -log [HrO+l
: - log (9'09 x 10-a)

= - [og9.09 + Iog 10-a]

=- [0.es46 - 4l

= 3.0454 = 3.05

Alt€rnatlvely' 1m ml of 0' 1 N HCI

= 100 x 0.1 milli eq. = 10 milli eq.

9 9mlofINNaOH
= 9 9 x 1milli€q. = 9 9millieq,

. . HCI left unncutralized
= 10 - 9'9 = 0'lmillieq.

Volume of solution = 100 + 9'9 : 109 9 ml

.'. Normality of HCI in resulting solution

= 0.1 
= 

0'l 
= O.m x 10-1 N109.9 110

=9 09x lo-4M

1. Calqrlate the PH of a solution obtained by mixing

50 ml of 0.2 M Ho with 49.9 ml of 0.2 M NaOH
solution

[ tu,s.3.699]

2. C€lculate the PH of a solution obtained by mixing

equal volumes ofN/10 NaOH and N20 HCl.

[,i ns 12.39E]

, EXAIVIPLE z.Colculate the PH of a solution
obtaineil by miing equal vohunes of the sofutions
with pH = j and PH = 5.

pH = 3means[H+l = 10-3 M and
pH [H+l = ro-5 u. On mixing equal
volumes, in the final solution,

lH+l =(10-3 + fi-\/z

= 0.505\xad-3 M = s otsx io-a lr.t

:. pH = - log (5 05 x 10-) = + -rO 76133

I l\ \\ I l'Lla -l.Equal vohtmes ol soltttions witlt
pH : 4 and pH = 10 ure m*ed. Calculate the pH
ol the resulting soh.tion ?

Solutlon. pH = 4 mean-s IH+l = l0-a M and
pU = ro meani 1H+l = 10-ro'M

or [OH-l = 10-1 M. Thu-s they will exactly
neutralise each other andpH of the resulting solu-
tion will be = 7.

. EX Ai\ tI'I,I1 .1. Ca lculate lhe pH of the sohttion
obtained by miing 100 cmt of solution with pH = 3
with 4!N cm3 of solution with PH = 4.

100 cm3 of solutionwithPH =3con-

tains H+ = ffi ,, ,, = 10-a mole

400 cm3 of solution withpH = 4 contains

H.=#x400=4x10-5mole
Total H+ = 10-1 +4x 1o-5

=1o-1 (1 +o'4)=14x1d.
lbtal volume = 500 cm3

.. [H*] = ,_1#,L x looo M

=2 8x 10-1 M
pH = - log(2.8 x 10-1)

= 4 - 0'4472 = 3'55

3. Calc-ulaic thc PH vsluc of I mixture cf,rtoinlnS 50

ml of I N HO and 30 ml of 1 N NaOH solutioD'
assuming both to be completely dissociated.

I Ans. 0.602U

( A 50 rnl lolution of ?H = 1 is mixed with 50 ml
solution of pH = 2. What will be the of the

mixrurc ? I .1 261

MS FCR \; :
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0 05 I eq. of HCI vrill neutralise 0.05 g eq. of
NaOH.
... NaOH left uDneuiratised = 0.05 g eq.

Volume of solutioo = 2 L
. . CoDceotration of NaOH in lhe final solurion

- $, ", l-r = 0.025 N

lNaOHl =[OH-] = 6.625 Y = 2.5 x 10-2

.. [H:O+] - 1o-ra t (2'5 x lo-2)

-4 x10-13M

4. In the mixturc, [H+l = 1tg-t + 1O-2) / 2

-ol'-o.orr=5.j x ro-2

pH = - log(5.5 x 10-2) = 2 - o.14 - 1.

1.49 9 Drlof0 2M NaOII will neutralise 49 9 mlof
0 2 M HCI. Hence HCI left uoneutralised = 0.1
ml of 0.2 M. volume after mHing = 99.9 ml
- loo ml. Hence applying N1V1 = N2Vr,

0.1x0 2=Nzx 100 or N2=2x 10-4. In the

finalsolution, [HCl] -2 x lo-1M
r:e. [H3o+] =2x 10-aM.

2. Suppoce I L of N/10 NaOH is mixed wirh I L of
N20 HCt.

I L of N/10 NaOH contains NaOH
I

=mgeq.=0 t Seq.

I L of NZI) HCI coDtains HCI

=;seq.=0.059eq.

TYPD YI. On the calculatlon of
pH ofrrater frolrr lts ionic product

. l.lX.\i\ I t,l,l,l. fhe valueoJK*is 9.55 x i0-14 at

s certain temperafiirc. Cslculate the pH oI water at
thk temperorure.

Solutlon. Here we are given
K*,=9'55x10-u

Now, as for water [H3o+] = [oH-]
. K, = [H3O+] [OH-l

= [H3O+l [H3O+l = [H3O+12

i.e. [H3O+12 = 9.55 x 10-r{

or [H3O+l = Vr.55 
" 

10-"

= [H3o+] [oH-l
= [H3O+l [H3O+I=[H3O+F

= 3.09 x 10-7 M
pH = -log [HrO+]

= - los (3.09 x 10-7)

= - uog3.09 + log 10-71

= - [0.4e _ 7l: 6.s1.

l. The i?lue of K* at a ccrtilin temperature is

6.25 x 10-14. Calculate the pH ofwater.

I r.ns 6.6021]

2. Thc ionic producl of sater at 310 K is

2.7 x lo-ra. what is the pH of neutral vater at
this temperature I (NC.E.R.T) [ Ans.6.7t]

TYPE ML On the otlculation of H+ loD conc.

or OH- ion conc. or lonizstion constant
(X" or K6) from given value ofpH.

Calculste the HrO+ ion con-
cefltrqtion oI a solution haing pH 6.58.

Solution. pH = - log [H3O+]
.. log [H]O+l : -pH

= - 6.58 {pH = 6.58, given}
.'. [H3o+l = antiloc (-6.58)

= a\tilogl.4z
= 2.63 x 10-7 g ions/ltre
Calculste the mass of HCI to be

disso the solution so lhat is pH value
is 1.3

pH = _ log [HrO+]

FORDIFFICULT TR.OOLENr',S
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.'. log [H3O+l = -PH : - 1301

lH3o+l = antilog (- 1 301)

= antiloc (r.699)

= 5.0 x 10-2 g ions/litre

But [H3O+l ions are obtained from HCI by its

complete ionization as

HCI + H2O 
-, 

H3O+ + Cl-

.'. HCI = [HjO+l = 5.0 x 10-2 M

Molar mass of HCI + 36.5gmol-l
..5.0x10-2MHCI

= (5.0 x 10-2) x 36.5gof HCI/lire

= 1.825 s/lifte
l,:X\XIPt.l'l 3. How many grams of NaOH

must be dissolved in one litre oI the solution to give

it a pH value of 12 ?

pU = -log [HrO+]
.'. log [H3O+l = -PH = -tZ
''' [H:o*l = antilog ( - 12)

= antitog (12)

= 10-12 g ions/litre

But we know that

lH3o+l [oH-] = K,, = lo-u
K, 10- 11

toH-l =t"p=l =,=t
= 10-2 g ions/litre

Since NaOH is a strong electrolyte, it under'
goes complete ionization as

NaoH ------------' Na+ + oH-
.'. [oH-] = [NaoH] = 10-2 M

Mo. mass of NaOH = tl{)

. . Amount of NaOH dissolved per litre

= 10-2 x +0 :0.4g
. I,-\ \1tt'1.1. ) The pH of a solution obtdined

by dissolvirtg 0.1 mole of an acid IIA in 100 ml oI the
qqueous solution was lound to be i.0. Co.lculate the
dissociotion constant of the acid

S,S!tt!!9-tr. pH = -log [H3O+l
.. log [HrO+] = -PH

= -3.0 [PH : 3 0, givenl

or [H3O+] = antilog (-3)

= 10-3 g ionslitre

= 0.001g ion4itre

Original conc. of the acid HA : 0.1 mole in
100 ml. = l mole/litre

HA dissociates as

HA +H2O <"r H3o+ + A-
Initial conc.: 1M 0 0

Conc. at
equilibrium: 1-O.001M 0.001M 0.00lM

.'. Dissociation constant (K) will be given by

lHlo+l lA-lv : -:----=-------,.. 
[HAI

0.001 x 0.001 10-6=-=t0-51 - 0.001 1

(Neglecting 0 001 in comparison to 1)

?RO?LE'M I F,C R iFiRA6,lilil,.6',8 "
1. Calelate the H3O+ ion concentration ofa solution

hsvlng a pH of 10.6. [Ans. zS12 x 1011 Ml
2. The pH of blood serum is 7.4. What is the hydrogen

ion concentration of blood Eerum ?

[['rs.4 x 10-t Ml
3. Urlne has a pH of 6.0. If a paticnt ellminates 1300

ml of urine per day, how many gram equivalents of
the acid he eliminates Per day ?

IAnr. 1.3 x 10-'8 
'qulvrlcn6]

4. A ssmple of ftesh apPle juice has a PH of 3.76.

5. L€mon juice has a pH = 2.1. lf aU the acid in lemon

is citric acid (H Cit. <---\ H+ + Cit-l) 8nd X!

fur citric acid b 8.4 x tO-' mole/itre, lYhat is thc
conctntration of citric acid in lemoniuice ?

[.\lls.7.! x 10-2 MI
6. Calculate the dissociation constatrt of an acid, I M

solution of whicb has a pH vslue of 4.

[.rrrs tO-ll
7. The pH of 0.1 M solution ofsn organic add ls 3.0.

Calculate thc dissocistton coNtant of thc acid.

l.tus. 10-'1calculate [H+]. Ians,1.74 x l0-'l
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t. 0.01 M solution of an organicacid is found to have
a pH of 4.15. Calc.ulate the conc€ntratior of the
anion, the ionizrtioo constant of the acid and its
PK.' 

I n!ls. [A-l = 7.0E x 10-3 M,
IL = 5.0E x to-1, pKo = 6.29l

9. The pH ofo.005 M codeine (ctsH21NO3) solution

is 9.95. Calculate its ionization caNtant aodpKD.

and its dcgrce of ionization in rhe solution.
(N.C.E.R.T.)

I u,s K, = 2.09 x 10-4,.z - 0 0{s7l

11, Calculate the hldrogen ion concenration in the fol-
lowing biological fluids whce pH are g rn below :

(4) HumaD muscle-fluid, 6 83

(b) HumaD stomach fluid, 1 2

[ \,,..K, = l 6 x 10-6,pK, = s.tl (c.) H-uman blood,7 38

10. ThepHof 0.1Msolurionof cyanic acia lucNo; 
(d) Humansaliva'6 4 (N'cER'7:)

is 2.j4. Calcutate the iooization constanr ofrhe acid | \r',.(a) t 46 x t0-7M(r)0.063(c)4.17 x t0-8M
(d)398x10-71

3. pH - 6 0 means [Hro+1 - 19-6 Y

ie. IAcidl = 1s-6 Y = 1g-6 P
Thus 1000 ml of lhe urine coDtain acid

= 10 .8 eq.

. . 1300 ml of the urine will contain acid

= 1.3 x 10-6 g eq.

5. pH = 2.1ie. - Ios [H 
+] 

= 2.1

or log [H+] = - 2.1 -1.9
or [H+] = 7.943 v 16-:

HCit + H+ + Cit-l

K. = r"ilE:ii_,r

8.4 x 10-4 _ (7.943 x 101(7_.943 x 10-1

or [HCit] =? s x1o-2M
5. pH = 4 mcals [H*] = 1o-o M

HA+H++A-
Ar eqm 1- 10-a - 1M t0-1M 10-4M

O_ 
to-ax1o-a=ro-a

7. RCOOH <=- RCOO- + H+

lH+l - [Rcoo-] - ,o-, M 
1... ,u = ry

lRcooHl - 0.1 - 1o-3 - 0.1 M

K, = rR?RoCo#rfl.| = 
1o-3 x-10-3 - ,o-s.

t. pH = 4.15 means - Iog [H+1 = 4.15

or log[H+]= -4.15=5 85

or [H+] = 7.08 x 10-5 M

HA + H+ +A-
Hence al equilibrium

IH+l = tA-l = 7.08 x lo-5 M
-= 7.1 x 10-5 M

IIIAI = (0 01 - 7.1 x l0-5)
= (0.01 -0 000071)M =0 009929M

q = IH+l IA-l

_ (7.1 x lo-5): _ 5.08 x l0-7
9 Y29 x lo-r

PK, = .-loBK,= -log(5 oE x:o-7)=6 29.

9. Codeine + water 
=:=+ 

codenium ion + OH-
From given pH, [H+] = r.12 x 1o-10 M

.. tOH-l = K-l[H+] = r.e3 x 10-5 M

K, = rBiJSoJf_r

(8 93 x lO -5)2
1.6 x 10-6.

r0. HCNO i.l H+ + CNO-
pH = 2.34means - tos IH+l = 2.34

or log [H+] = - z ?,4 =a.66
or [H+] = Artilog 3.66 - 4.5? x 10-3 M

lCNo-l = [H+] = a,57 v 1e-r Y

q - (4.5? x l0-3d.(4 57 x l0-3) * z.oe x to-1

=,/z-ii][:ii -o.ust.
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YPE vul. pH
acld or alkali

LX,\-\1lr.l
solution.

Calculate the pH of 10-t M acid

!qlu-tiq+. Note. At the lirst instance, it ap-

pears that as IH+l = 10-8, therefore pH should be

8. But pH cannot be 8 but should be less than 7

because the solution is acidic. The reason is that
Irom Hro, [H+l = 10-7 l'I which cannot be

neglected in compa son to 1O-8 M. The pH can bc

calculated as follows :-
From acid, IH+l = 10-8 M

From HrO, [H+] = 10-7 M

.. Total [H+l = 10-8 + 1O-7

= 10-t (1 + 10)

= 11 x 10-E M

.. pH = - log [H+l = - log (11 x 10-8)

= -[og 11 + Iog 10-t]

=-[1.M14-8]
= 6'9586 = 6'96

Calculate he pH of 10-ro M
NaOH solution-

Solution. [OH-l from NaOH = 10-10 M

IOH-lfrom HrO = 10-7 M

Total [oH-] = 10- ro + 1o-7

= 1o-7 (10-3 + 1) = 1.001 x 10-7 M

.'.pOH= -log(1.001 x 10-')

= 7 - log 1'001 = 7 - 0'0004 = 6'9986

or pH = 14 - 6.996 = 7'0ffi4
'lYI'll IX pll or dilrtlion

'. I An acid having pH = 6 is
es. What will be the pH of the final

solution ?

pH = 6 means [HrO+] = 10-6.

After diluting 1000 times,

[H3O+l = 10-611000 M = 10-eM.

.. [H:O*l ftom HrO cannot be neglected.

Total [HrO+] = 10-e + 10-7

= 10-7 (10-, + 1) = r0-7 (1 .01)

:. pH= - log(1.01 xt0-7)=7-0 0043

= 6 9957.

. 1..\ \\l l'l-l,l l.,l cnt3 of 0. 0 1 N HCI is added to

one litre oI sodium chloide solution. Wat will be

the pH of the resulting solution ?

Solution. As NaCl solutionis neutral, itsimp-
ly dilutes the HCI solution from L cc to 1000 cc.

Now [H+l = 0'01/1000 - 10-5 M

.'. pH = 5.

3. The pH of a solution is 5. Its hydrogen ion c.D'
c€ntratioD is increas€d 100 times. What is the PI{

1. 1o-6 M NaoH solution is diluted 1000 times cal-
culatc thepH ofthe dilutcd base.

I,\u\ 7.04541

2. Whatwill be thePH ofthe resulting solution if to a

100 ml of HCI solution ofPH = 1 0, 900 ml of
distilled water is added 'l

HINTg

of the resultifl8 solutiou ?

I 201

FOROIFFICUUT ?ROOLEM-9

[/\ns. 3.01

1. After dilutioD, [oH-l - 1g-a y. HeDcp [oH-]
fiom H2O cannof be ncglccted.

2. l0O mlba! bccn dilutcd to lfi)O mt. Hencc dilution

= 10 timcs. Now [H+1 = 16-t 7 19 = 16-z y

.. pH=2
3. pH = 5 means [H+] = 10-5 M. on iocreasing 100

tinres, new [H+l = 1o-3 M. soPft = 3'
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i. For a neutralsolution,pH = 7 at 298 K (25'c). With increase in temp€rature, as dLssxiation of HzO molccules

incteases ie. [H 
+ 

] and Iotl - ] increa,se, so the ionic product iocreases with increase of remperature. Fur(bcr,
as IH+] increases, pH decreases with increase of temperature.
A few interesting results are given beloff :

(i)Ar273K(0"C),K,=10-l5sothaipHofneurratsotutionarthrsremperarure=T.5andpHscaleis0to
15.

(ir) At 333 K (60"C), Kl/ = 10-13,pH of neutral solution = 6 5 andpHrangeis0to 13.

(rr) At the temperature of the human body which is nearly 37.C,pH of neurral solution = 6.8.
i pH values of a few clmmon subsEncEs are given bclolv :

Saturated NaOH sol.

0lMNaOHsol-
Lime water, Ca(OH)2

Sea water and white of egg

Human blood and'Ibars

Mrlk

Humao saliva

- 15 Black coffee

13 Tbmato juic€

10.5

Milk of magnesia, Mg(OHh l0

Vinegar and Soft driDks

Lcmonjuice

Gastricjuice

1 M HClsol.

Croc. HCI

7.8

7.4

6.8

6.4

5.0

- 4.2

-3
- 2.2

- 1.2

-0
- - 1.0

, .r. pH is invcrsely related to the acidity ofa solutioD..4r acidiry incrcascs,pH decreasqs.

i L PH of the solution of a weak acid or a weak base depends upon its degree of ionizrtion (a). The relatiooship
may be derived as follov.s taking the example ofweak acid IIA

HA ._r H++A
Initialconc. C

Conc. at eqm. C(l -a) Ca Ca

lH+l=c" :. pH= -togtH+l = -rogCo. Bur Iq= aoz o, g=I\taz
pH = - tog (Ko/ a)

g.10.1. Delinitlon and ExamDles completely in rhe aqueous solution. If the acid

s atr ffiatssk ts dgacd a rhe prow in.whieh, $sL::"lT:l-ijlTffi1#:r:i:1$,t:l
sab rM tcllh vabr ta gire ba* lle ulil atd th i.

8.'l 0. Sa lt Hydro lysi s tl;st:tii,is.I,#?:,11l*,i+;ir,!rrii&!::+iiil:r:ir;;:]

bme.

Salt + Water ---r Acid + Base

. or BA + H2O 
- 

HA + BOH
Salr Watcr Acid Basc

Thus salt hydrolysis mqt be considered as
re vers e of n eutalization.

All salts are strong electrolytes andthusionize

B+ +A- + H2O --. H+ +A- + BOH

or B+ + H2O ------+ H+ + BOH

Thus, in this case the cation reacts with water
to give an acidic solution. This is called cationic
hydrolysls.
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, Again, if_the acid produced is weak and the
oase produced ts strong, we can write

. B+ + A- + H2O ..._.. HA + B+ + oH.-
'-,"" ot A- + H2O ....-| HA + OH-

. .-, H:r:, the_aniotr reaits with warer to give the
trasrc sotution. This is called anlontc hydro-lysis,

_ L Salts ofstrong acids and strong bases :
Exanlples are :

NaCI, NaNO3, NqSO4, KCl, KNO3, IqSO4

- - . 
As an illustration, let us discuss the hydrolysls

of NaCI. We may write :

- 
lll. Salls of strong aclds and weak bases :

b,xamples are :

NHaCl, CuSOa, NHaNO3, AICI3, CaCI2 ctc.

-As 
an illustration, the hydrolysis of NH.CI

may be representcd as follows :

NHaCI + H2O i.-----\ NHIOH + HCI
or NHo+ + Cl- + H.o ,

NH4OH+H++cl_
or NHo+ + H2O .._ NH4OH + H+

,_ . 
As it produces H+ ions, the solution ofsuch a

salL ls actotc ln character.

. 
[Y Salts ofweak acids and weak bases : Ex-

amples are :

CH3COONHI, (NHa)2CO3, Alpoa etc.

.As an illustration, the hydrolysis of am-
monrum acetatc may bc represcntcd a.s follows :

cHlcooNH, + H.o -_---...\

cH3cooH + NHIOH
or CHTCOO-

Thus it involvcs
hydrolysis.

+ NH4+ + H2O ....-

CH3COOH + NHIOH
both anionic and cationic

NaCl + HrO_-r NaOH + HCI

or Na+ + Cl- + H2O-...-

Na++oH_+H++Cl_
or H2O ----- H+ + OH-

_ ll. Salfs of weak acids and strong bases ;Examples are :

CHTCOONa, NqCOr, KrCOr, NarpO, etc.

_ 
As. a-n _illustration, the hydrolysis of sodium

acetate (CHTCOONa) may be represeoted as fol_
lows :

CH3COONa + H2O -==-\ CH,COOII + NaOH

or CH.COO- + Na+ + HzO F_
CH3COOH+Na++OH_

or CH,CC)O* * HrO -------r

cH3cooH + oH_

. As it produces OH - ions, the solution of such
a salt is alkaline in nature.

... Thc resul(ing solution may bc neutral ordightly acidic or bisic depending upon the relativc
ocgrees ot tonization ofthe rveak acid and thc weak
Dasc produced. In thc prescnt example, thc acid(CHTCOOH) and the bisc (NH4OH) formed ar.
almost c_qually wcak. Hence the resulting solution
rs ahost neutral-

-_. .qrr*. Hydrolysis constanr. Thc general
equarron tor the hydrolysis of a salt (BA) -may 

bcwrrtten as

BA+ O n---\ HA + BoH

. Applying thc law of chemical equilibrium, weget

lHAj [BoHl
IBA[Hrol = K. the equilibrium constant.

-, Since wate is present in very large excess in
tne aqueous solution, its concentritiorilHrol may
be regarded as constant so that we have

[HAl [BoHl--lBAl-=KlH2ol=K'
where K6 is called the hydrolysis constant.

Neu) Coqrsc Cheruistrg
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8.103. Degr€s of Eyrlrolysls. The degree of
hytuolysis oI a salt is defined at he fraction (or
percentage) oI the totql salt which is hydrolysed.

i.e. h =

8.1 1. Calculatlon ot Hydrolyelr Constant, 01916.
ol Hydrolysis and pH o, Sah Solutlonr x,,,1,,ri

As already explaincd, salts oI strong acid and
strong base do not undergo hydrolysis, therefore to
talk of K, or h of such salts is meaningless. The
cases of the other three types of salts are discussed
below :

I. Salts of lyeak acid and strong base ;
(a) Hydrolysis constant. Representing the

salt by BA as usual, the hydrolysis may be repre-
sented as follows :

BA + HzO . - BOH + HA
salt srrong weakJ t-

or B+ + A- * HrO.-rg+ + OH- + HA

i.c. it is a casc of anion hydrolysis.

The hydrolysis constant Kn for the above rcac-
tion will be given by

Kr, =
toH-llHAl

tA-l

(D) Degree of Hydrolysls. Suppose the
original concentration of the salt in the solution is
c moles,{itre and i is its degrec of hydrolysis at this
concentration. Then we have

A-+HzO+OH-+HA
Origioal
molar conc. c 0 0
Molar conc.
at equilibrium c (l - h) ch ch

The hydrolysis constant (Kr) witl, therefore,
be given by

,, toH-llHAl ch .ch chz
" tA-l c(l -/r) t-h

IfI is very small as compared to 1, we can take
1 - /r = 1 so that the above expression becomes

chz = Kh or tr2 =t!c

Substitutiag the value of K,
(rv), we get

/,=lF

pH= -log[H+] = -log

= -r"* (55)'"

G)

...(iv)

from equation

.-(v)For the weak acid HA, the dissociation equi-
librium is

HA + H++A-
.'. The dissociation constant I of the acid

HA will be given by

lH+l tA-l
K' = --lllAl "'(ti)

Further the ionic product ofwater, q is given
by

K- = [H+l [oH-l ...(r,,

. _ .Multipllng equation (i) wirh (,r) and dividing
by (iii), we get

Kr, L IoH-l tHAl [H*] lA-l
K* tA-l " lHAl

(c) pH. In the present case, we have

A- + H2O s-) OH-+HA
Originalconc.: c 0 0
Cooc. at eqm.: c (1 - r) ch ch

i-e., [OH-l = cl

.. tH+l - 
K" 

- 
K*

tOH-l ch
Substituting the value oft from equation (v),

we get

rH.t=?q
lH*l =

1,X-:l
tHrl IoH-1

( \'.



,u = - ] itocrv + logKo - togcl
(D) Degree of Hydrolysis. Proceeding as in

the earlier case, we get the same relationship vJz

This equation may be rewritten as

p" = lI- log \ - log K, + log cl

pH = +bK- + pKa + los cl

At 298I!pK. = 14.Hence at298 K, we have

I

pH =7 + i [pK" + logc]

Thus knowing the molar concentration c of
the solution and the dissociation constant K, ofthe

weak acid involved, the pH of the solution can be

calculated.

Il. Salts of strong acid and weak base :

(a) Hydrolysis constant. For the salt BA, thc

hydrolysis may be represented as

BA + H2O + BOH + HA
sak Wcak Slrong

Ji
or B+ + A- + Hzo i-----r BoH + H+ + A-

or B+ +H2o + BoH +Ht
i.e., it is a case of cation hydrotysis.

The hydrolysis constant K, will be given by

lBoHl lH+l|] - :__------:-:----! ...(yii)Nn - [B+l
For the weak base BOH, the dissociation

equilibrium is

BOH i.------: B+ + OH-
.. The dissociation coostant K, of the weak

base BOH will be given bY

lB+l [oH-] ...(viii)r.D' 
IBOHI

The ionic product ofwater, K*, is given by

KY = [H+] [oH-l

Multiplying equation (vii)
dividing by (u), we get

K, Kr
*- ='

...(ir)

with (vr'ii) and

Substitutiug the value of Kr, from equation (r),

we get

(c) pH. ln this case we have

B+ + H2o <----s
origiDal conc: c

Conc. at eqm: r (1 - l,)

...(rr)

BOH + H+
00
ch ch

i.e., [H+l = ct
Substituting the value of I from equation (.8') ,

we get

,H.'=c €=rs=(Yj)',,
:. pH=-log[H+l =-,"rf5t:'l 

'"
'l *',l

eu = - lloev*- log K, + log cl ..,(.r'r)

As before, this equation can be rewritten as

eH::bK*IpK6 + loscl

At 298 KPI!" = 14. Hence at 298 K, we have

pH=1-)@rr+toe"l

III. Salts ofweak acld and urak base

(a) Hydrolysls constart. Representing the

salt by BA as before, we have

BA + HzO <.---\
Salt

I
B++A-+H2o 1r noH + ua
i.e., it involves both an on hybolyis as well es

cttion hy&otysis. Witing the various equatioEs as

before, we have

BOH + HA

G)

Pradeep's
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__ [BoHl [HAl
.,,, _ 

[B+l [A_]
For the weak acid,

HA i- H+ + A-,sothat

Kt=h2

0

x
0
x

...@ii)

-.(nv)

...(:v)

...(rvO

(.riv), (xv) and

...(xyri)

- [B+lloH-l
,.b _ 

IBOHI
Also, we know that

Kl, = [H+] [OH-]
Multiplyi'rg equations (rii),

dividing by equation (rvi), we get

Kr, & Ka
=1

For the weak base,

BOH <- n* + OH-, so that

(c) pH. For the weak acid HA,
HA 

-r 
H++A-

lH*llA-l

or [H+]=,..#l- =K";T*6

=r t.1-h
But from equation (xviii),

f7 = r'( to tr'at we have

tH*l=K,/q =x,/Rk
-.ffi-Y-K-

pH=-log[H+l =-l"s\ry
, , t/2. lK"K-l=_,*l , 

,l

or pH = - j tr"c r" + log re - log Kol

or this equation may be written as

K,/

(b) Degree ofHydrol;nis.In this case, we have

B+ + A- + HrO <-------\ BOH + HA
Original cc 00
@nc. :

Cono. c(1-lD c(l-r) ch ch
at. eqln. :

__ tBoHl [HAl.y - [B+][A_]
ch.ch *

= cTl : h\.;0 - D = 6r;5 -'1"''r
Here, the relationship between K, and i does

not involve c. Thus rhe degee of hydmtysis of uch o
ralt is indgpendent oI the concentralion of the solution.

If /z is very small in comapri-son to 1, we can
takeL-h = 1so that equation (.rvr'ii) becomes

f \ \\ll,t.t.t .t. Calculate the hydrolysis con-
stant, degree of lrydrolysis and pH of 0. l0 M KCN
solution at 25'C. For HCN, Ko = 6.2 x t0-10.

As KCN is a salt of strong base and
weak

Hydrolysis constant,

-- K* 1O-1.IC = d = 6,'-fd=1a = 1.6 x t0-.

p.J=7+)Wx"-IiK,l
"';,2e8K;i;"

Degree of hydrolpis,

The hydrolysis reaction will be
CN- + I{rO i=:= HCN + OH-

Initial cM
Ar eqIIL c---+

(r = No. of moles of CN- reacted)

n=.&,= (ru)
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IHCNIIOH-l rxr *K,,=-,6fi=t -=,_,=;
nr, = & x i = v(r.6 x r0-5) (o.l)

=126x10-3
i.e. [oH-l = t'?5 x 10-3

K- 10-14. tH'l = toH-l = t r6x lo-3
=1'94x10-12

pH = - log [H+] = - log (7 94 x 10-1'z)

= 12-0'90=11 1

l,l\,{i\ I I't.|.. 2. Calculate the pH of 0 }0 M
sotution olNHoCl. Tlrc dissociation constant (K) ol
NHris 1'6 x 10-s.

As NHoClis a salt of weakbase and

strong acid,

K* 10-14*,=il=#=625xr0-ro
The hydrolysis reaction will be

NH4+ + H2o <----r NHi + H3o+

ot NH4+ + NH3 + H+
Initialconc. c M
At eqm. c-x x x

lNHrl lH+l xxx *

or, = q;; = v(6.25,,s-roy x o.t
= 7'9 x 10-6 M

,.e. [H+l = 7 9 x 10-6M
:. pH= -log[H+] = - log (7'9 x 10-6)

=6-0 90=5'10
Alternatively, applying the form.ula directly

1pH=7-ib\+toecl
1

=, -;l- log K5 + Iogcl

1. Whatwould be thePH of 0 1 molar sodium ace tate

solutioD, EiveD that the dissociatioD oonstant of

aceticacidis18x1O-5 gns. t tTl

2. The dissociation constant ofaniline (C5H5NH2) as

a base is 5.93 x 10-10.The ionic product of watcr

ar25"Cis 1 g2 x 10-14 Calculate the Perc€ntage

=, - *- tog (1 6 x 1o-5) + log o 1l

=t -)Us- o.o2o41) - 1l

=510
c l.\\\ll'{ I ''. Calculate the pH ol 0'01 M

solution of NHaCN. Given that the dissociation con'

stonts are: Ko for HCN = 6'2 x 10-10 and KrIor
NH, = 1'6 Y P-s.

!o-!utrglr-. As NH.CN is a salt of we ak acid and

weak ba-se

= 1'0

= /t{?5 'r lo-r'g

-- 6'22 x lO-to
:. pH = - log [H+l = - log (6 22 x 10-ro)

=7O-O79=9'21
Alternatlvety, applying the formula directly

prr=1+lan-o*ol

=7 ++l-log\ + logK6l

= 7 + +F los (6'2 x 1o-ro)

+ los (1 6 x 10-s)l

= 7 + +(fi - o'7s2A) + (- 5 + 0 2041)l

= 9'21

hvdrol,rsis of aniline hvdrocbloride in I 0N solution

a[ 25'6. Aso calculaic therH of the solution.

[rrs.0 415%' 2 3El

3. At 25'C, the ionisatio[ coNtant of anilinium

hydroxide is 4 6 x 10-10.'Ihking ionic Product of

water as I r 10-11, catculate (a) hydrolysis con-

6"2 y 16-ro;66-rr
1.6 x 10-5

Pradcep's
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H lNTg FoRotFFtcuvr rr.oeuevs
K,, to-I1,. xr=d=;ffi=s s6 x ro-ro tt=tKli =,/;2r-l1_rr 1ni

CH3COO- +H2O (r CH3COOHrOH- = fi " 16-lo = 
' 

36 x l0-5

toH-l = ,f;, x c 1ou-1 = 'rqr- = {-i" rotl lon+;

=C;;=q,.", ='t.46x 10-6- =r's 88"10 d =e 42x1o-1

1u*r=ffi"=r34xK-e *"=;tlill,l?::'"1,

pH- -ros(r.34 x r0-e;-e-6 127 ,.,r,,ll,l",ilJ?'i.;l';l,oi,=*.1,11",",,,,0
= 8 8?3 : E.87 strong acid, Hence

of the salt. [,\rs (a) 2.17 x l0-s
(b) 3.29 x tO-2 1c; l.tS;

4. The iooizatioD ooDstaDt of Dirfous acid is

4.5 x tO-4. Calculate rhepH ofO.M M sodium
nitrite soluiion and also its degree of hydrolysis.

(N.C.E.R.T.) lAns.pIJ=7.h,a = z.:e x ro-!I
S. A 0.fi2 M solution ofpyridine hldrochloric haspH

= 3.214. Calculate the ionization constant of
Pyridine. N.C.E.R.T.) [,\ns. I .5 x 10-rl

2. Anilire hydrocbloririe lcrHriUrCt-) is a salr of
weak base (c6H5NFI2) and strong acid (HCl).

', 
Kr, 1.02 x 10-la

^r=X;=rOffi=t72xto-s
CuHrNHr+ + H2O=- C6H5NH2 + H3O+

or CaHTNI Ir+ ;=::i CHTNH, + H+

or 4.15 x tO-3 x1N% = O.4t5To

[H'f = v1, x c =Y t.72x l0-5 x 1.0

= 4.15 x 10-3 M
pH = - log(4 15 x 10-3; = 3 - 9.616

= 2.382 - 2.38
4' *, = x-tx" = to-14,/(4.5 x 10-4)

stant of irniliDium chloride (D) the degree ot
hydrolysis aDd (c)pH vatuc of0 2 nrolar solution

6, Tho ioDization coostant of chloroacctic acid is

I 35 x l0-3. What will he rhepII of 0.1 I\,t acid
aod irs 0.1 M sodium salt solutioD.l (N.C.E.R.,I)

[.\ur 1 94, 7 94]
7, C.alcularc thepH of0.05 M sodiunt acerate solu-

tion rfrhepK, ofaccric acjd is 4.74. l..\!rj t.721
t. The pK.a of aceric acid and pKb of aD]moDiunr

hydroxHe are 4.76 and 4.75 respcclivcly. Catculal(
the hydrob6is constant oi amntoniurrr acelare ar
298K and also the degree ol h)ctrol).sis an(lpl I ot
(a) 0.01 M and (r) 0.04 M sotutrors.

l.\us Ki = 3.25 x 10-5,1 = S.7 x 10-3
sndpH = 7.00S (s6me in hcth coscs)l

pu = - j tros x- - tos KD + tog cl.

i.e. 1.44 = - it- ,o - log KD + tog (2 x t0-2)J

or 6.88 = t4 + tog K6 + 1 .7(l

or log K, = - 8.82 = 9.t8

or K6 = 1.5 x 10-e.

6' tH+l = vR; x c

=V1.[, 10-, 
" 01 = 1.16 x l0-z

pll = - log (t. 16 x l0-2)
=2-006=1.94

Sodium salt of chloroacetic acid is a salt. of strong
base and weak acid. HoDce

pn = - | lroU x,, + log Ke - los cl.

8. First calculate Ks and K6. Then

K6 = Kpl(Ka.Kr) ardh = tK;.= 2.22 x 10-ll
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8.12. Acid-base Tilration Using lndicetor

8.12.L. Delinitions

tion), prccipitation titrations (e & Nacl vs AgNO3),

nvolving formation of
take uP abriefdiscus-
in aqueous solutionsTltrallor is the measurement ol the volume of

t

;
f

volume of ono solution that must be added to
another solution till the reaction is complete, lftts

so concentration
of aratus used is

sh of the solution

is the helP o[ a

Dinelte) and the other solution is tukun in [h':

Lr.irette'which is graduated in cc's and has a stop-

clock at the bottom to control the amount of flow
into the flask. The solution to be titrated (taken in

the flask) is called titrate and the solution with
which the titration is to be done (taken in the

burette)
required
the other
two is ca

t.122. Theory of Acid-Base Inallcators
(Ostwatd's theora). According to this theory

(2) They dissociate in aqueous solution as

follows :

H+ + Ph- ...(i)
(Color.tlesr) (Pink)

Me+ + oH- _.(ii)
(Red) (colourlas)

FIGURE 8'2. Apparatus for titration

Thcrc arc many t,?cs oI Iitrations such as

rcdox titrations (involving tlxidation and reduc-

tion), acid-base iittrations (involving ncutraisa-

The unionized form has one colour and the

ions have differeot colour. For example, HPh is

colourlesswhile Ph ions have pink colour. Similarly
MeoH has yellow colour while Me+ ions have red

colour.

red.
Phenolnhlhulein cqnnot ba us?d us indicator il

the buse is weak e.g NH.OH. This is because the

oH- iom produced from the weak base are in'suf-

ficient to ihift the equilibrium (i) towards right

substantially. Similarly, nrcthyl orange is .not .a-

iuitable indicator if thi ucid is wesk\ke acetic acid

BURETTE

STOPCOCK
TITRATION
FLASK

SOLUTION A

only.

al34
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(CHTCOOH). This is because the H+ ions
produced are irxufficient to combine with the
OH- ions and shift the equilibrium (ri) towards
right significantly.

8.123. pE at the End-Point of Acid-Bas€
Tltrations. One often assumes that the pH at the
end point ofan acid-base titration must b;7. How-
cver, we must remember that what we have at the
end point is an aqueous solution ofa salt formed as

litration curves of strong acid against strong basc
(e.9. HCI versus NaOH), weat acid against itrong
base (e.g CH3COOH versus NaOH), weak basE
against strong acid (e.g. NH.OH versus HCI) and
weak acid against a weak base (e.g CH3COOH
versus NH.OH) arc shown in Fig. 8.3(a), (D), (c)
and (d) respectively. The point at which there is a
sudden chalge inpH when a very small amount of
the titranr is added to the titrate is called point of
lnllection.

I
o

1

1

1

pH

t
I

o

pH

1

o

i

Volume of NaOH added in mt Volume of NaOH added in mt

METHYL RED COLOUR
CMNGE MNGE

Volume ot HCI add6d in mt
Volume of0.1N NH4OH added in mt
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To understaod howpH changes during acid-
ation of 50 0
solution.The
lutionmaybe

Initiallv. as the solution taken in the flask is

0.1MHCiiH+l = 10-r, pH = 1 0. After l0 mt

of 0.1 N NaOH has been added, it will neutralize

10 ml of O'1 N HCI so that HCI left in the solution

= rl0 ml of 0' I N and total volume of solution = 60

ml. To calculate normality of HCI in the final solu-

tion, apply Nrxvr=N2xv2 i'e 0'1x40=N2x60

or N2 = 0 '0667 N or 0' 0667 M

i.e. [H+l = 6'OZ x 10-2 M'

Hence PH=118.
Similarly, when 20, 30 or zl0 ml otc. of NaOH

solurion have been added, the corresponding pH
values can be calculated as given in Table 8 5' Upto

the addition of 49'9 ml of 0'1 N NaOH solution,

the following general formula can be used to calcu-

late normalitY of HCI or [H+l
/so - ,\Normalityol HCl= iffil xo l=lHrI

rvhere u is the volume of 0 1 N NaOH solution

added.

When 50 ml of 0' 1 N NaOH solutioo has becn

adde AII
the a aCl

only. has

sudd

Further addition of oven a very soall amount

of NaOH solution (say 0'1ml) increasos thepH of
the solution very rapidly. This may be seen as fol-
lows : -

Now, volume of the solution

= 50 + 50'1= 100'1ml

0' 1 N NaOH solution left unneutralized

= 0'1 ml

To calculate normality of NaOH in the final

solution, applY

N,Vr = frlrYrl.r.0'1 x 0'1= N2 X 100'1

or N2 = 10-4 N or 10-4 M

i.e. [OH-l = 10-1 M.

Hence [H+l = 10-10 orpH = 10'0' Similar-

ly, [OH-] and hencc [H+l orpH can be calculated

wirLn noie of NaOH solution is addcd' In general,

normality of NaOH solution and henco [OH-l can

be calculated by applying the formula
/,, - sq) x o.r MlNaoHl = loH-l = lsoTrl

8.5. Thus it maY
.9 ml of NaOH
geby three units,
ange of six units.

solution is added from thc buette.

E.12,,1. Selectlon of a sultsble lndlcator' The

indicator used should be such that it shows change

in colour in the same pH range as required around

the equivalence point. A number of indicators are

avaihLb for the entire pH range. These are given

in Thble 8.6. below.

tAitl,E $.5. titration 50 0mIof0' lNHCI
sith0INNaOHsolution

PII

0.0

10.0

20 .0

300

,IC,0

490

49.9

500

50.1

51 0

60,0

700

1 .00

118

137

1.60

1 .96

300

4 .00

700

10.00

11 .00

1196

t2 22

VolumeofO l NNaOH
solution sdded
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their coloul. changes

Methyl violet

Methyl yellow

Methyl oran8e

Bromocresol
greeD

Methyl red

Litmus

Bromotbymol
blue

Phellol red

Cresol red

Thymol blue

Phenolphthalein

Thymolphthalein

Aliza rin yello$,

Tlinitrobcnzene

o-2
12-2.3
3. 1--4.5

3.8-4.6

42-42
4.5--€.3

6 0-7.5

6.4---4.2

7 .2-8 8

80-96
8 3-10.0

9 ,3-10.5

10 1-12 0

12 0-14.O

Ycllow

Red

Red

Yellow

Red

Red

Orange

Ycllo

Yellow

Yellow

(hlourless

Crlourless

Yello$/

C.olourlcss

Violet

Yellow

Yellow

Blue

Yellow

Blue

Blue

Red

Red

Blue

Red

Blue

rfiobt

Orange

T.A.RLE 8,6. Common acid-base indicators arrd

From the titration curves, it rnay be observed
that

(i) For titration of a strong acid against a

strong base, any indicator out of methyl orange,
methyl red and phenolphthalein can be used to
determine the end point.

(ri) For titration of weak acid like acetic acid
against a strong base like NaOH solution, only
pheoolphthalein is a suitable iodicator.

(iii) For titration of weak base like NH.OH
again-st strong acid like HCl, onlymethyl rcd canbe
used as an indicator.

E,12.5. To prove that for the colour change
pKrrrror. = pH at thc equlvalcnce polnt

As already meotioned, acid-base indicators
are weak orgalic acids or weak organic bases. Sup-
pose we consider an indicator which is a weak
organic acid. Let it be represented by HIz. In
aqueous solution,it dissociates as

HIz (aq) <-: H+ (aq) + h- (aq)

HIn and In- have different colours. The equi-
librium constant for the above reaction is

?. _ lH+llln-l,\ln _ 
lHLrl

The exact point of the colour changc will be at
thepH when lHDrl = [In-1. Substituting thisvalue,
we get

Krn = JH+l or - Iog K,n = - loe [H+l

i.e. pKr" = ?H

Thus for a particular, tittration, the indicator
selected should be such for whichpKrn = pH ofthe
solution at the equivalence point. For example, in
the titration of HF with Naotl, pl{ at the
equivalence point is 8.1, pKr,, for cresol red is 8.1.

Hence cresol red should be uscd as indicator in this
titration.

E.12.6. Explanation ofthe pH range of2 units
of indicators. From Table 8.6, it may be seen that
most of the indicators have a useful colour change
over apH range of 2 units. For example, the most
common indicator, phenolphthalein, changes from
colourless to pink in thepH range from 8.3 to 10.0.
This solves the problem for the fact that we maynof
have an indicator for whichpK,n is exactly equal to

the pH at the equivalence point. Thc cxplanation
for thepH range of 2 units is as follows :

For the indicator HIn,

HIn (44) <- H+ (aq) + ln- (aq)

HIn and In- have dilfcrent colours. The equi-
librium constant is

,, - lH+llln-lK'' =' tiinl- "'(')

Our eye can detect the change in colour if the
concentration of one ofthe colourcd form is at least
10 times greater than the concentration of the
other. Thus (o see lhe acidic colour

lln-l _ 1

[HInl l0

and to sce the alkaline colour

lln-l _ 10

[HIn] - 1

Rearranging eqn. (i), we get

rH+l = ffiT Kr"

Indicator pII.range Acidic
colotlr

Alkallne
colour
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.. For acidic colour to be visible

lH+l = 10 ..<r.

or - log [H+] = - log 10 - log K1n

i.e. pH = p\r - L

For alkaline colour to be visible

.t
Is.l = ra K,,

or - log [Htl = log 10 - log Kr"

i.a. PH = P\, + 1

Thus for colour change of an indicator

pH=pKrn!l

i.e. pH runge for colour change is from
pKr" - l topKr. * li.e. aprl rarge of 2 units.

E.12.7. Calculation ofp\ or pI( values from
pH of equiyalence point. ThepK of a weak acid or
weak base can be determined from the measure-
ment ofpH at the equivalence point from the titra-
tion curve. For example, for a weak acid, HA

HA + H++A-

_ _ lH+l lA-l

or rH.l=1X+K,

or - Iog [H+] = - toC K, - l"g tH
i.e, pH = pKo- Iog I!41

tA-l
The half-equivalence point is the point in the

neutralisation at which one half of HA has been
neutralised in the reaction

HA + OH- # HrO +A-
At this point, tHAl = IA-l
:. pH = pKo - log 1 =pK,.
Thus at the half-equivalence point (half-

neutralisation)

pH = pK,

8.12J. Formula for calculatlon of volumetrlc
ana$rls. The basic principle is that the reactatrts
reac* with each other in equivalent aEounls.

Suppose the two reactants involyed arc A and
B. Fbrther suppose V1 cc of the solution ofreactant

A having normality N, react exactly with V, cc of
the solution of reactant B having normality N2.

Number of gram equivalents of A reacted

N.
= -":-': X Vt

Number of gram equivalents of B reacted

N2
=Im* u,

As the reactants react in equivalent amounts,

Nt xVl N2 xVz
1000 1000

NlxVr=N2XV2 (,)

This is called normality €quation.

In terms of molarities, as

Normality of an acid (\)
= Molarity (MJ x Basicity of the acid (n,)

and Normality of a base (Nr)

= Molarity (Ma) x Acidity of the base (n 6)

the equation \xVa = NlxVo can be written as

noMoYo = n5MoY5 (,,)

Thus ifboth acid and base have same basicity
and acidity i.e. na = ,rr, we can write

M"V,=M5V5 ...(I1r)

Equation (ii) and (iii) are called molarity
equations. These equations may also be uritten
as

n, M, V, = nrMrY,

and MtV, = M2Vr.
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, l_ IDdicators used iD different titrations
Type oftitrotion lndicatot uted

(D Strong acid vs strong base Phenolphthalein or Mcthyl oraDgc or Methylred,
Bromothymol and thynolphrhalein

(iD Weak acrd vs slrong base Phenolphthalein and 'l'hymotphthaleio

0ir) Strong acid vs weak basa Mcthyl orange or Methyl red and Bromocre,lol green

,,i2. U[iversal indiclton Il is irn]D(tureofa nun'rber ofindicators which shows colour changes over diffcreot pI-I
ranges

pH:246 810 12

GreeD Blue PurpleColour : Red OraDge Yellow

8.13. Solubilhy Equilibrium and Solubility Produci Similarly, the solubility products of BaSO4,

If a sparingly soluble salt like AgCl is stirred Al (OH), and Car(PO)n may be represented as
rvith water, only a small amount of it gocs into
solution (and makes the solution saturated) while
most of the salt remains undissolved. But \yhatever
little amount of thc salt dissolves, it gcts completely
dissociated into ions. In other words, when a spar-
ingly soluble salt is added to water, there cxists a
dynqmic eEtilibitut between the undissolved solid
salt and the ions which it furnishes in solution.

At equilibrium thc solid AgCI continues to
dissolve at the same rate at which the opposite
process ofprecipitation takes placc. Th us, thc eqr,i-
librium can be rcprcsented by a reversible equation
as shown belorv :

Dissolution
AgCI(s) \-J AgCl (aq) \=

Precipira(ion

Ag+ (qq) + Ct- (aq)
or we may write directly as

Ag Cl (s) ;-r ee* kq) + Cl- (aq)
Appllng law of chemical equilibrium, we have

._ [As+l lct-l
tAgcll

Since concenlration of the undissoiiated solid
remains almost constant, wc may wr;te

lAs+l [cl-l : K x [Agcl] : Ks,

where \, is callcd solubility product and is equal

toionicproduct [Ag+l [Cl-] tbrasatxraredsolu-
tion.

BaSt\ (s) <J Bo'* + SO?- ;

(o = [na'z+1 1srlo2-;

Al(oH)3 (s) + Al3+ + 3OH-;

\p = [Al3+l [oH-13

Ca, (POo), (.r) .* 3Ca2+ + 2PO3o- ;

\o = [ca'?+13 lnol-12

In general, for any electrollte,\ By, the equi-
librium may be represcnted as

A, B, + -rAI+ + /Br-
Thus the solubility product for A, B, may be

written as lto = [er+y x [Br-],
where.r and y represent the number of ions in the
formula of the elcctrollte. Thus

The values ofsolubilityproducts ofsome com-
mon sparingly soluble salts are listed in the follow-
ing table :

SolubiuE product oJ an elearolytc



Salt ri.p is"rr I K*

AgCl

/\gBr

AgI

Ag2CrO4

A!"SO.

A82CO.r

BaSOa

BaCrOa

IJaF2

CaS04

CaqC)4

CaF2

CaCO3

Oa(Orl)2

Cu(OU)2

.,u(oH)3

lre(OtI)3

MS(oH)2

Pb(()t l)2

l 8 x 10-lo

5,0 x 10-13

B 3 x 10-17

l.l x 10-12

1.4 x 10-5

8 l x 10-12

l 1x 10- 10

1.2 x l0- lo

1.0 x 10-6

9.1 x 10-6

4.0 x l0-e

5.3 x 10-e

2 8 x l0-9

55x10-6
2 2 x 7O-7o

1 3 x 10-33

1 0 x 10-38

I 8 x lo-ll
1.2 x l0-lJ

SrSOa

SrF2

SrCO3

cds

CUS

Hgs

MrS

Nis

Pbs

SDS

Zus

Fes

CuCl

H82Cl2

Pbctz

PbF2

PbB12

PbI2

Pbs04

3.2 x 10-1

2.5 x 10-e

t I x 10-10

8 0 x 10-27

6.3 x 10-36

4 0 x t0-53

2 5 x 10-13

4.7 x 10-5

8.0 x 1o-28

1.(l x l0- 25

1.6 x 10-24

6.3 x 10-18

1.7 x 10-6

l 3 x 10-18

16x10-s
77x10-8
4.0 x 10-5

?1xl0-e
1.6 x 10-B

8l40

'lAItt,D 1t.7. Soiubility products ofsome com-
mon sparingly solutrle salts at 29t K

Dillerence Detween Solubllity Product anil
Iouic Product. Both ionic product and solubility
product represent the product of the concentrations
o[ the ion-s in the solutioq each raised to the power

equal to the numbcr of ions as represented by the
dissociation of oue moleole of thc substance. How-
ever, they differ in the following two aspecLs :

(i) The term ionicproiluct has a broad meaning
since it is applicable to all t),pes of solutio\s, may be

utlsohrated or safiuated. C)n the othcr hand, the

solubility produc't h:di\ reslrictcd memhg since il ap-

plie\ o,tly to a satlqqted sohttioninwhidl there qists a

dynarnic eEiDbr tm between he undis;qJ-u3d salfand
tle ions prcsat in sotrfi'on. Thus the solubility product
is in fact t[E.ro-nicTnsduct for a saturated solution.

(ii) The solubility product of a salt is constanl

at constant temPerature whereas ionic product

depends upon the concentrations of ions in the

solution.

Neul Course Cltemistrg

of Solubitity Product. The
product of a sparingly soluble salt at a
temperature can be calculated from a
of the solubility of the salt in water at

that
the i

icular temperature. This is illustratedwith
of the following examples :

7'1rc solubility of AgCl in water
be 1.06 x 10-s motes per litre.

the sohtbility product of AgCl at this

. AgCl ionizes completely in the

AgCl ----------- Ag+ + Cl-

= l'44 Y. lO-holes/litre
.'. tMd*l = 7 44 x lo-a moles/litre

and [OH-] = 2x1.44x70-1
= 2.88 x 10-a moles/litre

.. \rforMg(oH), = tMg'?+l IoH-12
(BY dehnition)

= G.44 x 10-1) x (2.88 x 10-4)2

= 1.194 x l0-rr

r'.e. 1 mole of AgCl in the solution gives I mole
of Ag+ ions and 1 mole of Cl- ions.

Now, as the solubility of AgCI
: 1.06 x 10-s moles per litre

,1 [AC+l = 1.06 x 10-5 moles/litre

and [Cl-] = 1.96 x 10-5 moleVlitre

r'. K.o for AgCl = lAg+l [Cl-]

= 1.1 x 10-lo
. Er,rrtt'1.t.- :. I'he sohtbility oJ Mg(oH)2 is

835) x 10-3 gllitre at 290"c. Find out its K,pat this

temryrafi$e.

Sotutlon. Mg (OH), ionizes completely in

the {olution as

Mg (OH), -""""'- Mg*' + 2OH-

.' [Md+l = ltvtg (oH)rl

and IoH-l = 2 x [Ms(oH)21
But Molar mass of Mg(OH), = 58gmol-l

.'. [Ms(oH),I= *##P
8'352 x 10-2

-58
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l. C€lculate the solubility product ofsilver bromidc if the solubility product coosiant at roonr tempera-
the solubiliiy of the salt iD saturated solution is ture. (At. wt. : Pb = 20'l, Cl = 35.5)

8141

.5.? x tO-7 noles,4itre. l,rr. 3,25 x 1o-13; [\rs 3.09 x 10-a]

A saturated solution of sparingly soluble lead 3. The solubility of lead iodide in water is 0.63 Mitre.
chloride on analysis was found to coDtaiD 11.84 Calculate the solubility product of lcad iodirle. (At

Mitre of the salt at room temperature. Calculate massofPb = 207,I = 127) [.tDs, 1o-81

2. Solubility of Pbclz

= rurjl$rr3 rnott--l

= 4.259 x l0 'nrol L '

PbCl2...- P5z+ 12 61-,

I! m un ionic equilibrium',{A i- l++B-,
a salt Lwlaining s common ion (e.8. AC ot BD) is
ailded, the equilibrium shifts in the bdckt+ ard direc-
tion. Thit k cnllul commofi iot efect,

Ths results can be easily explained on thc
basis oI Lc Chatelier's principle.

Examples. (i) Acetic acid, being a wcak acid,
ionizes lo a small eKent as [ollows:

CH3COOH <--------\ CH3COO- + H*...(i)

To this solution suppose the salt of this woak
acid with a strong base (e.& CH3COONa) is added.

It ionizes almost completely in the solution as fol-
lows and provides thc common acelale ions

CHTCOONa .......; CH:COO- + Na+

As a result, the concentration of CHTCOO-
ions increases and by Le Chatelier's principle, the
dissociation equilibrium (i) shifts backwards i.e.
dissociation of acetic acid is further suppressed.

(li) To the solution of the rvcak base,
NH4OH, if NH.CI is added which providcs the

commoo NHo+ ions, dissociation of NH,OH is sup-

pressed

NH4OH + NH4+ + OH-

NH4CI 
-NH4+ 

+ Cl-
(iii) To the solution ofsilver chloride in water,

(being a saturated solution because solubilitv of

K? = [Pb2+] [O-]2

= (4.zss x 1O-2) <2 x 4.259 x lO-2)2

=309xl0'

providcs thc common Cl- ions, the solubility o[
AgCl decreases.

AgCl (s) <.----l Ae* @q) + Cl- (aq)

NaCl ------+ Na+ + Cll-
This is again because by Le Chatelicr's prin-

ciple, increase in the concentration of Cll- ions
shifts the equilibrium in thc backward direction i.e.
some solid AgCl separates out. Similarty, solubility
of lead iodide (Pblr) in rvater decreases if Kl is

added to it.
Thus'common ion etlect'may also be defined

as follorvs:

Il to the soltttion of a b,eflk electrubte (e.9. &cetic
acid or ammonia) , whi.h ionizd la a sn4U &enl,
a strong eledrotllc hr.

which ionizes alnust
a common ion k added

lhg$e\k
the ionizattun ol
rased. Similorty,

if to the solution of a solthle salt (like
AgCl, PbI2etc.), iI a common

ion ir ailded, tfu sotubiliry of lhe sparingly tohtble
sal further decreues.

Remembcring that the solubility product of a
salt is constant irrcspective of the source ofthe ions,
thc solubility of a sparingly soluble salt in the
prescnce of a soluhle sall having common ion can
be calculated. (See solved example 3 on page of
8t44).
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'?-R9:?"t.1;.:E|V.9,., @r!s;t trlnuRNclt ot,'c'ot\tNloN r()N rirt.'t,tc'r' ()N
DDGREE OI,- IONISATION oI.' ACII)S AND I]idS IiS

phenate ion in 0.05 M solution olphenol ? Whqtwill
bc its degree oI ionization if the solution is also 0.01

. - [H+l [x- |

tHxl
is constant at constant temperature irrespectivc of
tho source ofH+ or X- ions. The degree o[ioniza-
tion is given by

d = 'f(rt (Refer to page 8t10)
rvhcrc c is the molar concentration of HX. How-
cvcr, degree oI ionization is affected iI extra H+ or
X- (liom any other source) are present.

Similarly, for a base MC)H (MOH <-
N{+ + OH-) the ionization constant Kb is constant

aI constant temperature irrespcctivc o[ the source
o[ M+ or C)H- ions. The degree of ionization is
given by

a = 'IRJV
However, degree of ionization is affected if

extra M+ or OH- (from any other source) are also
present.

oJ iotrization if its solution is 0.05 M. Wst will be its
degea of ionizution if the solution is 0.01 M in HCI
&lso ?

M in sodium phenute ?

Solution.
C.H.oH

tnitial d oi pr 
-After disso. 0.05-r

(N.C.E.R.'r.)

C6H5o- + H+

xx
K"=::x = r.o x ro-ro (civ(n)' (,.o5 - x

_1

ut =1-=10x l0-lo
u.05

(Taking 0.05 - r : 0.05)

or l=5x10-12 or x=2.2xlO-5.l,{
In presence of 0.01 CuHrC)Na, suppose y is

the amount of phenol dissociated, then at equi-
librium

[C6H5OHI = 0 05 -, :0 05,

lC6HsO-l = 0.01 +) - 0.01 M,[H+] =yM

K. = qT050 = 1'o x to-lo (Given)

or Y=5X10-10
v 5 x 10-lo.'. q =L = "=" i" =- = 111-r.c Jxl(,'

IIS- iotrs in its 0.1 M solution and how tyill this
concentration be affected if the solution is 0. 1 M in
I{Cl qlso ? If the second dissociation constant ol
HS is 1.2 i t0-t3, calculate the concenrration if
52- under both conditions. (N.C.E.R.T.)

Solution. To calculate IHS-]
HrS i- H+ + HS-

Initial 0.1M
After disso. 0.1 - -r x x

:0.1

K- =',x'= 9.1x 1o-E" 0.1
or f=97x10-e or r=9.54 x l0-5.

(N.C.E.R.T,)

Sglllgl. As already discussed on pagc 8/10

o = ,IK.Jc
f--------------'

=Y (1.32 x I0-5) x 0.05 = t.62 x t0-2
( HICH?COOH . CHTCHzCOO- + H+

-
In presence of HCl, equilibriun will shift in

the backward direction i.e. concentration of
CH3CH2COOH will decrease. If c is the initial
concentration andr is the amount now dissociated,
thcn at equilibrium

[CH3CH2COOHI = c -:,
ICH3CH2COO-I =x,[H+l =0 01 +-r

. k. _x(0 01 +-r) -x(0 01)
" (-x c

, L 1.32 x 1o-5
=132xl0-r- c 001 l0-r

a=l32xl0-'-
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In prescnce of 0 1 M HCl, suppose HrS dis-

sociatcd isy. Then at equilibrium

[HrS] =g'1-y:O t,

lH+l = 0.r +y:0.1,[Hs-l =],M

K,= x 1O-8 (Giyen)

or Y=9'1x10-tM
To calculate [S2-]

K
HrS . - H++HS-

K\
HS- =-r H+ + 52-

For the overall reaction,
H2S .-r 2H+ + 52-

ln the abssnce of 0.1 M HCl,

[H+] = 2ls'?-l
Hcnceif lS2-l =.r, [H+l = 2r

tr+= r.oszx Lo-2o

or 4f = 1.192v 16-zr
or I =0.273 x 10-21 = Z73x 70-21

3logx = logTl3 - 24 = 2 4362- 24

logx = 0'8127 -8=8.872:7
or .r = Antilog 8.8127

= 6.497 x 10-8 = 6.5 x 10-8 M.
In prcsence of 0. I M HCl,

suppose [S2-] = y, then

lHrsl = 0 1 -y :0 1M,

lH+l = 0.r +y:0.1M

K, = fo lli'Y = 1.oe x 10-20

y=109x10-reM.
=7 092 x"10-20

,, _ lH 
+ 

12 ls2-l
lH,Sl

P-Rpib.L.EM5 FOR
1. The pKa value of acetic acid is 4.74. Calculate

& = K,, x &, = s't x 1o-8 x l'2 x 1o-r3

degree ofionization of 0 05 M acetic acid solution.
How is the degree of ionizatioD affected if iLs solu-
tioD is also (u) 0.01 M (6) 0.1 M in HCI ?

[.lrrs. 0.019, (a) 0 001E (D) 0 flX)lE i.e. each case,
It decreases by o factor of10l

2. Calculate lhe de8ree of ionization of 0.02 M
dimethyl amine solution. GiveD that its ionization

coDsiant is 5.4 x l0-4. What percentage of
dimettryl amine is ionized if the solution is also 0.1
M in NaOH ? [.\ns 0 164,0 00541

o'u',f 
'= '''

1. pKo = 4.74 eals-togKa=4.74
ot log Ka = 5.26

or &=18xtO-5.
,a =,tRJc =/l € " to-s?o{5

=19xl0-2=0.019.
Further proc€ed as in solvcd example 1.

2' . =,tfrZZ ='lS+rto-rro.tn =o.rc1

In presenc! of0.1 M NaOH, ifr is rhe amount of
dimethyl amine disseiated.

lMoHl = 0 ()2 -rs0.02M,
[oH-; = g 1+r:0.l,lM+l-rM

= 5 .4 x 1o-1 (Given)

r=108xl0-aM

"=i=to?-tio-o=ooos+.
8.15. Applications ot Solubility

Produd and Conrnon lon Eflect

Some of the inportant applicaiions are dis-
cussed below :

(1) Calculatlon of solubllity of sparingly
soluble salts. Knowing the solubility product of a
spaingly soluble salt a( any given temperature, we
cau very easily calculate its solubility.
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Thc relationship botween solubility (r) in
nrol L- 1 and solubility product (\r) depends upon

lhc rlrrlure of the salt. For example,

(i) For salts of the type AB (e.g. AgCl,
BaSOo, PbSOo, AIPO. etc.)

AB $4+ a 3-
JJS

Kre=[A+] [B-] =5 v5 =52
(il) For salts of the type ABz (e.8.

PbCIr, CaF, etc.)

2+
AB, <--l A+28-

sr?5
K,, = [A+] [B-12 =, x (2 s)z = 453

Similarly for salts of the type A2B (e.9.

AgrCrO., AgrSO. etc.) also, I!, = zls3.

(lii) For sal(s o[ the type AB, (e.g

I'c(()H)r, Al(OH)3 etc.)

K,, = s x ($)3 = 27sa and so on'

I;\.\!IPLIj t . Tlrc solubility product for silver
chlotide is 1.2 x tl-to s! 29E K. Calculote the
.t(rlubility ol r-illYr "hloidc ot 298 K.

Solution. Silver chloride dissociates accord-
ing to-ihe-e[iration
AgCl (s) + AgCI (aq) + Ag+ (oq)+Cl- (aq)

Let s bc the solubility of AgCl in moles per
litre.

Consequently, the molar concentration of
Ag+ and Cl- will also be.t each. Substitutiogin the
oxpression for solubility product ofAgCl

rqP = [As+l [cl-]
= sxs= s2

Btrt \p = 1.2 x 10-to (Giten)

'" * = 12x10-ro

or r = y'l r; 10-rt

= l 1x l0-jmolL-l
. IIXAI\IPII, 2. Lead. cltloide has a solubility

pto(htct of 1.7 x l}-s 298 K. Calculate its
:ohtbilily ol tltis temperatltre.

Solution. The solubility equilibrium for
PbC irepresented as:

PbCl, (s) .r Pbz+ (aq)+2Cl- (aq)

Let the solubility of PbCl, be s moles/litre.

Then the solution will contains moles of Pb2+ ions
and a' molcs of Cl- ions respectively per litre.
Hence, the solubility product, Ilo of PbCl2, would

be giveo by the expression,

K,e = [Pbr+l [Cl-F
=s x (2s)2 = 4s3

But the vlaue of Kp=1.7x 10-5 (Given)

4t'= 1.7 x 10-s

" 1.7 x 10-sor e ='';'" = o 425x10-s

or r= (0.425 xtl-s)t/3
= (4.25 x to-\vl

Let x = (4.2rr4
. . log.r = l/31oe4.25 - LB (0.6284)

= 0.2095

r = Antilog0.2095 = 1.620

Hence s = 1.620 x 10-2 mol L-l
ir\ \ill'l i.. 1 7'1rc solubility product oIAgCl in

wqter is 1.5 x 10-10. Calculate its solubitity in
0 01 M NaCl aqueous solution. (Roorkee 1995)

Solutlon. As NaCl dissociates completely,
therefoie-in d-.01 M NaCl solution, [Cl-] : 0.01 M

lf solubility of AgCl in 0.01 M NaCl solution
is s mol L-1, then from AgCl that dissolves,

[AC*] = [Cl-l = .1 pol 1-t
.. Total [Cl-] =0 01 +s=0'01 M

\o for egcl = IAs+l [Cl-l
=rx0 01 = 0'01s

.. 0'01s = 1'5 x 10-ro

or i=l5x10-tM
, ' \ ! ! '1 i Whol is tl& minimunt volunrc of

wdter reEtired to dissolve I g o[calcium sulphatc ot
298K. For calciunt sulphate, Krp = 9' I x l0-o.

(N.C.E.R.r.)

Solution.

CaSOa (s) <J Ca2+ (aq) + SOf,- (aq)

If s is the solubility of CaSO, in moles L-t,

4r= 1ca'?+l x lsol-l =r'?

or ,=r'K;=/t1 ,10*

thbn
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Thus for dissolving0.411 g, water requirccl =
7L

.. For dissolving 1g, water requircd
I

= 0.4,' L = 2.43 L.

"RAe? 
!-g:.M5 FOR. e E..t ... ., '

calculate the solu bility of silver chloride ir waterat 4.5 x lo-ze respccrivel),. Also calculillc rhcroom temperature if the solubility producr or molarltles orttiir in,tivldual ioos.Agclis16x10-10 
[,\ns sohrbility ofAg2cron = 6.5 r 1,,-sn,

[.\]rs l'26xlo-5mol L-ll 
MolarityofAg+=1.30xr0*4M

If solu bility product for CaF2 is 1.7 x 10-10at298 Motarity;fcr;:_ = e.s x to_sNl
K calculatc the solubility in mol L-1. solubility ofHgrl, = 2 2{ x l0-r0lV

I rn' 35x10-a] 
Motarity of Hgl+ =2.2{ xl0-r0N,l

How many moles of AgBr (\p = 5 x tri-t: Molarity of I- = 4.4s x l0_roMl
mol-2 L-2; will rlissolve in 0.01 M NaBr solution? 5. The solu bility ofproduct consra nr\ of AS2croa and

I r'r..5 x l0- mol L-ll AgBr are 1.1x 10-12 and 5.0 x 11-13 rcspcc-
Csl@late the solubilities of siker chromate and tively. Calculate thc ratio of n]olirrilics ot rhcir
mercurous iodide in water at 298K Giveo that their sarurated solutions. W.C,E.R.TI
solubility products are l.1x 10-12 and I.\i\.9.151

= 3-OZ x 10-3 mol L-l
= 3.02 x 10-3 x 136 g L-l
= 0.411g L-r

(Molar mass of CaSOn = 136r111or-1,

F O R D IF F IC U LT PRO E} L E I.",{

in 0 0r M NaBr 4.H3r, <- "r:- 
-T3. Suppose solubility of AgBr

= s mot L-1. Then as

AgBr*Ag++Br-
lAg+l = r mol I--l and

'Ibtal [Br-] = o.ol +r-o.olM
Ilp - tAs+l tBr-l

rla5x10-13=sx0.01

K"o=t x (2s)2 =4l3or,r3=45x 10-29,21

or 3log.r = log 4.5 - 29 - tog 4 = - 28.9489
or logr = - 9.6496 = m.3504

or r = Antilog m.3504 =2 24 x tl-to.
5. C€lculate thcir solubilities separatcly atld then c l-

culate the ratio.
or s=5x10-llmolL-l

recipitatlon r€action. ecipitale out or not wircl t\v()
sents the upper limit known conccntration ol.its
ated solution of any er. This is illuslratcd bt,the:
r words,

centration oI ians itt th rulatbn wwds the value

!;Wf,trf,,#:0,,,,1|)urf,.,,oy j,nl,";i,!!ri,l!;,;,',;,,r,;r;,,;;;

Thus, having a knowledgc of solubility (ii1 Equul rohunes of 2 x t\-E Al Bd( lt.,t,hr.
prod uct o[ any sparingly soluble salt, we can predict tionond 2 x l0-3 lt Naz so1.\oltttiou ,tr( /4ir,tl:,
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Solution. (i) BaCl, ionizes complotely in thc

solution as

BaCl' 
-' 

Ba2+ + 2Cl-

[Ba2+1 = [Baclrl =2x10-3M (Given)

NqSOo ionizes completely in the soluticrn as

NqSOn ._ 2 Na+ +SOl-

. . tSOi-l : tNa, SOrl=2 x r0-4 M (Given)

Since equal volumes of the two solutions are

nrixed togethir, therefore, the concentrations of
Ba2+ ions and Sol- ions after mixing will be

IBaz+l= 
2x10-3 = 1o'-rM

anrr tsol-l = ?t#: = 1o-{ tu

.'. lonic product ofBaSo4=lBaz+l [SO?-]

= 10-3 x 10-a = 10-7

which is greatcr than the solubility product

1t x to-101 of BaSoo. Hence a precipitate of

BaSO4 will be forrned.

(il) Here, the concentrations bcfore mixing

are :

IBa'?+l=[BaCl2]= 2x 10-8M (Given)

tso!-l=tNqsoal= 2x 10-3 M (Given)

. . Concentrations after mixing equal volumcs

-, 2 x l0-8
will bc lBaz+ | = ' ^ :" = l0-8 M

and [Sol-l =
2 x to-3 = 10-3 M

.. Ionic product ofBaSO4 =[Baz+] [SO?-l

= 10-8 x 10-3 = 10-11

which is less than the solubility product
(1 x 10-t0). Hence no ppt. will be Iormed in this

case.

!\1\ll'1.1. 2. Whqt is tlv maxinutm cutt'

cenlrqtion of equimolar sohttions of fenous sulphate.

snd sodium sulphide so that when mixed in equal

volunrcs, there is no precipitatiott of -iron sulphide ?

For iron n phide, K", = 3'l x lO-18. 11,1.g.e.n.f)

Pose the concentration of each

ofFe isr mol L-1. Then after mixing

cqual volumes, [FeSOa] = tNarsl = ] rrl

i.e. IFe'z+l = ts'?-l =;M

K,, for Ps5 = [Fe2+] [S2-]

i.e. 6'3 x rn-" --l"i
or *=25'2x10-tg
or r=5'02xlo-eM.

t IiXAllI'l-E 3. The concentrution of rulphidc
ktn it 0 t M HCI solution saiuated with hybogen
sulphide is 1'0 \ 10-1eM. IIt0mLof this solution
is odtled to 5 ntL ol 0'04 M solution of
FISO o, MnCl2, ZnCl, and CaCl, in which solu'

tidns precipitation will take place ? Given K,o for
FeS = 6.3 x 10-18, MnS = 2.5 x 10-t3,
ZnS = 1'6 x IT-a ond CdS = 8'0 x t0-?.

(N.C.E.R.T.)

Precipitation will take place in the

solut hich ionic product is greater than
solubility product. As 10 mL of solution containing
51- ion ii mixed with 5 mL of metal salt solution,
after mixing

ls,-l = 1.0 x lo-le x 
13 = 6 oz,. lo-',

lFe2+l = [Mn2+l = Iz*+l = [Cd2+]

=fxoo+=l'33x'10-2M
. . Ionic product for each of these will be

= [Mr+] [Sr-l

= (1.33 x 1g-z;16 12 x 10-20)

=887x10-22
As this is greater than the solubility product

of zns and CdS, th ereforc, ZrtCl, ar,d, CdCl, solu-

tions wil be precipitated.
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?,B,O,gy,EM,B,,F_O.R

=tiulfl-'=2x10-4M
or ICI-I =2x10-4M
80 nll of l0-2 M AgNOI sol = 100 ml of ? M

Molarity of AgN03 solution in the final solurioD

=80iorrfl-'=s*ro-'rtr

or [Ag+] =8x10-3
.. Ionic product = 1eg+; 1Ct-; = 16 x l0-?

= 1.6 x l0-8 whlch is greater thaD thc solubility
product. Hence ppr. will be formed.

3. In the final solution, [Ca2+] = 0 03 M and

lSOl-1 = O.Ot M. Henoe ionic producr of casoa

= (0.03 (0.01) = 3 x t0-4 which is greater than
Ilp. Henc€ precipitatioD will occur.

l. Predict whether a precipitato will be formed or Dot
on mixing 20 ml of 0.001 N NaCl soluiion with 80
nrl of 0.01 N AgNO3 solution. Itp for AgCl

= 1.5 x l0-lo [_ L tyill be forEed]
2. ll 20 ml oI2 x l0-r tion is mixed wirh

20 nrl of 1 x 10-5 M NE SO4 solution, willa ppt. I .lns.yesl

rorm ? (\.p. Ibr Baso4 is l.o x t0-101 ; '.Nol 5. Fquat votume s of 0.002 M solulions of sor.iruur
J. 0.03 nrolc of Ca" ions is added to a lilre o .0l M iorjareandcopperchlorateilrentixedlogclhcr.

SO?- solurion. Will it cause precipiration ot Will it lead to precipitatioo ofcopper iriiate ?

caso4 ? Ilp for casor =2.4 x 10-5 For copPer iodatc' Krp=? 4 x l0-8'

[ .\r) \.precipitatiotr of casoa will occurl @'C'E'R'T') I turs No precipitationl

H INTO FoRrlFFtcuLT PRor.LEMo
1. Alter Drxin8, total volume of the solution = 100 Dtl 4. ds final volu orc of the solu troll = 1 I_, rhcrc ft)rc

20nrlof 10-3MNactsot = l00mlof?M [Pbz+] =001 M=10-2M
IUolariry of NaCl solution in the finalsolution [Cl-] =0.01 M= lO-2M.

4. PbCt has a solubility product of 1.7 x lO-8.Witl
a precipitate of PbCt form, when 0.010 mole of
lead [litrate aod 0.0'10 mole of porassium
chloride are mixed aDd water added upto
I litre ?

Ionic producr of PbCt, - 1tt2+1 1Ct-12

= (10-2) (10-2)2 = 10-6
which is greater than Krp. Hence ppt. of PbCl2 will
be formcd.

5.2NaIO3 + CuCrOo..- NECTOa + Cu(IO3)2

Alter mixing, [NaIOr] = [lor-]

2 x l0 "----Z- = 10-3 M

lcucroal = 1c"'z+; = ?-If1= 16-: y
Ionic producr of Cu(I03L = [Cu2+] [IO3-F

= 1ro-31116-:;z = 16-e
As ioniu product is lcss than Krp. no precipitalion
willoccur.

j(i) In explaining salting out or precipitation stirring with sodium chloride. The process is calletloflsoluble sal(s. For example, on passing ,salting out,.
hydrochloric acid gas tfuough a saturated solution
of sodium chloride, the concentration of chloride
ions will be increased. This increases the ionic
product of NaCl and the solid salt will be
precipitated.

_ Similarly, soap (which is sodium salt ofhigher
fatty acids)is precipitated out from its solution by solutions, tJre concentration of ions are disturbed
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and in place of K"r, we use the sl,rnbol Qr, fiust as

we use O.in ptacc oIK"). The concept is applicable

even to soluble salts like NaCl exccpt that we use

activities in place of molar concentratious (due to
bigh concentration of their ions). Thus in case of
Na('1.

NaCl (s) sr Na+ (rg) + Cl- (0q)

K,, = [Na+ (oq)l lcl- (oq)l

It tlCl gas is passed through the saturated
solution oI NaCl, Cl- ion concentration will in-
cl cirslj so that Q,, > Krr, In order that Ory may

bccoure equal to K,r, cquilibrium will shift in the

backwarcl direction i.e. pure solid NaCl rvill
precipitatc orlt.

(.1) ln Qualitative Analysis. The separation
ancl iclcntilication ofvarious basic radicals into dil
Icrcnt groups is hased upon

(u) Soiubility ptoduct ptittciple, according to
rvhich 'a prccipitate is formcd if ionic prodlrct is

gr eatcr than the solubility produc('.

(h) Connton ion effccr, according to which'il'
to thc sohrtion oI a rveak electrol)tc (like NHoOH),

r strong clcctrol)'tc having a common ion (like
NHo (ll) is addcd, the ionization o[ the rveak

clcctroly'tc is further suppressed.

A brief description of the separation of basic

radicals into different groups is given below :

(i) Precipitation of sulphides of grottp II'
Sulphides of group II arc precipitated by passing

HrS gas through the solution of thesc cations in

prcsence of dil HCl.

HrS heing a weak electrol)'te ionizes only

slightly, while HCI being a strong electrolrte is

almost completely ionized.

HrS.-2H++S2-
HCI ,H++cl-

Thus the common ion effect takes place. As a

result, tho degree ol tlissociation of lIrS dccreases

su[[icicntly and the concentration of52- ions irr the

solution bccomes very small. But with this lorv con-

centration of S2- ions' the ionic product of rhe

cul.iqns of second group and the sulphide ions ex'

ceeds the very low solubility products of their cor-
responcling sulplrides. Therefore, the cations o[

group Il get precipitated as their insolt:ble sul-

phidcs.

the ca-
are not

se their

(ii) Prccipitation of the hydroxides of group

flightly ionised, whereas NHoCl, being a strong

hectrotye, ionizes almost completely to give a

large concentration of NHn+ ions.

NH4 OH s- NH1+ + OH-

NHoCt 
-.... 

NH4+ + Cl-
D\e to ahe common ion effect, the degree ofD\e lo ahe common aon elecl, tno qcgrgg or

dissociatiou of NH.C)H gets suppressed and hence

th(r concentration of OH- ions in solution
decreases appreciably. But even with thislow conc.

o[ OH- ions, the ionic products of the cations of
group III and OH- ions excecd the low values of
the solubilityproducts of their correspondingmetal
hydroxides. As a result, the cations ofgroup III get
precipitated as their insoluble hydroxides.

On the other hand, cations ofgroups I! Vand
Mg which require a large cooc. of OH- ions due
to their high solubility products will not be
precipitated.

(iit) Pr€cipltation of sulphldes of Sroup IV
The sulphides ofgroup IV are precipitated by pass-

ing HrS through ammoniacal solution of these ca-

tions.

Both H2S and NH4OH, being weak

electroll,tes; ionize only slightly as :

H^s 2H+ + s2-.s-
NH4OH 

=-----\ 
NH4+ + OH-

The H+ ions and OH- ions combine to
produce practically unioniscd molecules of water

H++OH--HzO
As arcsult, the above dissociation equilibrium

reactions get shifted in thc forward direction, so

that the cotrc€Etration of52- ions goes on increas-

ing: Ultima cations of
group IV solubility
products o sulPhides

and hence get precipitated.
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(iv) Prtcipltatlon of Carbonates of Group V
The carbonates of group V are precipitated by
adding (NHo), CO, solution to the solution ofthese

cations ia the presence of NH4CI and NH.OH.
(NH4)rCO3, being a weak electrolyte ionises only

slightly to give a sma[ coocen[atioo of CO!- ions.

(NH4),CO3 <- 2NH1+ + CO3-

On the other hand, NH.CI being a strong

clectro$e, ionises almost completely to give alarge
concentrationof NH1+ ions. Due to the commonion

effect, the dissociation of (NHo)rCO, is suppressed

aud hencc the coocentration of CO]- ions in the

solution decreases corsiderably. But even with this
low concentration ofCOl- ions, the ionicproducts

of these cations and CO!-ions exceed the low

values of the solubility products of their cor-
responding metal carbonates and thus get
precipitated.

However, under these conditions, Mg salts do
not get precipitated as MgCO, since its solubility

product is comparatively high and thus requires a

high concentration of Col- ions for precipitation.

The carbonates of Na+, K+ and NHl+ ions are also

not precipitated because they are quite soluble.

The necessity of addingNH.OH arises due to

the fact that (NH1)zCO3 solution usually contains

a large amount of NH.HCOT. Thus the cations of
group V will form not onlyinsoluble carbonates but
soluble bicarbonates as well. As a result, the
precipitation will not be complete. In order to con-
vert NHaHCCT3 to (NHl)z CO3 , NHIOH is always

added.

NH4HCO3 + NH4OH -.--""r (NH4)2 CO3 + H2O

(5) In fractional prccipitation. Fractional
precipitation is a technique of separating two or
more ions from a solution by adding a suitable
rcactant that precipitates first oneion, then another
and so on. For example, suppose we have a solution
which is 0. 1 M in Baz+ and 0'1 M in Sr2+. When
a concentrated KrCrOn solution is added (o it slow-

ly, Ba2+ ions pre cipitate outirst. Wlren most of the
Ba2+ ions (almost whole of it) have precipitated
out, Sr2+ ions start precipitating out. The reason
for this may be orplained on the basis of their
solubility products as follows :

K,o for BaCrOa = 1 2 x 10-10

K,, for SrCrOo = 3 5 x 10-5

Assuming volume change ofthe solution to be
negligible due to addition of concentrated
KrCrOn solution, [CrOl-l required to start
precipitation of 0. 1 M Ba2+ may be calculated as
follows :

lBa'?+l [CrO?-l = (, for BaCrOa

(0 1) tclo?-l =12x 10-10

or [crooz-l - 1 2I 10-'0 = 1.2 x to-e M

Similarly [CrO]-l required ro start precipita-

tioo of0 1 M Sr2+ can be calculated as follows:

lsl+l [Cr(X-l = K,, for SrCrOo

(0'1)[Crol-] =3 5 x 10-s

or [cro]-l - 3'5] 
-10-5 = 3.5 x 1o-4 M

Thus BaCrOo starts precipitating first be-

cause CrOl- concentration required to precipitate

BaCrC). is much smaller than that required for the

precipitation of SrCrOo.

8.16. Bufler Solutions and Buffer Action :l:i:j,:I,,ij:r,.,,

It is sometimes necessary that a solution of
definite pH be prepared and stored. The preserva-
tion ofsuch a solutionis even more difficult than its
preparation. If the solution comes in contact with
air, it will absorb carbon dioxide (an acidic au-
hydride) and becomes more acidic. If the solution
is stored in a glass bottle, the alkaline impurities
present in glass may dissolve iato the solution and
may alter its pH.

Tlpes ot BulIer solutlors. There are two t)?es
of buffer solution-s. These are :

(l) Solutlons of single substances. The solu-
tion of thc salt of a weak acid and a weak base c.g.

ammonium acetate (CHTCOONH, acts as a

buffer.
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(ii) Soludons of Mixtures. These are further
of two qpes :

(a) Acidic Bufier. It Ls the solution ofa mixture
of a weak acid and a salt of this weak acid with a

strong base (2.9. CH3COOH + CHTCOONa).

(6) Baslc Bufrer. It is the solution of a mixture
of a weak base and a salt of this weak base with a
stmng acid. (e.9. NHIOH + NHICI).

The buffer action of different types of buffers
may be orplained as follows :

Bufier Actlon of Ammonlum Ac€tste Solu-
tlon, AmEoEiuE ac€tate like all other salts, is al-
Eost completely dissociated in the aqueous
solution as follows :

CH3COONH4 , CH3COO- + NH4+

Thus in the solution there is excess of
CH3COO- ions and NH.+ ions.

Whcn a few drops of an acid (say HCI) are
added to the above solution, the HrO+ ions given

by the acid combfue with the CHTCOO- ions to

form weakly ionized molecules of CH3COOH.

CH3COO- *H3O+ .------ CH3COOH+H2O

Thus the H3O+ ion concentration ofthe solu-

tion does not change practically and hence the pH
of the solution remains alrnost constant. Similarly,
when a few drops of a base (say NaOH) are added
to the above solution, the OH- ions given by the
ba*se combine with the NH.+ ions to form weakly

ionized molecules of NH4OH.

NHf, + OH- --- NH4OH

Thus the OH- ion conccntration aud hence
the HrO+ ion concentration or the pH ofthe solu-

tion remains alrnost consant.

On thc contrary, the solution of a substance
like NaCl cannot act as a buffer because NaCl
dissociates completely to give Na+ and Cl- ions.
These may combine with the base or the acid added
to forrnNaOH or HCl. But these ionize comple tely
to give back the OH- ions or HrO+ ions. Thus the

HrO+ ions crnc€ntration of the solution changes

and hence the pH of the solution changes.

Bufler Action
lJt us consider theb
cdntaining CH,CO

CHTCOONa .......- CH:COO- + Na+

...(r,

idnized molecutes of HrO.

H.o+ + OH- 
- 

2H2O

lFro (r)l IGivcn bY the bascl

As the HrO+ ions are consumed, the equi-
llbriurn (i) shifts towards right (according to Le
Chatelier's principle). Thus more of CHTCOOH

dissociates to make up the loss of HrC)+ ions.

Hence the H3O+ ion concontration or the pH of
thc solution does not change.

Buller Action of Basic BuIIer: The buffer ac-
tion of a basic buffer e.g NH.OH * NH.CI may

he explained as follows :

NHoOH dissociates to a small extent whereas

NH.CI dissociates completely in the aqueous solu-

tion as follows :

NH4OH a----\ NH4+ + oH- ...(r)

NH4CI NH4+ + Cl- ...(r'r)

By common ion effect, the ionization of
NHa OH is further suppressed. Thus in the solu-

By'comrnon ion efrect', the ionization of
H3COOH is further suppressed. Thus in the solu-

D, there are excess of acetate (CHTCOO-) ions

d a small amount of HrO+ ions.

When a few drops of an acid are added to the
above mixture solution, the H3C)+ ions given by the

apid combine with the CH3COO- ions to form
eakly ionized molecules of CHTCOOH.

BulTer Action. frrc prow ! of a bufrer sol.ttion lo
resist any change in itr.t pH valte evea when smull
urutunls o! lhe acid or ,hz base are oddel lo it L\

called 'Buffer action'.

Thus the HrO+ ion concentration and hence

pH of the solution remaiD^s almost constant.

Similarly, when a few drops of a base are
added, the OH- ions given by the base combine
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tion, there are excess of NHi ions and a small

amount of OH- ions,

When a few drops of a base are added, Lhe
OH- ions given by it immediately combine with
NH{+ iols to form the weakly ionized NH4OH.

NH4+ + OH- .+ NH{ OH

Thus the HrO+ ion concentration or the pH
oI the solution remains unaffected.

Similarly, when a small amount of an acid is
added, the HrO+ ions given by it combine with the

OH- ions already produced by NH.OH in equi-

librium (i).

Hro* + OH- --, ?H2O
Icivcn by thc acidl [Giv bY (i)l

As the OH- ioos are consumed, the equi-
librium (i) shifts itr the forward direction. Thus
more of NH.OH dissociates to produce more of
OH- ions which makes up the loss of OH- ions.
Hence the OH- ion concentratiotr and therefore,
the HrO+ ion concentration or the pH ofthe solu-

tion rcmains fairly constant.

Note. (i) From titration curves given in Fig.
8.3, it may be seen that some portions of the titra-
tion curves are flat. i.e. the pH of the titration
mixtures changes very little even on adding acid or
base. These portions are generally mixtues of acid
and salt or base and salt. Tbus they correspond to
buffer mixtures.

(i) A solution ol a strong acid (e.g. HCI) ol
reasonable concenaation ( - 0. I M) also acts as a

Dujl'er The acid is completelydissociated and allthe
H+ ions are present in the free form. From the
titration curve, it may be s€en that initial pH in-
creases only by 0.3 even after half of the acid is
neutralized.

Calculation of pH of a bufl€r mixture
(a) For acldic buffer mixturc (Henderson-

Ilasselbalch equatlon)
If the weak acid is HA and its salt is BA, then
HA + H2O <-r H3O+ + A-

BA -----.. B+ + A-

K"= lH3o+l [A-]
IHA]

But [A-l = [BA], therefore

lHAl lAcidl
lH3o+l = K" ffi: rq 

lsrl,l
. (,,)

.. pH = - tog [HrO+l ...(n:r)

= _ rog{ro #itt
lAcidl

= - loS I( - tog 
[Suttl

or ...(rv)

or substituting the value of [HrO+] from eqn.
(i) in eqo. (ni), we get

pH=-logxr-bclH

or pH=p\+rog$J

-lr::r".*t@..r,
It is iateresting to observe that if [Salrl/[Acid]: 10, pH = plq + 1 and if [Acidl/[Sal{ = 10, pH

= p( - 1. Thus if the ratio of the conjugate acid-

ba-se pair is changed by 10 times, pH changes by

=1.
(r) For basic bu[fer mlxturr like

Bou + na, illin!11nanne1
tSaltl

poH = pKb + losffi ...(rr)

lH3o+l : -, lH

As pH + pOH : 14, pH can be calculated.
Altematively, the above equation can be ex-

pressed in a different form as follows :

pH+pOH=L4
or pOH=14-pH
Also pK, + pKb = 74

or pKt = 14 - pK"

Substituting these values in eqn. (vi), we get

1.4-pH=:a-pK.+togf4q-
' [Basel

or pH= pK"-,"tffi(D
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Buffer capacity
No. of moles of the acid or bas€

added to 1 litre of the buffer dn
where K, is the ionization corLstant ofthe conjugate

acid of the base (e.g, io the buffer
NH4oH + NH4CI, NH4+ is the conjugate acid oI
the base NH3 and I! represents the ionization

constant of the reaction

NH4+ (u4) + Hro O <-
NHr (as) + H+ (aq)

Thus for this basic buffer, the above equation
implies that

pn=p\* l"gffi

i.e.l pH = pY1+togiA#ml ...r,o

Buffer capecl$ or BulT€r lndex. It is defined
as the number of moles o[ an acid or abase required
lo be added to one life oI the bulfet solution so as to
chmge its pH by one urir. Thus

' l:xr*lPLE 1. Calculate the pH of a buffer
wlrich is 0' 1 M in acetic dcid gnd 0'15 M in sodium
acetate- Gieen thita lhe ionization constsnts o[ acetic
acidk 1'75 x 10'5, Also catcllate he chanie in pH
of the buffer if to 1 litrebflhe bulfet

(i) I cc of I M NaOH\ore odded

(ii) 1 cc ol I M HA ore added

Assame that the change in volume is negligible.

'!u!L$slutton. pH = pK" + log 
fncidl

= - los (1.75 x ro-j) + louo*E

Change in pH d pH'
Buffer capacityof abufferis maximum wfn the

coocentration of the weak acid and its salt or weak
base and its salt are equal i.e. when pH = pl(o or

pOH = pKu. (Refer to Henderson equation).

Importance of BulIer Solutlons :

(1) In blologlcal processes. The pH of our
blood is maintained constant (at about 7'4) inspite
of various acid and base-producing reactioos going
on in our body. In the absence of its buffer nature,
we could not eat a variety offoods and spices.

(2) In Indusfial proc€sses. The use ofbuffers is

an important pa ofmany industria.l processes, e.&,

(i) In electroplating ;

(ii) in the manufacture of leather, photo-
gtaphic matcrials and dyes ;

(iii) in analltical chemistry ;

(iv) to calibrate the pH metres ;

(v) in bacteriological research-culture media
are generally buffered to maintain the pH rcquired
for the growth of the bacteria being studied.

=(5-0.2430)+o1761
=4 757 +01761=4'933.
(i) 1 cc of 1 M NaOH contains NaOH

= 10-3 mol. This will convert 10-3 mol of acetic
acid into the salt so that salt formed = 10-3 mol

Now [Acid] = 0' 10 - 0'001 = 0'099 M

[salt] = 9 15 + o ool = o'151 M

pH=4.757+rosffi

= 4 757 + 0.183 = 4.9110

PtR-@^i ,9,N ttt ttt..R sot.uiroNs

By Heoderson equation,pH of aD acid buffer is SiveD by

pH =pK, + logffi
Similarly, for a basic buffer

PoH =PK, + ro8#s
pl{ r pOH = 14 Le. pH = 14 - pOH.

),,r."r,

...(vii)pH=pK"+ bcm
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.'. Increase inpH = 4'94O - 4 933 = 0'00'l
which is negligible.
(ii) I cc- of 1 M HCI cootains HCI

= 10:3 mol. This will convert 10-3 mol
CHTCOONa into CHsCOOH.

.. Now[Acid] =010+0 001 =0101 M

[Saltl =015-0 001 =0'149M

... pH = 4.757 + rosfr1#

=4 757 +0169=4'926
..DecreaseinpH = 4' 933 - 4 926 : 0' 007

which is again negligible.
t t,l\ \\ll't i. ) Culculate the PH of s soll ion

obtained by miing 5 mL ol0 1MNHooHtaith250
nrL of 0'1 M NH4CI solttion. Kb lor NH,OH

= 1'8 x 10-5.

S-ohltion.5 mLof 0 1MNHIOH=5x01
millimole : 0 5mil.limole

250 mL of 0 1M NHaCI

= 250 x 0 l millimole = 25millimoles
Total volume ofsolution after mixing = 255 rnl-

){.. lsaltl = lNH4cll = ii; M

n.<
[Basel =[NHooHl =#M

pol = pKu+ r"e#H

= - rog(1.8 x 1o-5) + bc##*
= (5 - 0 2553) + 1 6990 = 6 443'7

pH = 14-6.4437 =7 5563

Note. For more solved examples, see problem
5, page 8/66 and problems 70, 14,24 ar.d 31,
pages8170,7l,74 and 75, given under CBSE-PMT
(Mains) Special and IIT (Mains) Special.

?RACTICE
1 How muchvolume ofo 1 M HAc sbould b€ added

to 50 mL of 0 2 M NaAc solutioD if wc waDt to
prepare a buffer solution ofpH 4 91. GivenPIq

for acetic acid is 4 76. [rrns. 70 92 nll
2, Ho,x much of0.3 M aornronium hydroxide should

be mixed witb 30 mL of 0 2 M solutioD ot aDt-

monium chloride to give a buffer solu tion ofpH 10.

civen pK! for NHaOH is 4.75. [,\r,,,. ll2.SIDLI
3. The ionization constant of formic acid is

1.8 x 10-4. Calculate the ratio of sodium formate
and iormic acid in a buffer of pH 4.25. [.rns.3.24t

1. pH = pKo+ roUffi

i.e. 4.s1= a.z6 + tosffi
o,rosffi=o ts

", fir4$=Antiloso 
1s=1 41

Moles of Salt
M6tes;IAcid- = l 4l

o.2
lTfri x )u o.or.e -or--= = r'4r ot o.mTtlv = I 4l

mm'u
or V = 100.u 1 41

= 70 92 mL,
2.pOH=14-pH=14-10=4

pot=pKb+ bs#H
4 = 4.1s + t.c 

IB"ES

or rogffi= - o.1s =T.2s

o, ffi=0.177s
. Moles of saltre. M6E6TT- = u.l //d

0.2

* g':l =01778 orv=rr2.5mr
mr'' v

3. pK.= - log(1 8xt0-1)=3.74

Iogffi=pU - pK!= 4 2s -3.74 =0.s1.

or lsalt]/[Acid] = Artilos 0.s1 = 3.24.
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I

t pH of a buffer solution does not change on dilution or on keeping for long time or on adding small amounts
ofan acid or a base.

: pH of a buffer changes with temperature because K* changes.pH decreases with increase of tenrperature.

, Buffer solutions can also be obtained by mixing an acid salt and a normal salt of a polybasic acid e.g.

NarHPOo + NarPOo.

How does the degree ofionization ofa weak electrolyte vary with concentration ? Give exnct relationship.
What is this law called ?

Ans a : '/KV-C. It is calted Ostwald's dilution law (K, is ionization constant and C is nrolar concentration of the

electrolyte).

: Classify ench of the following substances into nn ncid or bnse or both and mention the concepVconcepts
on the hasis ofwhich you can do so.

(ir) NH3 G) (iii) Na, co3@O (ir,) CHTCooII (as)

(ri) BF3 (rir') Ag+ (r,iii) cN-

(.v) H2So. (d) Hcot (rt| siF;
Ans. (i) HCI (aq) - Acid (Arrhenius conc.ept and Bronsted - Lowry concept)

(rr) NH3 (g) - Base (Bronsted concept and Lewis concept)

(iii) NqCO, (oq) - Base (Bronsted concept)

(iv) CHTCOOH (aq) - Acid (Arrhenius concept and Bronsted concept)

(v) Co, (g) - Acid (Bronsted concept and Lewis concept)

(vi) BF, - Acicl (Lewis concept)

(vii) Ag+ - Acid (Lervis concept)

(viii) CN- - Base (Lewis concept)

(rr) H2O - Both acid and base l.e. an:photerric (Bronsted concept)

(x) HrSOo - Both acid and trase r.e. amphoterric (Bronsted concept)

(ri) HCOI - Both acid ancl base ie. anrphoteric (Bronstcd concePt)

(rD SiF4 - Acid (Lewis concept)

; r Write down the conjugate aciil and conjugate bnse of

(i) Hzo (i, Hso; (rri) NH3 (ir,) HS-

Ans. (i) H3O-F , OFI- (i') FI2SO4 
' 
SOl- ('ii) NH4+ 

' 
NHt (iv) HrS 

' 
52-

(i) Hcl (aq)

(y) Co, (g)

(lr) Hzo

Q. 4 ecles:

IrNO2' cN-' HCIO4' F-' OH-' C()3-' 52-

,t-

(N.C.E.R.T)
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Ans. NO! , HCN , ClOa , HF, H2O , HCO3- , HS-.

Q. 5. Which of the following nre Lelvis acids ? tI2O , BF3 , H+ , NH.+. W.C.E.R.T:)

Ans. BF3, H+ and NHf (Remenrber that all catioos are Lewis acids).

Q.6 Classify the following into l,ewis acids and [,ewis bases, oll- , F- , It+ , BCl3.

Ans. OH- and F- are Levr'is bases bccause thcy can dooate a pair oI electroDs while H + and BCb are Lewis acids

because they can acc€pt a lone pair of electrons (lo BCl3, B is electron delicient).

lvhich cohcept c6n justify that CaO + SO3 ........- CaSOa is an [cid-lrase reactlon ?

Lewis concept.

Ionization constants Ko for formic acid trnd acetic acid flrc 17.7 x '10-5 and I 77 x 10-5. Whlch acid ls

stronger flnd how many times the other if equimolar concentrations ofthe two are trkcn ?

Ko for HCOOH > K. for CH3COOH. HeDce forDic acld is stronger.

Q.7.

Ans.

Q. r{.

Ans,

Further

(J.9. Fill in the blanke:

A strong acid has a wealc..,....and a weak base has a strong........

Ans. Conjugate base, conjugale acid.

Q.llr. Out of CH3COO- and OH- which is stronger base flnd why ?

Ans, OH- ions can combine with H+ ions nore rea<jily rhan CH3COO- ions can do. Hence OH- is a srollger
base.

(1. ll What will be thepH ofl M N0NO3 solution at 25'C ?

Ars. NaNO3 is a salt ofstrong acid and strong base. Ilencc its solurion will be neutral. At 25'C, irspH will be = 7.

Q. I 2 IIow ls the degre€ of dissociation of a weak b^se related to its molarity ?

A"". 
" = fi;/ C = 

-Ko 
z M where M = nrolariry

Q. 13. What is the elfect of temperature oD ionic product of water and why ?

Ahs. Ionic product of watcr (Iqd) increases with increase of temprature because Iq = [H3O+] [OH-] aDd

dissociatioo of FIzO to Eivc lt3O+ and OI"I- increases with increase of tempemture-

Q. l.l What happens to the idnic product ofwrter i[some acid is added into ttrEter ?

Ans. If remaiDs unchanged.

Q. I5. What ispK, ? What is its value at 25'C ?

Ans' P\e = - los K,, = - log 1o 1a= 14

Q. l6. Whflt are pH ond pOH vnhes o[ a neutral solution flt r temp.rrt[re at which K, = 16-rJ i

Ans. pKl" = pH + pOH- But/Iq = 13. Also, for neutralsolution,pH =pOH. Hence pH = pOH = 6.5.

Q. 17. The ionization constants of IIF is 6.E x 10-'. Calculrt. the ionizatlon consttrnt of the corrcspondllg

--.:: = y'IU = 3.16 rimcs.
Kcttacoou

conjugate hose.

Ans. Kb=Kr,/q= rc-14/(6.8x 10-a; = 1.47 x t0-rl :1 5 x l0-1r

Q. 18. Whst pH do you expect for 10-t M soluti.rn ofan ncid ?

Ans. Clos€ to 7 but < 7. (Refer to solved example on page 826).

KltcoottStrenlth of HCOOH
Strength of CH3COoH

(N.C.E.R.T)
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Q. 19. Predlct the ncidic, boslc or ncutral nature of the solutions of the followlng Eolts :

NoCl, KBn NaCN, NH.NO3, NnNO2, KE (N.C.E.P.r)

Ans. NaCN, NaNOz, KF solutions arc basic

NaCl, KBr solutions are neutral

NH4N03 solution is acidic.

(.) lt) Whot is the differencc Detween ionic prodrct nnd sohtbility product ?

Ans. Solubility product rs the product of the molar conccntrations of the ioDs in a snturnted solution but ionic
product is for any soluiion.

r.r : I When is n precipitote formed whcn solutions of BaCl2 nnd Nn2SOa ore mixed ?

Ans. wher in the fiDalsolution after nrixing, the ioDic product [Ba2+] [So?-] > I(o for Basoo.

i.) -tl lvill A8CI l)e Inore soluhle in oqueous solution or NaCl solrrtion and why ?

Ahs. Agct . - Ag+ + cl-
In NaCI solution, [Cl-]rvill incrcasc. As IAg+l [Cl-] = K5, remains constant, [Ag+] will decrease ie. the

solubility will be lqss in NaCl solutioD than iD warer.

rJ -t-r. Why solid NnCl starts separrting out from ft satunrted soltttion of NnCl if IlCl gas is pEssed through it ?

tus. HCI iD the solurioD provides Cl- ions. This increases the ioDic product of NaCl and so the solid NaCl starts
seParating out.

tJ ll wlry cornmorl salt is sdded to precipitBte otit soap from the solution dttring its man[fficture ?

hs. Soap is sodiun salt ofhigher fattyacids (RCOONa). OD adding common salt, Nat ion concentration increases.

Heoce the equilibrium RCOONa (r) <- RCoo- + Na+ sbtfts in the backward direction r|e soap
precipitatcs out.

(l -.:! Through n solution contnining Cu2+ nnd Ni2+, [IrS gasispnssed after adding dil HCl, which lvill precipltote

out nnd why ?

Ans, Cu2+ will precipiiate out because in thc acidic medium, only ior:ic proriuct ICuz+ I [S2- ] exceeds the solubility
product of CuS.

r., tii why in Group V of qualitative nnnlysis, sullicient NlloOH solutioa should be added hefore adding

(NH.)2CO3 solution ?

Ans. This is done to convert NHaHCO3 usually present in Iargc amounts alontr ith (NHr2CO3 to (NH1)2CO3

NHlHCO3+NI14OH+ (N IIa)2CO3 + H2O

(2 17. Whnt is pll of our hlood ? lvhy does it remnin dlmost constflrrt inspite the yariety of foods oltd sPices

Ans. pH ofour blood is about 7 4- It remails constaDt because it is a buffer.

(l lU. ThepH ofon enzyme catalysed renction hns io be maintaiDed between 7 flnd E, Whnt indicator sho[ld be

used to monitorond control thepll ? (N.C.E.R.T)

Ahs. Bromothymol blue or Phenol red or Cresol rcd (see'Ihble 8.6 Page 8,47).

(l lr. ThepKIr ofan indicntoris 10 5. Forwhichpll trnrsitionrange is the indicator most suitsble ? @.C,E.R.I:)

turs. pKrn r 1 r:e. 9.5 ro l1 .5.

e 10. Benzoicocidisamonobnsicocid,When122gofitspuresampleoredissolvedinwaterandtitratedagainst
base,50mlofo 2 M NaOII are uscd Up. Cfllculate the molst mnss of benzoic acid. (N.C.E.R.T)

Ans. 1000 nrlof t M NaoH will neurralize acid = ij# " 1ooo = t22 s

But 1000 ml of 1 M NaOH contarrr 1 mole of NaOll and will neutralize I nrole of mooobasic acid. Hence

nrolar mass ofbenzoic acicl = t22I mol-1.
(J. -t I A solutioh gives yellow colourryith methyl orange, methyl redcnd phenbl red. What is thcPHof the

solution ?
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Ans, Yellow colour with Dethylorange meanspH > 4.5
Yellow colour with methyl red meanspH > 6.2
Yellow colourwith pbenol rcd meanspH < 6.4. Henc€ the lolution haspH bchpEe n 6.Lao 6.4.

Q.32,ThelonlzstloncolsirDtoflormlcacldlsItxl0-'.Arou[dwhatpEl" lltsmtlturrtrlthlodlumforIlstr
give huffer solution olhlShest capacity ?

Ans. Buffer solution of highcst capacity is formed at whicbpH - plq - _ log (f .8 x l0-l _ 3.74.

CARRYING ,I MARK

Q'1'whotlsthelsvcall.dwhlch8lv€rchdoDsblpbctrccrd.grGcofdlmtodo!ofrr..kclet,lyt.Ddlt
concentratloD in thc solution ?

Ars, Ostwald's dilurion law.

Q. 2. Whot ls the dillerence b€tnccD a coqlugqt ocld ard o coEJugsaG borc ?
tus A coniugate acid and base differ by a proton (Conjugalc acid q=* ConjugaE bolc + H+)
Q. 3. Wtitc the cxPressioD for comParison of relative strengths of two mat acids in tcrlllr of thalr ionizrtlon

coDsialrts.

*-ff*!{ffi =\€
Q. 4. Whnt is the flctive mass ofwater ?

Ans. 55.5 mol L-l
Q. 5. How can we predict whether a precipitate wlll be forDcd or not on mixing two Golutiotrs ?
Ans. A precipitate will be formed if ionic product > solubility product
Q. 6. Whnt happels when HCI gos is passed through saturated NaCl solution ?
Ans. NaClwill be precipitarcd our.

Q. 7, Whnt is the f[nctior ofaddihg NH.OII in group V ?

Ans. Ir conyerrs any NHatlCO3 preseDt into NH1)2 CO3.

Q, tl. Whar hrpl,ens to the ptl if ! few drops of rcid are added ro CII3COONHa solutlo! ?

Ans. pll will rentain almost comtant (beinga butfer solurion).
Q.9 which ihdicotor shourd preferably be used for titration ofNHaoH with Hcr sorutton ?

Ans. MethyloraDge.

Q. 10. Whot is the relationship betweenpKh aDdpH ot thc equivalence poilt ?

turs, /,I!n = pH ar the equivalence point.

Q' 1l' At half-neutrolisation ofn weok acid with o strong bflse, what ls the relfltloNhlp betwc.rplf ord dlssockrtlor
constont (q) of the rryesk ocld ?

Ans. Al halt-neulralisation.pH - pKs,

Q. 12. lvhnt is the rrnge ofarH indicator in terms ofits dissoclodon constrnt (Kh) ?
Ans. pH =pK,n t 1.

Q. 13. Whrt hflppens to the solubility ofAgCl in nater lfNnCl solutlon ls added to lt ?
Ans. Solubrlity ofAgCl decreases due to common ion effect.

Q I4' *'rnt is thc rerationship between pl(o and pKo varues nhere Kn and Ka repr€s.nt ionrzaron constaDb or
the scid nrd its corJugote hase reslectively ?

Ans. pq + /rK, = pK* = A.
Q. 15. lryhat is the relationship hetryeen pH {nd pOII ?

Ans. pH + pOH = pl<w - 14.
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Sec.lt.l.
ro lt..:.

Scc. tt.-1.

Sec. E.4
to 8.5

Scc. t.6
Src.ll.7.
to t.li.

Scc. t.9.

Sr:c 8.10.
to 8,1l.

Sec. t.12.

t.
9.

(v) Lewis acid (vi) lrrvis base

Disqrss lhe Proton tramfer theory (Bronsted Lo\T thcory) of acids 8nd bases'

What is meanl q the conjugatc acid'base pair ?

Discus Lewis delinition ofacids aDd bases. How is it more useful tban the Bronsied definition ?

Deline the tcrms 'acid' and 'base' ac.cording to each ofthe follo 'ing 
conceP$ :

(i) turhenius (ii) Bronsted-Lsrry (ir'i) Lewis

Derive expression for dissociation constants of weak acids and gleak bas€s'

io" o"yi, 
"rpf"in 

thc strengths ot acids aod bas€s oo tbe basis of Arrhenius theory ?

10, Discuss the strengths of acids and bases in terms of their diss@iation or ionization consunts'

ll. Justiry the slatement that a strong acid has a weak conjugaie ba'sc and strong base has a weak

12, the ions of weak or sttong acid or base are allowed to iDteract with water ?

il: tand by the term'ionic Pr-oduct ofwater'? Hqw has this concept beeD useful in

nd basicity ofa solution I

t 4, ExplaiD the term 'ionic Product of w'ter'

lS. F-xplain the significance of K-.

t6. IJow does iQvary with temPerature and wby ?

l?. Bricfly exPlain the term'PH'.

rs. whaido iou undersrand by ,pH sc2le, ? cao a solul ion have pH tess rhan 0 or more than l4 'l Explain

your answer, Siving suitable reasons.

u. beriue expreision-for the calculation of pH of a solutioo of a salt ofweak acid with a stronS base or

weak base with a strong acid.

20, I'rove that the de8ree of hydrolysis of the solution ofa salt of weak acid with a weak base (e8
- -rrrcoot,tttn; 

is independLnt of the coDceotration of the solulion'

21. Derive Lhat for the solution of a salt of sirong acid with a $/Eak base (hlwing concentration =cmolL-l)

pH= - | tros x, - log K6 r log cl

22. Brietly explain why PheDophthalein is oot a suitable indicator wheo the base is weak acrd why methyl

rlrangL is not suitable when lhe actd is weak'

23. Is pH of the end Poinl of acid'base titration a /als equal to 7 'l Explaio why or why not'

24. Prove that for the colour chaogeP&ndicaior = PH at the equivaleoce point'

CARRYING2oT3MARKS

l. What are strong and weak electrolytes ? Derive ao expression for the calculation of the deSree of

ionization ofa weak electrolYte.

2. Derive and defioe Ostwald's Dilution l-aw'

3. DeIiDe tho follo\.t'ing giving €xamples :

(i) Bronsted-Loery acid (ri) Bronsted-Lowry base (iii) Conjugate acid (iv) CoDjugale base

4.

5.

6.

indicators have a useful colour change over a PH range of 2 units ? Prove

matbenlaticallY.

2?. Derive norrnality equation, NrVr = N2v2 and the nolarity equation' ryM1Y 
' 

= n.-M2Y'

where n I and n2 arc the acidity and basicity of the base and the acid resPectively'

2ll. ExPlain thc terms

1ij solutritity proouct (ii) Common ion elfect

25. Why most of the
mathematicallY.

26. Hou, is pK of a weak acid or a weak base determined from the titration curve ? Derive the result
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29. How.does solubility producl differ fro, iooic product ? Discuss two important applications ofsolubility product
30. Give rcasoDs for the following :

(i) zDc sulPhide is PreciPirated by hydrogen sulphide ftom an amD.loniacal $olution but not fiom irstroDg hydrochloric acjd solutioo.
(ri) The PrcciPitatioo of M8 (oH)2 is preventcd by the addition of NH.cl prior ro the addirion of
NHaOH but its precipitatio, ty NaOH is not preveDied by the prior addirion of NaCl.
(rii) ID quatitative anabsis, NHaCI is addcd before adding NHaOH solurion for tqstint

Fe3+, Cf+ and Al3 +

or Discuss rhe use ofamoronium chloride in group III of the inorganic analysis.
31. Define the term ,sotubiliiy producr,. How would you use this uoncept lo separate rhe sulphidcs ol.copper from rbat ofziDc ?

32. H_ow is concept ofsolubility producr urilized in qualitarive analysts ?\(r r r6 33' what is the Buffer sorutionl Give an cxampte iran aciuic uufocrand exprain its buffer action.34. Derive Henderson-Hass€lbalch equation.

CARRYING 5 or more MARKS
Sec.lt.l.
to t.2,

Src.ll.3,

l. what arc slrong and naak eledrolytes l Define rhe term ,degree of ionization, and deriyc hol thedegree of ionization is related to the concentration ofthc solu-tion of rhe etcctrollte.2. What are acids and bascs accordiDg to
(r) Arrhenius concept (,:i) Bronstea-Lowy coocept ? In wha( rcspcc,ts (ri) h supcrior to (i) ?3. Wbat is Lewis coocept of Acids and Ba.s€s ? Classify the follo\yi,t into Lewis acids or l_6rris bas€s
gMDgreasons: IlzO, BFJ, NH3,SiF1,Ag+, O-, CO2

. What are the advaDtages aod limitations of this co[ccpt c,ver the earlicr mncepts ?4. Derive_ expression relariDg the stleDgrhs of m )nob;t u"ior'li.or" iorar concentration to theionizntion constants of thc acidr.
5. Bricfly explain Aid-Base equilibria taking suirable e)omplc.s.6. txplain the tcr,,, ,lonic producr of \rhter, and ,pH'vatue,, 

How does the former cba[ge withtemperaturc ? Whal is pH sc{lc ?
7. Briefly explain the tcrDs-Sall ll1dro[sis, hydrobfsis constant and degree ot hldrolysis. Derivcopressions for thc calculation otpH of' '

Sec. {.l,4.

ro t1,5.

Scc. E.6.
Sec. E.7.

lo ti.9.
Scc tt.l0.
t0 E.l l.

Scc,lt.l2,

Sec.8.lJ.
to 8.15.

t.
9.

10.

(a) salt ofstroog acid with crat base (r) satt ofweak acid with weak base-D6cribc Ostwald,s theory of Acid-Bsse illdicators.
Brprain the diff€rena types of acid-base tirration curves. How is a suitabrc indicator serecled for aparticular tirration ?

B-riefly cxplain the term ,solubility produrl., Disc.uss its aDDhcarion
(r) ill calc.tllatio ofsolubility ofa sparingty solubtc salt (ri1 in quatitative anarysir.
Frplain 'Common Ion Effe{t,.
What ir a 'Bufier solution, ? What are difierc[t types of buffers ? Dhcuss their buffcr actio[. Wbatk the importaocc of buffers iD biological prcess;'?
Derive expressions for thc pH of (a) aD acidic buffer mixture (D) a basic buffJr ntixture

11.
Stc. li.l 6. 12.



1. tevelling elfect of water and dilferentiatiDg solvents' As already explained' acids like HCI' HNO3'

H2SO4 etc. wtrci ttissolved in water dissociate alnosi completely r"e their dissociation equilibrium is almost

completely to the right (e.& HCI + H2O <- H3O+ + Cl- or may be uritten simply as HCI + H'O --

I{rO+ + Cl-). These acids behave a's equally stroDg in water' In fact' in aqueous solutioD' all acids stronger than

is a poor Proton aouePlor. It accepts prolons lo different

which mly be represented in Seneral as

HA (d4) + cH3cooH (44) + A- (aO + ct\cooHl @q)

p.g. Haoa (uD+ cH3cooH (d4) <----\ clo4- ('9) + cH3cooHz+ (4{)

I{No3 (.!q) + cH3cooH (aq) + Not ('I4) + cH3cooHf (44)l

.rheireorrilibriumconstantscanbedeternrinedaodhenc€theirrelativestrengthcanbefound.ForexanPle'

," *J;;,h"1*.-h';;;rion.i uu*", tt'" 
't'"ngths 

are ti und to be in the order

HCIOI > H2SO4 > III > HBr > HCI > HNO3

Lastly, it may be mentioned lhat in water' as strong acids and strong bases dissociate almost completely'

K, or KD has no meanlng.

2. Ar lnterestlng ol'serYatlon on change ln PII on dilution or mixlng i{ith Another solution'

If o solution of PH = 2 b dihued with woter so that the volttme becomes double' the pH of the diluted rclution

can be calcululed ar follows : PH = 2 nreans [H3o*] = t0-2 M

After dilution to double the volume, [H3o*, = 
r 

5' r'r = 5 x l0-3 M

PH = - log(5 x 10-3) = 3 - log5 = 3 - 0 69e - 2 3

II o t;olurion of pH = 2 is mixed with an equal vohune of a rclution ol pH = 5' tlrc pH of the linal solution con

he calculated ar followt :

ONiALSI E

r/60

2.,
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ADDITIONAL UgEFUL TNFORMATTON 6ohrd

After mixiDg, for soturion wilhpH = 2, [H]O+ j = 
,5' 

= S , tO-, t,t

and for solurioD wirh pH = 5, [H3O+] = ,5' 
= S ,. tO-u t.t

Total [H3O+] = 5 x 10-3 + 5 x 10-6

=5xlo-3(1 +0.001)=5x1001 x l0-3
= 5.005 x tO-3

pH = - log (5.005 x 10-3) =: - tog s.oo5 - 2.J

Thu6 we observe that the sotu-tioo-ofpH = 2 when diluted with waler to double the volume, pH changes ro2 3 Again when the sorurion of rH = 2 is mixed with equat votume o'f-sJru tron ofpH = 5, pH agaiD changes to2.3. It means rhar the soturion ofpH = 2 b.ir;.;r;;;.;;il']#ti,#ir'o,r,,on, ot pH = J s7 pt1= 7 r:e warer
havc Do role to Play. Holvever when the acid is diluted so that ir.s concenlration of I{ro+ ions fatLs b.f* rO-i,
then it is the [H3o+] ofwater which retains thepH below 7. similarly io czse ot a very dilute solution ofa base
e.& 10-10 M NaOH sorution, it isthe lolr-] from H20 which herps ro retain thepHof rhe sorution above 7.(Refer to solved examples of'Iype VIU and X on page S2O;

3' Double lndicotoE ln the acid.-base litrations, generally rhe indicators used are phenolphthalein and merhvloraDge. As thcy give end point ar differentpH rangii nence'it is irponun, ,o r.r.riu;;i;;;;ri"*;;r- "*"r'
(i) For tiiratioD ofa base such as Nqco, against a strong acid iHcr), ifphenorphrharein is used as indicaror,

the end point is iDdicated only for half neutralization of NECO3 (ie. upto NaHCO3), NECO3 + H+ .*
NaHco3+Na+ Ifmethylorange isused, the eod point is indicaledwhen aI the alkaliis comptetety neurralized.

(,j) For titration ofa mixture of Na2CO3 + NaOH vs HCl, there are rwo wars to c:rrry out ths tirration :

(e) Phenolplrthalein moy be ured fu sr rc get first end point fo owed hy metlryl (nonge to get .tecond end Doint
Then Acid used upto 1sr eDd poinr = C_omplete neutralization ofNaOH + j. neu tralization of NarCO,

Acid used from 1st end poiDt to 2nd end point = i ncutralization ofNa2CO3

.",n \\ffrltin" 
*t be catiied out frrut t$ing Phenolphthalein and then with rame voh.tme of fre.rh 'antpk 

tLting

Acid used wirh phenotphtharein as iodicaror = comprete neutrarization of NaoH + ! neutratization of
NazCO3

Acid used with methvloranoe as incricator = complete neutrarization ofNaoH + comprete neutrarizationof Na2CC)3. See solved exanrple 4-0, page ufl9.

;T:t'l'j'r[:iHf ,'"i*f ::il
K2HPOa are ac;dic salLs while

are acidic salts while N%SOa, Na2CO3 etc. are Dornal

Boslc salts are salts that contair
te mnsiaereaa. ttre ;ffi;#;;:il?|,:: ::*:',:#i#""lrr'",trddition 

ro rhe usuar aDions. Basic sar.. may

pb(OH)NO3 from pb(OH)2 + HNO3
Irad hydrory nit.atc

or as thc products of the loss ofwater ftom satts contaiDing hydroxide ion egr
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BiOCI from Bi(oH)zCl bY loss of H2O'

ll$m h oxYEhloride

5. Effect ofPH on solubility, 
-Ite solubility ofa salt of weak acid i[creases if the solutioo i6 made more acidic

<ir. pH n- a""i""JJl ioi exurnir", ctre sorubility equilibrium of CaF2 Dmy be repres€oted as

CaFz (1) -: t:az+ qaql+zr- 1oq1

oo makiog the solution more acidic, I{+ ions wil! combiDe with the F- ioDs As a result' equilibrium will

shifl forward i.e. solubility will increase'

(.1 I What are the conjrrgate bases ofthe follor7ing ?

Ctl3oH, HNr, lAl(H1o;ot3 
f'

Ans. cll3o-' Nt, [A(H2O)5OH]2+
methoxidc ion aade ion

(.' I Why is ammonia termed as n hase thorrgh itdoes

Irot contain OH- ions ?

Ans. : NH3 $ termed as a base orl the basis of LeNis

coDcept b€causc it can ciooale a lone pair of

electrons-

.) 1 Glycine is ar a-amino scial which exists in the
+

form of Zwitt€r iotr as NII3CH2COo- ' Write

the formule ofits coniugate acid and coltiugate

base. +
Ars. Conjugare acid = nttrCHrCOO- + H*

t
= NH:C}IzCOoH

+
Conjugate base = NH3CH2Coo--H+

= NIIzCHzCOo-

(1. .l Write reactio[ for autoProtolysis ol water'

Hov is ionic Product of water related to

ioDization conitaut of water ? Derive thc

relotionshiP.

Ans. AutoPrototlsis of HzO takes place a's folloEs :

H2O + H2O 5J H3o+ + OH-

For ionizatioD of H2O,

HzO <------r H+ + OH-

. -lH+lloH-l - 
*. 

= 
L,=,

\ = - lEol - tHrol s5 5s mol L-'

or q=Kix55 55

(J 5 Give reason for the follorritrS:

(i) Zirc is not Precipitrted ss Z1(OE)2 oD ad-

dirg NHaOH to q zinc salt solution contalnilg

NH.Cl.

(ii) BaSOa Precipitate is rvashed wlth water con-

tailing a small amourlt ofH2SOa in gravirDetric

analysis.

(iii) CO2 is more soluble in aqueous NaOH

solutioh than itr water.

(iv) A brovn PreciPit8te iD o bottle cotrtaining

aqueous FeCl, solution aPPcars on standing'

Ans. (i) NHaCI suPPresscs the iorization ofNH4OH

due to common ion effect. Hence concEfltration

of OH- decreases such that the ionic Product

I7-o2+llOH-12 does l1ot exceed solubility

proouiti u.nci znloH)2 is nol precipitalcd

(ii) BaSOI dissociates as naSoo {s) $
Aa2+ 1aq; + sol- (aq) Additiotr of H2SOa

Eives con]mon sol- ioos which supPresses the

dissociation ofBaSOl and thus helPs io the com-

plere PreciPitation.
(iti) Inwater, CO2 dissor'cs to form carboDicacid

(H2Co3)

CO2 G) + H2o (/) <- H2CO3 (4{)

As the reaction is reversible, the solubility is low

Io aqueous NaOH, CO2 reacts to form sodiuD

carbonate

2 NaOH (aq) + coz G)

- 
NarCO3 (c4) + H2O (l)

As De reaclion is ine!'Ersible, the solubility is more

T.Bs;E-r JllT. ffttArnlsl sPEctAL

Net4 Course Chen' i str'!
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Brown ppt.
(., ,' Why Po3 - ion is rot arnphiprotic ?

18.I.T Ratchi, t990)
Ans. Ar1 rmphiprotic ion is one which can donaLe 

r.' I

protoo as well as acccpr proton. poi- ion can
accept proton(s) but cannot donate any proton. 

Ans.Hcnce POi- is Dor amphiprotic.

!, - In the reaction hetweeh BF3 and CrHrOCrH5 ,. ,,
which oDe of ahem will act a6 an ccid ? Justiry v 

' -
your ansver. (I.S.M, Dhanbad 1990)

Ans. The reactioD ber\reen BF3 aDd qH5OqHj is

QHs.. i
qn,io'* f -t

F

QHr\ i
-o .._ B - F9H,- i

As Blj accepts a pair ofelectrons, herice BF3 is
the Lewis acid.

(.r \ Give reason in ore or two sertences for the
followitrg I

Ammonium chloride isocidic in liquid arnmoniasolvent (I.T 1991)
Ans, In solutioD of NHaClin liquid NH3 , the followiog

reactioo takes plac€

NHo + + NH, (.S NH. + NHo +

Thus NHaClgives proton. Henc€ it is acidic.
(.) 9 Arrange the follotyirg in order ol their ircreas_

iDg bssicity

II2O , OH- , CII3OII, CH3O-

(t.I.T.1992)
&". Hro < cH3oH < oH- < cH3o-

(1. lr) The followiDg can actas both Brolsted acid and
Bronsted base. lfite the formula in eoch cese
(of the product)

(4 HCO3- (ri) H2PO.-

(rrr) NH3 (ir) HS-

(ir,) Feclj u[dergoes hydrolysis forming a brown
precipitate of ferric hydroxide
FeCl3 + 3HzO 

- 
Fe(OH)l + 3HCl

(0 co3- , r{2co3

0i) HPO4- , H3PO4

(sr) NHt , NH4+

(iv) s2-, H2s.

NaCl solution is added to s saturated solution
ofPbCIz, rffhat will happeD to the concertration
ofPb2t ioas ?

Pt2+ ion concentration will decrease to kecp
\, constant.

Mich is astrongerbase in each olthefollowing
pairs and why ?

(i) H2O , Ct -

(ii) cH3coo-, oH-
(D Hzo

0i) oH-.
Refer to Bronsred-Lowry concept for retattve
strengths

th

s,h
s

(l lt Anhydrous AlCl3 is covaletrL From the data
giver below, predict whether it would remain
covaleht or become ionic in aqueous solutioD
(Ionization enerE/ for AI = Sl3? ltl mol-t,
aHtya*uon for Al3+ = - 4665 kf mq;-r,
AHhydrsuor for Cl- _- _ 3tl kJ lnol-t).

(I.I.T r997)
AIls. 'Ibtal enerS, released due ro hydration of ions

=-466s-3 x 38I = _ 5808 kJ mol-I. Thrs
enerE/ is greater than the ionisatioo enerty ofAI
whtch is 5137 U mol-l Hence it would be ionic
in lhe solution.

e lr Classifly the followirg species os I_ewis acirls
and L€ryis hoses

NlI3, BF3, SrlCta, C5H5N, CO, Ni2+

(Bihu 1997)
Ans, Lewis acids: BFr, SnCln, Ni2+

Lervis bases ; NlIr, CrIIrN, CO.

e t6. Give reasons for the tolloMrrg !

ocetate decreflses
aseswilh ircrease(I.S.M. Dhanbod I99Z)
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(ir) MsSnGsluE lr not PrcctPllstlil ftoE r solu-

i'r* oitt" sslt by NH.OH ln the Presercc of

Ngicl. (Roor*ee 2000\

AD& (i) Thh i8 elicr

|iinclPtc. cn-

bottrc-rmi s ex-

othcrmlc i.?.

Pb (NO3t + aS <r
Pb (NO3)2 (4q) - Hc't

CsAca+ zHao '
Cs(OHb+2CH3cOoH

Ca (OHh + ,{ i- Ca (OH)2 (44) + Hcat'

(ii) The solubility Product of M8 (oH)2 is higtr'

Prescnce of NH.CI supPresscs thc dissociation of

NHaOH due to common ion cffcct thus Siving

low canccntration of [OH-l Tho ionic Product'
it iriiott, *ono, o.i"d thc solubility product'

(t. li Explsln thY Pg ol0'
rcld ttll b. hl8h* th
dor olHcl ?

Arr

ionlzcd SMng morc H+ lon concsnEEdon As

pU - - iog gl+1 ; rcss tbc [H+1, Srcstcr will be

!t ill bc morc than at 25"C'

e it. whot tyPG of roltc arc NerHPo, and NaES ?

lwct Beisalt'E'E 200i)

An& Ns2HPOi is obtai[ed by reac$on b€tween

NaoH end HsPoJ (a dibssic acid)

o
i
Dn/i\onI

OH

Both disDlaesblc hldrogcnr arc rePlasd by Na'

io 
""ioii 

rtya-g"o'is lc-ft' Hcncc Na2HPO3 is a

normol salt NaHS is obtain?d by rcplacement.of

onc acidlc hydrogen of tI2S ry Na (on reaction wtn

N8OH). Hcncc NaH S i8 an acidic sol''

( ) 10. classlfv the fotlowlng os ecid or bsse according

to Bronsterl-l,owry theory aud rsme their cor'

re.sPorillng conjugate base or acid

(D NHr

(ID II,O+

(v) HOO-

(ii) cH3coo-

(iv) H-

(vi) sro!-.
(We st B engal J'E' E' 2004)

Ars. Acrording to Bronsted-Lowry theory' an acid h a'--- 
suustandwnich can donate a proton while base

is a subshnce which c2D accePt a proton'

(t) NH: is a Bronsted base

(NH3 + H+ 
- 

NHf ) Its conjugate acid is

NHn*'

(iD CH3COO- is a BroDsted base

(CH3COO- + H+ 
- 

CH3COOH) lts con-

iugate acid is CH3CoOH'

(rrr) Hro* is a Bronsled acid

(HrO+ 
- 

HrO + H+;. Its conjugato base is

Hzo'

(iv) H- is a BroNted base (H- + H+ 
- 

H, in

tho reaction H- + H2O <------s H2 + OH-)'

Its c.njugate acid is H2'

(v) HOO- is a Bronsted acid (HOO- .-

Ol- + H+ in the reaction HOo- + H2O ...

01- + H3o+) Its conjugale acid is 01-

(peroxide ion).

(vi) Srofr- is a Bronsted base (Sro!- + 2 H+

* 2 HSO' in the reaction S2oA- + 2 H2O

a- z ttsol- + oH-) Its conjugate acid is

HSo;.
( ) t l Prove that the degree of dissociatlon ofa r eak

monoProtic ocid is give[ bY

ta= | +;J'E;fr
where Ko isthe <lissoclfltion constant ofthe acid'

ans. suDDose we start wilh C mol L-l of the weak

monoProtic acid HA Then

Initial molar conc.

Molar canc.

after dissociation

HA <- H++A-

C-Ca Ca Ca

=c(t-a)



EQUTLTBRTUM - [ 0ONIC EOUtLtBH|UM tN SOLL'T|ONS) 8/6s

rhus ",=3t:;= g
./!so IH+l = Ca

(0

0i)
Substiruting rhc value of C from eqn. (i), we gct

K rl -ar K.(1 -a)
[H+] = -ij-z---: or a--

- ,.* ,, *, = - ,a, O + rog 1r - "y"- rog,l
or pH =pL - log(l - a) + loga

1_-or log :;-: = pKo - pH

or li'=tctr"-N

or ]- I = rrr*"-rH

o, := 1* 11YK.-PH

Ior a= 
r +l;r;q=;n

r.) ll (a) For o,l aqueous solution NHaCI prove that

lll3o+l = r'qT'
(c.B.s.E. PM.T 2004)

Ans. Refer to page 8/30.
(.) l-l Arrange the followi[g compounds in the

decreosing order of basicity on the basis of
!l roIlsted -Ir!vD' concept

BaO, CO2, SO3, B2O3, Cl2O7.

(r.t.T. 2004)
Ars. BaO r H2O <=:= Ba(OH)2 (Basic)

CO2 + H2O ;=J UrCO, lWeakly acidic)

SO3 + H2O 5) UrSOo lStrongly acidic)

B2O3 + 3 H2O # Z H:SOs (v"ry weakly acidic)

ctzOz + HzO <r Z UCtOr 1very srrongly acidic)

Hence iD the decreaslng order ofbasicity,we have

BaO > B2O3 > CO2 > SO3 > ChO7.

R I'IIoIII L,\15

Problem L Cslculate the de?ree ofdisso.iotior ot
0 5 M NH' ol25'C in s solutlon ofpH = 12.

NH4OH <----5 NHo+ + OH-

I'rohleDt 2. CaLld.lit the ratlo of pH ofa solution
cortsining I mole ofCHTCOONa + I Eole ofHCl per
litre to that of o solutiol contoirirg 1 mole of
CH3COONa + I mole of CH3COOH per litre.

. Case l. Calculation of pH of solution
containingl mole of CHTCOONL+ I molz oIHCI per litre

CH3COONa + HCI 
- 

CH3COOH + NaCt
lnitial l mole lmole 0 0
moles

Moles00l1
after reactiorl

r.e. [CHTCOOH] - I mol L-r

;S CH3COO- + H+

Cc,

CH:COOH

Initial C mol L-l
After C - Cd
dissocratton

Ca

lnitialconc. C mol L-l
After disso. C-Ca

00
Ca Ca

pI{ = 12 means [tl+] = 10-12 or [OH-] = l0-2
..torr-t = ca=10'2 "'"=+=#

= 2 x 1o-2 or ZEa.

.'. [H+l -c@Bu!d "tr
'' lH+l =.8 -*==y1.-=K1/2

( C= lmol t-l;
. -toslH+l= -*,o**,
i.e. (r'H)r = - + ros K, .(,)

. C^se lI. Calculotion of pH of solution coruaining 1
mole of CHTCOONa + I rnle oI CHJCOOH per lirri

ApplyiDg Henderson equarion

(pH)z = pKo* rog ffi
=pK. = - tog K, 0,)

[[Salt] = lAcid] = I nrolL-rl
From equations (i) all,d (ii), Q,H)t/ Qt}lh = t /2.
t , ,t ', ,\ r O TMCHTCOOH (pII = 3) ts titrated

rvith 0.05 IU NaOH solu on. Calculate the pH when
(i) I/4th ofthe acid has becn neuttBllzed.
(ii) 3/4th ofthe acid has heen neutralized.

the 
Calculation of dittociuiott con tont oI

CHJCOOH 
--r 

Qfl.QQQ- 1fl+
As pH = 3, - [H+1 = 1g-: y,

ICH3CoO-l = [H+] = lo-3 M

, ICH3COO-l[H+] lo-i x l0-3
^' -leErZbOHf = ---T:l-- - ru "
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(i) Whzn I l4lh of the acid hlu been neu,l't lized

CHTCOOH + NaOH- CH:COONa + H2o

lnitial 0 1M
conc.

?l
Afrer l/4rh 0.1x i 0lxi
neutra-

lization = 0.075 M

.. PH =PK, + ros##+

-. 0.025=_togl0 - + logo:d6

= 5 - O'4711 =4 5229

(ii) Wen il4th of the acid ltos been neutalized

CHTCOOH + NaOH+ CH:COONa + HzO

IDrtial 0.1M
conc.

Afrer 3/4th o.t x f Ivf

ncutralization

o.r x Irvr

=0.025M =0075M
,. pH = - loc lo-5 + Ios &3#

=5 +0'4711 =S'1111
Prohlen 1. A saEple of hnrd water contoins 100

ppm ofCaSOl,What Elinimum fraction ofwnter should

be evRpomted olfso thstsolid CnS04 begi[s to seParate

out ? K, for CaSO4 is 9 0 x 10-6.

MaxiDum solubility of CaSO4 irl water

can be calculated from its Krp value as f'ollows :

S='.q =V9Oxl0-o
=3ox1o-3molL-1.

SuPPose the volume ofwater taken = V litre

As CaSOl present is 100 ppn rle. 1008per 1068 of

water, therefore, CaSO4 present in V litres (V x lo38)

ofwater

= ** " 
v x rrPg = 6.; vs = !{}motes10"

(Molar mass of CaSO4 = 13r,8 nrol-l )

After evaporation, suppose volume o[water left =
V'litre

ThusV lrtre o[waterwillnow contain !f n:oles

of CaS04.

This should be equal to the ma\inlum solubility ilr

moles L-1.

.. o'1vx 1 -3.oxro-3136 V'

or V'- olV -=0245v
136x3x10-r

. . Volune ofwater evaPorated
=V -V,=V -o.Z45v = 0.755 V

Le. 75 57o ofwater should be evaporated off.

)'rohltn 5 A butfer solution with pH 9 is to be
prepared by mixing NH{Cl ond NHaOH. Colculote the

numher ofmoles ofNHaCl thatshould he addcd to one

litreofl 0MNH.OH (Iq=I E x 10-s)

(M.L.N.R. AIl4l abad I99I )
solution. For a basic buffer

Po:H = PKb + los -[!3!!L
IBase]

Further pH + pOH = 14

so thar POH = 14--?H = 14-9 = 5

PKa = -log 
Kt

= -log 
(l 8 x rc-\ = 4'744'1

[Base] = [NH.OII] = I nrolL-l

'. 5=a7aa7+losEq

or log lsalil = 0 2553 or [salt] = l's mol L-l
t'rohlrm ('. c.alculslte the amounl. of (N IIa)2SOa in

g which must be sdded to 500 mL of0 2MNH3toyield

a solutior of pH = 9 35' K, for NH3 = 1 ?E x 10-5.

(M.L.N.R tee2)

Solution. As it is a basic buffer,

pol=pK6+ l.c1$#l
IN H4+ l

= - ros KD + loc 
I-NHFEI

,ds pH =9.35, .. pOH = 14 - 9 35 = 4 65

Milli moles of NHaOH in solution

= 0.2 x 500 = 100

suppose milli moles of NHn+ to be added = x

. 4 65 = - log(1 78 x 10-5; +.r#i%
= (5 - 0.250a) + logiloo

or tog 1fu = -0 0996 =i oooa - o'r

or logx=2l or x=125 9
'. Milli moles of (NH4)2SO4 to be added

125 9
= ---'- = u''"'

( 1 nlilliDrolc of (NHa)2SO?=2 millimoles of NHf)

0.025 M
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. . Mass of (NH{)2SO4 ro be added

= (62.sS t r O -3 moles) (132 t mot-l)
= 8.i094 g.

I'n*lin 7 Givcrl that the solubility product of
radium sulphate (Rosoa) is 4 x 10-lI. Cslculate the
solubility in (a) pure wster (r) 0.10 M Na2SOa.

(I.SJU Dhofiul 1992)

(a) Suppose the solubility of RaSOI in

water = -r mol L-l.Tbeo

Raso4-Ra2++sol-
r mol L-l imolL-1 r mol L-l

\, = 1na2+1 lsol-;
= rxx= ?

or l= 4Y 16-11

or x= 6.66 x,l0-6 mol L-r
(D) NEso4 .._ 2Na+ + sol-

As INE So4] = 0 10 M,

.. ISo;-l from NE so+ = 0.10 M

.. 'It tal [SO?-] = x+o rM

= 6.66 x '10-6 + 0.1 = 0.I

Hence \p = [Ra2+] [sO?-]

4 x 10-11= [Ra2+] [0.1]
ot [Ra2+] = 4 x t6-lomolL-l
. . Sulubility of RaSOI in 0.1 M Na2SOl

- 4 x lo-lo mol L-l
l'r!,hlq,t 8, Cslculate tbe simultoncous solubility

of AgSCN and AgBri Ka for AgSCN and AgBr are

1 0 x 10-12 and 5.0 x l0-13 respectivcly.

(M.LN.R. Allahabad I D 5 )
. Suppose the simultaneous solubilities of

A8SCN and AgBr arer andy moles L-1. Then as

AgSCN+Ag++SCN-
and AgBr -- Ag+ + Br-
'. Total [A8+l - r +y moles L-1,

[SCN-] =a n1s;$ 1-t,
[Br-] =ymotes L-l

\p for Ag sCN = [Ag+] [scN-]

= @ + y)x = "t.o x fi-12 (Given) ...(,

Kp for AgBr = 1ag+1 1rr-1

=@+ y = 5.0x10-13 (clven) ...(i,
Dividing 01) by (i),

I=u, or

Putting in (i),

(r + 0.5.r).r = l0-12 or l.5l = 10-12

| = O 5x

ot

or

l-9.667r1q-tz
x = 0 82 x 10-6 mol L-l

.. y- Q.J;=o 4l x10-6mot L-l
Solubility of ABSCN = 0 62 x t0-6 mot L-r
Solubility of AgBr = 0,4t x 10-6molL-l M
l'rohlotr 9. Colculate the hydrolysis constant of

the salt cont$ining NOr- ions (Given q for

HNO2=45x10-lo (M.L.N.R. 1996)

For the salt containing NO; ion G.a salt

ofweak acid)

-, K- lo -4Kr=d=*i.=-u-2zyto-s.
l'nthlut 1a. Calculate the degree of hydrolysis of

a 0.01M solution ofKCN,I(, for HCN is 6.2 x 10-10.

(Bih4, C.EE. l99t)

SolutioD. l, -

= 0.04 = 4qo,

t'r oblon t t. Ka ofAI (OH)3 st 25"C is 5 x 10-33.
Calculate tbe solubility of AI (OH)3 irl moles/litre at
2YC. (Bihor C.8.8.2000)

Suppose the solubitiry of At (OH)3

= s moles litre- I

+ao
Al (OH)r ...-' A.lJ+ + 3 OH-

r 3r

K,p-s x(3t)3 =21ra =5 x lO-33

or sa=fixrc-zt

or 4logr = log 5 - log 27 - 33

= 0.6990 - 1.43t4 - 33 -33.ii24

K_
R;7

6.2x10-t0xl0-2
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or logr=-8.4331 -9 5669

or r = .3 6E9 x 10-e M.

I'n,LtLn t2. pH = 7 40, Kr of H2CO3

= {.5 x l0-7. what Mll be the rarlo of tHco3l to

lH2cosl ? G.B.S.E. EM.T 2004)

H2Co3 <------r H+ + HCo3-

,, [H+] [HCO3-]

^t =lEeqf-

tion of H2O into H+ and OH- ions

Solutio_n. The reaciion is

HrO iJ H+ + OH-

At?'C, pH = 7 means [H+] = 10-7 M

.. *", = 10-to

At 35'C,pH = 6 n:eans [H+1 = 10-5 M

Krr, = 10-12

As cquilibrium constanls for the dissociation of
HzO are in thc same ratio as ionic Products ofwater, wc

can aPPly the relation

. R",, aH (1 1\
ros q: - ,:365E [r, 

- rrJ

- lo-!2 aH
"'oc ro=1r 

- rT6t;Elt4iFrr;rr
/ I _ __.!_)
(2e8 K 308 K/

or AtI - 52t9t J mol-l = 52 t9E u mol-!.
I'ntblcn 2. Colcul.tc tbo sPPE)dmste PII of I

0.10o M squeous E2S colutlon. Kr rrl K2 lor II2S art

1.fl) x 10-? ond 1'30 x l0-rt rtspocttvely st 2yc.
(Roorkee l9EQ

-qg!CE-o!. I! < < \. Hence H+ ions are maiDly

from lst dissociation H2S <-----\
-- tH+l IHS-I
' IHusl

or rr+1 = {, grpl

... [H*] = 40-\ 10"
Hence pII = 4

IHCO3-I Kr

Irreq-f =tH;i

pH =7 40meaDs - log[H+] =?.1
rog [H+] = - 7.1 -9.6
, [H+] =:sst , to-s

lHco;l 4.5 x t0-7
Ifrp;{f =;;5lx16=.=tt ''

I'tu'hlol 1 What rolume of 0'10 M sodium for'
mate solution should be oddcd to 50 Itrl of0 05M formic
acid to produce a huller solution of PH 4 0 ? PIq for

formic acid is 3 t0' (Roorkee )990)
' solutiotr The pH i?lue ofan acid buffer is given

by

pl=pY\+.c ffi" a=3 8+ loc ffiS
or ros ffi=o.z or ffi: 1 584e

o, ffi$ffiffi=r'ssre
( . Volume is same for both)

No. of moles of acid P1s5sn1 = ffixso
= 25x10-3

.. No. ofmoles ofsalt = 1 5849 x2 5 x 10-3

= 3.962 x to-3

Hence volume of0 l M sodium fornlate required

= f;f ,:.rez , to-3

-39 62ml

/'ri,li|ra J Colculate the PH at equivolence Point
when a solution of 0 10 M acetic acid is titrated with o

solution of 0.10 M NnOH solutlo!. Kr for ocetic acid

= l.9xlo ' (Roorkee 1990)

. At the equivale[t point, CH3COONa is

formed and its conceotration = !_l M = 0.05 M.

It is a salt ofweakacidand stroDg base. The formula
for finding the pH of such a salt is

pH --+ IlosKq,+ loglq-logcl

or

or

l. l.T, {^nArAtsJ strEc IAL

= 10-a
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- PH=

- t ['og to-" + log (1.9 x 10-5) - log (5 x 10-2)]

=- ltro + (-5 +0.2?88) - (-z +o.6seo)l

= loo * t - o.ziBB - z + o.eteol -11:9 = ".r,
l,roblun 5. Calclum loctst ls 8 salt of s r.ak

organlc ocld sDd represeDt d ss Co (Ilc)2. A saturoted

solution ol Ca(Lsc)2 cortalns 0.13 molc of ihis salt ln
0 . 50 lltr€ solutiotr. The pOH of this solutlon ls 5 . 60.
AsguEhrg complet€ dlasoclstiotr ol thc srlt, calculate
Kr of lactic acid. (funrkee 1991)

Solutio_Irj. In solution, Ca (Lac)2 is hydrolysed as

follows:
C-a (Lac)z +2H2O <-------\ Ca (OH)2 - 

rT.t"T.
(weak)

C,az+ + 2Lac- + 2HzO <-r
C-az+ + zOIj- + Zl{l-ac

ot 2Lac- + 2H2O q:) 2OH- + 2HLac

or Lac- + H2O 
=- 

OH- + HLac

Hyd10l)6is constant,

'. - [oH-l lHlacl
'c' 

= 

-Fi'- 
"'(o

But [Ca (Lac)21 = 0 26 molL-l so rhat

[Lac-l = 6 52 -o11-t
and pOH = 5.60 so that

- lo8 [OH-] = 5 60

or [OH-] = sD11qr 1-, ,,
= 2 51 x l0 -6 M

Iq=

= 1 21 x l0 "

FUrther HLac <J H+ + Lac-

l'roblttn t A 40 mL solution ofa weak bose BOH
is titroted with 0.1 N HCI sohrtion, The pH of the
solutioI| is forlnd tobe 10.04and 9.14 afterthe additior
of 5 0 mL and 20 0 rnl- of ocid respectively. Find out
K, for the rdeak hase. (I.I.T t991)

Suppose inirialty 40 mL of weak base
BOH containsr milli ntoles of the base.

Cnse I. After adding 5.0 mL of 0. I N HCt,
pH = 10.04

.. pOH = 14 - 10.04 = 3.96
5 mL of 0.1 N HCI = S x o.l milli moles = 0.5

milli mole

BoH + HCt .._ BCt + H2o

Inirialmilli r 0.5
n]oles

Millimolcs .t - 0.5 0 0.5 0.5
after reactioD

pou =pKo + logffi
o.(

- 3.96 = - to8 KD + to8;+ ...(i)

Case Il. Afler adding 20.0 mL of 0.1N HCt,
pH = 9.14

..pOH=10-9.14=486
20 mL of 0.1 N HCI = 20 x 0 1 mitli moles = 2

nrilli moles

BOH + HCI _ BCt +

Initiaf milli x 2 0
moles

Millimoles x-2 0 2
afier reaction

Hzo

0

,,

a.. 4.86 = - tog Kb + log r--:-- (...x)

Subtracting eqn. (i) from cqn. (ii), we get

4 86-3.%=toEi4- rog,#T
or 0.9=log2-togtr-2)

- log 0.5 + Iog (r - 0 ,S)

orlogl:$=6 9-log2+ log0 5

=0 9-0.3010-0 3010

-0 298

or r;-# 
= 1.986

or x-0.5 = 
-1.986t 

-3.972
or 0.986r= 3.472 or x-3.52
Substituting in eqn. (ii), we ger

,,
4.86=_logK6+loET:S;_

... K - lH 
+l ll-ac-l

' [HLac]

Also Kw = tH+l IOH-I
From (,), (,,) and (,1,),

(r0

. K* 10-11
^" - x; - 121 xlo=lr

= 8.26 x 10-'

...(iit)
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or logKr= -4 86+0 301 -0-1818

=-4140E=5 2592

j Ka=I ElTx10-5'

I'rohhtn 7. A certaiD weak acld has

K'c = f 0 x I0-'. Calculate the equilibrlum conststrt

for its renctioD with o strcng base. (I.I.T I99I)
HA+BoH+BA+H2o
weak strong

HA+ B++OH-+ B++A-+H2O

HA + OH- <- A- + H2O

Further for the weak acid,

HA # H++e-

,.. = Eafir
nrso Kw = IH+l JOH-I
From cqns. (i), (ii) and (rri),

x=ft-ffi=ro"
Problen E. The solublllty proiluct (Ka) of

cs(oEL st z?C is 4'4Zx 10-5. A 500 Dl of I
sEturattd solutlon ol Co (OIl)2 ls mlrcd wtth 

'qusl
yolume ol 0 4 M NaOH. IIov much Ca(oH)z lD mll'

ligr8ms is precipitated ? (l.I.T 1992)

Step l. Cdlculslon oI omoun of
Ca(oH)z in 50O ml of soasoled lokllio\ SrPpcF'e

solubility of Ca (OHh= x mol L-r

Ca (OHt .....- Ca2+ + 2OH-

.r Ksp -- tca2+l toH-F
= xx(2t)2= 4l

. 41 = 4 42x 10-s

or .t' = l.lo5 x lo-5

3 lo8! = log (1 105 x 1o-5)

= 0.M34 - 5 =-4.9566
logx = - 1'6522 = 2 347A

01 x=2227 x Lo-znolL-r
. . Amount of Ca (OH)2 Present in 500 ml

2 221 x lo-z= - -- Z-- x'l49

= 82'39 x10-2g=323 9r,

Stcp ll, Calculation of the alnottnl of Ca (OH)z in

toh.lion afrq mli\g. L\ equal volumes ot (h (OH)z

solution and (l 4M NaOH solution bave been nrixed

Cooc. of NaOH iD the mixture - )=o zU

loH-l = [NaoH] = 02M
Ile for Ca (OH)2 = [Ca'?+) [oH-]2

''' IC"2+l -''1;:Ui!

= 1 105 x to-3 molL-l
Tbtalvolume oflhe solulion after mixing

= 500 + 500 = '1000 ml

'. Amount of Ca (OH)2 in the mixture solulion

= 1.105 x 10-3 x ?4g = 0 0818t = 81 8m9

.. Amouoi of Ca (OH)2 precipitaled

= 823.9 - 81 8 =742'1rng
l'rt)blt t ') Calctulate the pH at which Mg(OH)2

begins to prccipitEte from a solutiotr containing 0 10 M

Mg2r ions. K, of Mg(OH)2 = 1 x 10-rr.

solution. Minimum [OH-l after which

Mg (OHh begiDs to prccipitate caD be calculated from

lMg2+l [oH-]2 = K,p orMg (oH)2

(0.10) toH -12 = 1o-ll

or [OH-]2 = 10-lo or [OH-] = 1g-s

or [H+] = 1o-e

or PH=9
i'r"t,it It 1o The pH ofblood streem is maintained

by a proper balance ofHrCO, and NalICO3 corcehtrn-

tions. What volume of5M NaHCo, solution should be

mixed with a 10 ml sample of l)lood which is 2M in
IITCO3 in order to maintain a PH of 7 4 ? q for

HrCOrinbloodisT.t x 10-7. (I.I.T l99i)

-sdc@.

7'4- -

pH =pK" + rou ffi
- [NaHCOll

log (7 8 x l0-') + log ffi

,"rffffi =7 4+ (-7+o'8Y21)

= 1 2921

or sffi = Antilons 1.2s21= ls ss

ot

ot

(,K

...(,,)

...(,ri)
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H2CO3 pre.senr in 10 ml ot blood (2M H2CO3)

2= mi6- x l0 = 0 02 mole

.. NaHCO3 that should be present

= 19 59 x0.02 = 0 3918 mole

Volume of 5 M NaHCOI required

= 
ltm r o.:lts = 7t.i6 mt

l'tu)t,tt! lj An aqueous solution of a metal
bromide MBr2 (0 .05 M) is saturated with H2S. lvhat is

the minimum pII at phich MS will be prccipihted ?

(Kp for MS = 6.0 x l0-2r, concentratior ofsetlrr.rted

H2S = 0 l M, Kl =10-7 and Kr=1.3x10-13 for H2S)

(I.I.T r99i)
solr'!!!E. [M2+l = [MBr2] = 0 05 M

For the precipitation of MS, minimum I52-]can be
calculated from

ls2-l [M2+] = Iqe r:e. I0 051 [s2-] = 6.0 x r0-2r

or[S2-] = 1 2 x 10-le

S2- ioos are obtained from the foltowing dissociations

K.
H,S ------.: H+ + HS

K2

HS- <- H+ + s2-

,, tH+llHs-l ,, lrr+lls2-lrsr = ffi;-,Kl = 
lHs l

'' Kr 19

10-7 x 1.3 x l0-13 = IH+12 Jl:2-x 10-lel
(0 1)

HNIC \-:: H+ + NiC-
Inilialanlounl 0 1 mole
Amount 0.1-0la O.1a 0.1a
at eqm = 0.1 (1 - a)

Molar conc. =0.1 (1 -a)tZ O.la/2 0.7a/2
at eqm.

K : IH 
+] INiC_].-a 
[HNicl

or r.4 x ro-5 = @ 
i?i, (?):T;i2)

Ifa<<1,then

r ,r x 1o-5 = ,## = o.o5a2

or a2 = 2.8 x 10-a

or a- 5.29xto-2= 0.053
% dissociatioD = 0.053 x 1oo = s.3Vo

frubb t l3.ThepEof 0.05 M aqueoG solution of
diethylamiue is I2.0. Calculatc its KD.

(Roorkec 1993)
(c2H5)2 NH + HzO +

(c2 H5)2 NH2+ + OH-

As plj = 12,... [H+] = t0-t2
or [OH- | = l0-2, 16r11r;rY11

= 0.05 - 0.01 = 0.04

- l(c2Hsh NH2+lloH-l ro-z x lo-2\ = -_lGH;tNEr- -T:r4-
=25x10-3

l'rohlen l1- O.15 rnole of plTidinium chloride has
been fldded into 500 cm3 of 0.2 M pl,ridine solutlon.
Colculate pH and hydroxyl ioll concentmtion in the
resulting solution dssuming no chonge ln yolume (I(n

for pyridine = 1.5 x l0-1e M) (Roorkee 1995)
For basic buffer,

poH=pKb+ bsffi
Here base is pyridine and salt is pyridinium

chloride.

Conc. ofpyridine = 0.2 M
C-ooc. of pFidinium chloride

= 0 15 mol iD 500 cm3 = o.30 M

PIq =-log(1 5 x ro-e)

= - [0.1761 -91= B.t23s

: pOH = 8.E23e + log#;3

or

lH*12=
l.3x10-20x10-l

= 1.083 x 10-2
7.2 x lO-19

or [H+l = l o41 x1o-1 = 0.1041 M
.. pH = -log (o.1o4l ) = 0.9t26.

,'. ,, , r/ 11. Nicotinic acid (K. = 1.4 x l0-5) is
represerted by the forirlulo HNiC. Cnlculate its per-
centage dissociation in o solution which contains 0.10
mole of nicotinic acid per 2.0 litre ofsollltion.

(Roorkce l99j)
Solution. Suppose degree of dissociatioD of

nic!tinic acid = a e
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= 8 8239 + logl5
= 8 8239+01761 = 9'0

-log[oH-] =9 0

logloH-l - -e
IoH-l = 10-e

[oH-] froD Hzo = t0-7 M

''. Total [OH-] = 1o-7 + 10-e M

- ro-e (102 + l)
=l0lxt0-7M

... IH+l = 
K, 

= ---ln-'o. t., t - 1oH-l r.or;ali=7
=990x1o-EM

.. pH = - log [H+] = -log (e 90 x lo-8)

=- I0 9956-81 = 7 0044

l'rohltn l5 Ar aqueous solution contglns 107o

nmmortie by mass and hos a density of 0 99g cm-3'
Calculnte hydroryl and hydrogen ion concentration in

thls solution.I(, for NH.+ = 5 g x 10-10 M

(Roorkee 19951

Solutlo[ 107, ammonia by mass means 10 I
NFI, aiE t in 10og of the solution

.. MolaritY of the solution

= 1+ , *rr-fOTU 
, 1000 = 5 82 M

NH, + Hro- NH4oH + NHi + oH-

C mol L-l

C-Ca Ca Ca

-c(1 -d)
.. IoH-l = c" = c.q-i ='tTF

_,r<K;IE;c

K,/ 10-l'
loH-l 1(I79x l0-'

-0,9268x1o-12M-9 26s x 1o-tl M
I' rh|,n l1.Cr,l(]ulrte the pE olon oquaous solu'

tion of 1.0 M 8mBotrlum formotc assumlng comPlcie

dissoclatton (PK., of foErtc gqld = 3't ond p\ of

ammonia = 4 E) (I.LT 1995)

or pH = - ttros( + losKs - losKbl

=iPq*PK\-Pr\l
= |t:s* 14-481 =6s

/l ,/,irr, /7. What is thepH ofa 0 50 M aqueous

NaCN solution ? pK, ofCN- is 4 70. U.LT. 1996)

solution. NacN + H,O ---------r, NaOH + HCN

or CN- + Hzo 
4 

oH- + HCN

K. = loH-l IHCNI - [oH-12
" [cN-] lcN-l

''. pKD = - lo8Kb = - z tog [oH-] + loglcN-l

or 4 70 = - 2 log loH-l + Iog (0 5)

t lcN-l = [NacN]l\
or 2loglOH-l =-500
or lo8[OH-]= -2 5

- log [oH-] - 2 5

poa- 2.5

pH=14-?5-tt s

i'rdtttm l iiThe lonization constant of NHf ln

rynter is 5 6 x 10-10 at 25"C. The rnte constant for

renction of NHa+ and OH- to form NH3 artd H2O nt

25"C is 3.4 x l0l0litre mol-l sec-1. Calculate the rate
constant for proton transfer from woter to NH3.

(I.I.T t9e6)

s-otution. NHo+ + H2o + NHaoH + H+,

&=56xto-to
kr

NHj + H2O <+ NHn+ + OH-,
k

ka=34xl0lo
Aim. Ib lind k,

We know that for a conjugate acid-base pair

Ko",1 x K6*, = K* ie. K., Kr = K.

'. K' 10-11''' ^r=4-=5 6 rroiu
k,But Y.b= i

tr=ro,t6=;ffix3 4 x 1010

=0607x106=60?x105

LC.

or

Iritial
conc,

Aftr d issociation

he salt of weak acid and wE€k base,

,=€

lo '- 
'= *5.82 =l'o79xlo-2M

5 0 x 10-ru



EQUTLtBRTUM - (ONIC EOUtLtBRtUM tN SOLUTTONS) 8173

lrohlut l9 Calculste the pcrcertage of
hydrolysis ir 0 003 M aqueous solutiol of NaOCN
(K" for HOCN = 3.33 x r0-4 M) (Roorkee 1996)

Solution.NaOCN + H,O €=---r NaOH + IIOCN

or OCN- + HzO + OU- + HOCN

Initialconc. c

Conc. at eqm. c ('l-1,) ch ch

=C

where h is the degree ofhydrolysis
.. Hydrollsis constant,

K, = 
ch 

;ch =r1,2 or h={yj,

gr1 K. = IOH-l IHOCNI- IocN-l

K,=rH+l5oeR'r-l tHocN + H++ocN-l

K. = tH+l IoH-l
Combining these equations,

,. K,, 10-14

^r=x;=a:5:,ro=
lo-10 IT5r'r;lo-3 = {l:r'= 16-o

.. %age hydrollBis = l0-a x lfi) - 0.01
Pntbkn )0. An aqueous solufion of anlllne ol

corcentration 0 24 M is prepared. Whst conccntrstior
of sodlum hydmxlde is Deeded ln thls solution so that
snilitrlum ion concertratlon remains at I x l0-t M ?
(K., for C6H5NH3 + =2.4xrc-5[) (Rbo*ce tgg6)

Sohrtion. In aqueous solution, aoiline is
hydroD^ied as

C6H5NH2 + Hzo + cuHrilH, + oH-
When NaOH is added, hydroDsis wi be sup-

pressed so thai in the finalsolutoiD,

+
{c6H5NH3l = lo-t M (Given)

If co[c. of NaOH added is .r rnol L-t , then ar
equilibrium

lc6HjNII2l = 0.24 - 1o-8 = o.z4

+
[C6H5NH3] = l0-8 M (ciren)

[OH-l - 1O-t+r= rM
.. Hydrolysis consknr,

+
,, [c6HrNH3]JOH-lNr'=-TQENET- ".(4

Further, we arc given

+
c6ll5NH3 

-) 
cofIrNH, + H+

,. lc6H5NHrl lH 
+l

^.=_-----_i-...(Il)
lc6H5NH3I

Arso IH+l IOH-I = Kr? ...(r,,
Combining eqns. (i), 0?) and ( )

,, K* lo-t1 to-8^,=4=r;;ro-=z.a-
SubstitutiDg rhe values in eqn. (i), we get,

10-8 l0-8 xr
i=T =tr which gives r=to-2M

Problen 2l.l sa6ple of hard water contelns 96
ppm ofSO!- ond tt3 ppm of IICOJ- with Ca2+ as the
onlycntion. How mary moles ofCaO will he required to
remove HCOt ltom 1000 l(8 otthts wsrer ? If l0O0 kg
of this water is trested wlth the amount of CaO calcu.
laied above, whet will be the concentrotior (in ppm) of
residuat Co2+ ions ? (Assume CACO3 to be cornpletely

insoluhle in water), Ifthe Co2+ ions in one litre ofthe
completely exchangcd with hydrogen
its pll ? (Onc lpm rhcans ore part ofin one miuior ,^* 

O1!.r\)i.1,
SOn2- present in 10Oo kg ofwarer

= 3$ x t00okg = 96 g = #= I mote.

HCO3- present in l0O0 kg ofwarer

=l{-" tmo rg = l83g=ff=3ms1es

Ca2+ presenr atongwirh SO?- ions = 1 mole

Ca2+ present atongwirb HCO; as Ca 1HCO3)z
3

= t mole

.. Tbtal Ca2+ present in l00O kg ofwater

=l+i=25moles
CaO added will react wrrh Ca (HCO3)2 as follows :

Ca(HCO3)2 + CaO- 2 CaCO3 l +H2O

But Ca (HCO3b prcs e* = | mole (calculared above)
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;. CaO rcquired =imole = l 5 moles

Alter treatment with CaO ie. remc'val of

Ca (HCOr2, amouni of Ca2+ Ieft (due to caSoa only)

in 1000 kg ofuater = 1 6e1e = 40 !
.. Concertration of residual Ca2+ (in PPm)

= /() ppm

Now lffn kg ofwater conuitl Ca2+ = 1 molc

.'. lfl)O g of water tt/ilt contaio Ca2+ = 10-3 mole

No. ofmolesofH+ sxchanged - 2 x 10-3 mole

:. pH= -lo8@x 1O-3)-27'
t'roblzn 2). A sample of AgCt wss trc8ted wlth

5.lXl ml of 1'5 M Na2 COt solution to SiYc A*2CO3' The

remoining solutlon cotrtstucd 0 0026 g ot Cl- per lltrc'
CatculatJ the solobtltty prodoct ol fuCl (Kr lor

A82CO3=t z x ro-2; (I.I.T teen

1 .5 M Na2co3 gives ICoS-l = l 5 M

Ile for As2co3 = lAs+F tco3-l

.1 [Ag+] =
,/+

=2'34xlo-6M
Ktp for AgCl = tAg+l tq-l

=(2.34x10-5(#)
=171 xt0-lo

Pa,httu 21. At acidtlIp lrdl@tor, HIn dilfers lu

colour ftom lta coqjuSstc bose (In-). Tte humon eye is

seEttive to c{lour differ.nces only wher the ratlo

lltr-I/tgbl ls 8Ert r thatr 10 or smollcr thsr 0 1'

i{hai shoul! bc ihe mhltEum chanSc ltr the pH of the

solutlon to obs.ra. a cuPletr colour chatrge'

(K.=t o x 16-5; r (l.I.T teeT)

t'ntl,hn )t. CtllNhte the rmolnt of NH3 and

NII4CI required to PreParc a bulTer solution ofPII9 0

when totall concentr$tion of bttfTerlng reagenls is 0 6

mol L-1. pK5 for NHJ = 4 7, log 2 = 0 30.

(Roorkee 1997)

Solrrtiop. pH = 9 0. l{eoce pOH = 14 -9 = S

poH = pKb+ q##
lsaltl lsaltl

s = 4.? + lociE sel or logiBaaET- 0.3

ISaltlo' iB#T = Anrilogo 3=2

i.e. lsalt] =2xlBase]
Also we are Siven :

lsaltl + [Base] =0 6molL-l
This on solviDg gives [Basel = 0 2 mol L-l
and [Sflltl = 0 4motl-r
t'n,l'ltn )5. K, for ascorbic acid (HAsc) is

5 x 10-5. Colcrlate th. hydroger iorl concentration
snd percentage ofhydrolysis in on aqueous solution in

which the conc.[tmtion ofAsc- ions is 0 02 M'
(kn*ee 1997)

Solution. As ascorbic acid is a weak acid, aqueous

solutioD of ,{.sc- meaos the solution ofa salt ofwsakacid
with strong base. For such a salt, degr€e of hydrolysis is

giveo by

,=\T-Vr;im=

Solution.- H In <- H+ + In-,

lH+luD-l
&=--Ttrni--

IHIDI
or tll+l = K, 

ttnT
when [In-]{HInl = 10,

lH+l=10-r,fr=ro-u, PH=6

when Un-l4HInl =01,
IH+l = tO-s 1 lQ = lQ-4, pH = 4
.:. Minimum chaoge in PH = 2

= r0-4 = l0-a x tOO% = O.Olqo

Asc- +H2O + HAsc + OH-

c mol L-l
c-ch ch ch

[OH-l =slt =O 02 x1o-1 = 2 x to-6 mol L-1
K ,"-t4

..IH+l = ---+ = -r:- ?

:5 x l0-9 mol L-r
I'rtl'ltt 26. The solubility product ol SrF, in

waterlst x I0-10. calculate its sotubllity in 0'1M NaF
nqueous solution. (Roorkee 19971

Solution. As NaF is a strong electrolyte, it ionizes

completely. Hence[F-] = 0 1 M

\o for srF, = ts*+l tF-12

... Bx 1o-lo=[srz+] (0.1)2

K* for A&cOr _

tco3-1
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or [Sr2+1 =3x t0-8molL-1
. Solubiliry of SrFz in 0.1 M NaFsol.

=axl0-tmolL-r
i t t,/,i, ,tj :-

Z0{} ml of nn oqu
hixed lYith 300 ml
=12 0)?

sohrtion. pH = 2 meaos [H+] = l0-2 M
PH=12meansJH+l = l0-12

or [oll-] = l0-2 M
Ttrus, 2fi) ml of 10-2 M HCt are mi\ed wirh 300

nrl of l0-2 M NaOH. After neutralisation NaOH left =
100 ml of '10-2 M

Tbtalvolume after mixing = 566 r1
. In the linalsolution, after mixing

IoH-l - lo;'= 
2 x lo-3M

rn-14
or lH+l= rv -=5xt0-12' 2xl0-'
'. PH=-log[H+l =-tog(S,. ro-12)

= l2 - 0.69 = 1r.39
l'n $lr ) D I \ Determi\e the rumber of Eoles ofAgl

which may lre dissolved in 1.0 litre of 1.0 M CN-
solution. Kry for AgI olld K. tor Ag(CN)2- are

l 2 x lO-1 M2 
^nd 

7.l x l0I911-2respectivety.
(Roorhee I 99E)

Solutior, Suppose number or molcs ofAgl which
Dray be dissolved in I .0 litre of I .0 M CN-solurion = r.Then

AgI (r) + 2 cN -(44) <-[A8(CN)2]- + I-

= (1 .2 x 10-17) x (.1 x l0!e;

= 8.52 x 1O2

-2'. --l- = 8.52 x 102(t - 2x)

or 
-J77=Zn.Zor x=29.2-58.4t

ot r=O.49mole
l't,,hlult )9.O.16 got NrHa ore dissolved inwater

alld the total volumc Esde upto gxt ml. Colculate ahe
perccntage of N2lfa thst has reocted ryith water in this
solutior. The K, for NzHa ls 4.0 x l0-5 M.

(Roorkee l99E)

N2H4 + H2O i:r N2Hj+ + OH-
Conc. of N2Ha = O. t6 g iD 500 ml.

= 0.32 s L-l = 
oriz 

mor l-r
=0 01 M = l0-2M

I(, for N2H{ = 4.0 x 10-6 M (civco)

^-./*-

Intial x
moles

Moles 0 l-zx x x
after reaction

,, [As(cN)rl- [r-l .]
^'q=--tcr.r-F -= iZf (')

Further, AgI (r) i- AB+(a9)+r-(,rq)
I(,p - tAg+l II-l = 1.2 x lo-t7(civen) ...(ii)

Ag+ 1aq1 + 2 cN - (aq) 
== [Ag (CN)21-

10-1.
4xl0-5xlO-2

= | " 16-: = n.. x l0-3 = 0.1sq,

The solubility of pb(OII), in water is
6 7 x 10-5 ltl. Calculate the solubility ofpb(OH)2 in a
bulfer solution ofpH = t. (.1.I t9ee)

sotutior. pb(OH)2 i-l pbz+ + 2 OH-
- \e = [Pb2+] [oH-]2

=s x (2 s)2 -4F -a x (6.7 x to-6;3
=120x10-15

In a solution with pH = S, [H+] - l0-8
and [oH]- = l0-6
. 1.2 x 10-15 = [Pbz+] x (10-6)2

or lpu2+1- 
l2x1,0. 15=l.2xlo-JM

(10-6)2

_ - !. t.:, ,/Tlrobullers(X)andfy)otpH4.0and
6.0 respectively areprcparcd from acid HAand the salt
NaA. Both the burfers are 0.S0 M ln tIA. What would
be the pH of the solufion obtained by mixing equal
volumes ofthe two bullers ? (KHA = 1.0 x lo-J)

(Roorkee 1999)
Solutiorl For bufer X,

IAEI CNLI-It =,^ffi = 7.1 x lore(cryen) ...(,iD

From eqn. (0, (n) and (rt)
L' = \r'4 pH =p K" + tog ffiie. 4 = 5 + ros I3:$

,
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rog+ll- - r

SS- 1s-'

lsalt] = 0.05 M

For bufier'{

pH=px"+logffi

i.e. 6=s+logffi

or togff+= I

or $$= ro

or lsalt]=5M
when equalvolumes ofboth the buffers are mixed,

lAcidl = 0 '5'

1sattl =IJ-9-91 =z sozs

pH =p Ka + rosffi,I+

2.5025
=s+rog_otj_

=5+1o85'05=57
I)1,t,ic .l2 Determine the concentrstion of NH,

sohtion whose one litr6 gsn dlssqlve 0 10 mole AgCl '

Klp of Agcl and K, of fu(NH3)f ore I 0 x 10-10 M2

anrl 1 6 x 107 M-2 resPectiYely. (Rn*ee 1999)

Solution. AgCl- Ag+ + Cl-

' 0 1 moleAgclondissolutionwill giveo 1 mole

Ag+ aDd 0 1 mole Cl- ioDs. A8+ ions willcombioewith

NH3 as follows :

Ag+ + 2NH, + Ag (NHa)z*

Henc.e [Ag+] + [Ag(NH3)z+] =o l mole ...(i)

Also for the above formation reaction, we are givcn

. ttu(NH3h*l
b= r.e , 10,= 

lAf I1NHF

F\rrther [A8+] [cl-l = K"p = 1o-lo

or [Ag+] (0 1) = 1o-ro

or [A8+l = 1O-e'

NeglectiDg this cotrc. in eqn. (i), we 8et

lAg(NH3)z+l - o'1.

Putting tbcse values in eqn. (ii), we 8et

---9j...._:=r.o*to'l0-e x [NH3]!

or tNH3l2 = ----'=-ia-----:-=

I
=re_ 

" l!=

or rNH,l = ----l---"- = 2 5 M' '' 4x10-'
Also O 2 M NH3 is need€d to dissolve 0'01 M

Ag+ ions. Thus

[NH3] = 2 5 +O'2=2 7M'

.l'r.)rl€r, -J.i. The averoge concentratlon olSO2 ln

the atmosphere over o city on a certah day ls 10 Pprn

when the avernge temPeroture ls 29t K. Giver that the

solubtlity of SO, In nater at 29t K is 1'3553 moles

litre-l and thcPKd ofH2SOS ls 1 92' estimste thePH

ofrr|n on that dry. GI'I2000\

Solution. SO2 + H2O -- HrSO3

[HrSO3l = lSO2l = 1 J653 moles litre-l

H2so3 i+ 2H+ + Sol-

Supp6e at equilibrium, [H+] =r mol L-l

Then lH.so,l = h:osr -4'1,\.i

tsoS-l = ; morL-1

,. tH+F tso3- |n,=1ffi{f-
x2 xx/2 .^-r'92

= (1T65T=777i - tt'

( " PK, = 1 92meaDs - logKo = 1 92

or log K.d = - 1'g2or'Ka= 10-1 e2)

Neglectingrz in comparison to 1 3653, we get

y' 
- ,,.,-r.ez

2xT:36tJ-'"
or f =z noe ,1 16-1 92

(rr)
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or 3 logr = toE2.73O6 - 1.92

= 0.4348 - 1..92 - - t.4t5Z
or -logr=0.485
i.e. pH = 0.4t5.

lrntbk'n .1J. What lIJ,rO 
+l hust be maintained in

n satumted H2S solution to precipltate pb2+ lrut not
Zn2+ from a solution in which each ion is preselrt at a
concentration of0.01 M ?

IK,? H2S = I .I x 10-22 anrt K, ZnS = I .0 x l0-2rl
(Rarkte 2000)

Kry for ZnS = to-2r

and [Zn2+1= o.U M - l0-2 M

But KrP (ZnS) = [zn2+] [s-2]

i.e. 10_2r = [10_2] [S2_]

or [S2-] - lo-le M

Thus to preveni precipitation of Znz+ ions, lS2-]
must be less than l0-19 M. Further

2 H^O
HzS ---:* 2 HrO+ + 52-

; K,p (Hzs) = [H3o+]2 [s2-l

l 1 x 10-22 = [H3O+]2 x 10-te

or [H3O+]2 = 1 1 x 10-3 = l l x l0-a

or [HrO+; = 3 32 r. 1n-z t.
l'thh nr ti. 0.01 rnol of AgNO3 is 6dded to ore

litre ofn solrtion which is 0. 1 M in Nfl2CrOn and 0 005
M in NaIOr. Calculote the mol ofprecipitote formed flt
equilibrium nDd the concentration of Ag+,IOt trnd

Crol - (Kry values otAg2Croa ard AgIO, ore l0-t and

10-r3 respectively). (Roo*ee 2001 )
Solution. 2A!NO, + Na-CrO,

0.1 mol

...- AgzCrOq + 2NaNO3

A8NO3 + NaIO3 * AgIO3 + NaNO3
0.005 mol

AgNO3 rhat will reacr with NaIO3 = 0.fft5 mol

AglO3 (ppt.) formed = 0.0O5 mol

A8NO3 left = 0.01---0.005 = 0.005 mot. Whotc
of it will react completely with N%CrO1 (as it is presenl
in larger amounr).Na2CrO4 reacted = 0.0052 = 0 OOX
mol. Hence NECTO4 teft = 0.1---0.0025 = 0.0975 mot

AgzCrOa (ppr.) formed = 0.0025 mot.

Total [CrO:-] = 0.0975 mot + CrOl- obrained
from Ag2CrOa (negtigibte)

- 0.0975 mot = 9.7S x l0-2 M

AgzCrO4 
-2Ag+ 

+ CrO;-

K,p (A82CrO1) = [A8+ j2 ICrOl-]

IAB+]2x(9.75 I 1g-2; = 16-8

or [Ag+]2 = 0.1 x 10-6

or [ng+] = 0.32 x 10-3 M

= 3.2 x lo-4 M
Total precipitate formed = 0.005 + 0.0025

= 0.0075 rDol

This is the rotat [Ag+] preseDr in the solution (ob-
tained from A&CrOa and AgIO3).

AgIO3-Ag++lOt

KrP (A8IO3) = lAc+l tlotj
1g-13 = 13.2 x 1o-4) IIo3-l

or [IO3-] = 0.3125 x 10-e

= 3.125 x l0-lo M

(i) Colculate the degree of dissociatlon of acefic
acid in the rcsulting solution and pH ofthe solutioD.

(ii) If6 g ofNaOH is ndded to the obove solutioh,
determine the linal pII JAssume therc is no change in
volume on mixing: Krofaceticacid is 1 .75 x 10-f mol

L-rl u.I.T,2oo2)
(i) Miltimotes of CH3COOH

= 500 x 0.2 = 100

Millimotes of HCt = 500 x 0.2 = l0O

Finalvolume after mixing = 596 1 5gg

= 1000 nrl-



r'rndt' t,t,'s Nett Course Chemistryl$[)
8lt8

,. lcHicooH}=ffi=o rru,

tHol -ffi=o 1M

cH3cooH + cH3coo- + H+

Before O1M 0 01M
dissociation (from HCI)

After (0 1-r) 't (0 1+')
dissociation

As in tbe Presence of HCl, dissociation of

CII3COOH will be very small (due to coormon ion ef-

fect), -r is very very sn]all. Hence

- rr0 1)
Ka = -ii.f =r

= I 75 x lo-5 mol L-t lcivenl

... Degiee of dissociation = # = UHgj

=175xl0-'
= O'O01157o

Further [H+l=01+r-01
pH - - log0 1- 1

(ii) 6g of NaOH = fr mole

= o 15 mole

Hencc now the equilbrium will be

cH3cooH + HCI + NaoH €

Solution. C6H5COOA8* Cunr()OO- * Or*

Solubility ir water. SuPPose solubility in water

= r nrol L-1. Then

JC6H5COO-I = [Ag+] =r mol L-1'

.. P =K,oor, =",q = Vz s x to-13

- 5 x to-7 mol L-l
Solubility tn buffer of PH = 3 19

pH -3 19meaDs - loglH+l =319

or log[H+]=-319=481
or [H+] =6 45?xlo-a
C6H5COO- ions oow combine with the H+ ions

to form benzoic acid but [H+] remairis almost constant

b€cause we have buffer solutio[. Now

C6H5COOH <- CeHsCOo- + H+

-- [c5Hscoo-] [l{+l
_ 

^,=_rqs_Foosl-
IC5H5COOH] 1g+1 6.4s7 x 1f|-4- ofiffi=tr=:--::+::=' - ro "'(')

SuPpose solubility in the buffer solution is y

mol L-1. Then as mosl of the beozoate ioDs are con-

verted into benzoic acid molecules (whicb remain alnlost

iooized), we have

y = [Ag+] = [c6H5coo-l + Ic5HscooH]

= IC5H5COO-I + l0 [c6H5coo-]Initial 0'l
Ar eqm. 0 05

o 1 0.15

00
cHrcooNa + NaCl + H2O

000
0.05 0 o

Thus the solution will now be 0'05 M in

CH3COOH aod 0 05 M iD CHJCOONa i€' it is acidic

buffcr.

pH=-rosKd+b8#i:l

= -loc(1 '75 x 1o-5) + lo8oq8;

= 4'7s1

i'r ,hlttn ti The ioDizotlon constsnt of benzoic

acid is 5 46 x l0-5 ond K? for sllver benzoate is

2 5 x 10-rl. How mhny timc6 is sllver betrzoate more

soluhle in a buffer ofPH 3 19 comPared to its solubility

in pure water ? w c'E'R'r)

= l l [C6H5COO-]

... tc6H5coo-l =+
'. K,e = [C6HsCoO-] [A8+]

i.e. z.s x 1o-3 =+ xy

ot f =215 x 10-12 or y=166x10-6

v 1.66 x 10-6 - .^
r 5 x l0-'

Note lh8t in case of salt of weak acids, the solubility

is more in tbe acidic solutios than in watcr. The reasoD,

in general, may be explained as [ollows :

Taking ermmPle of C6HlCooAg, we have

c6HjcooAg # cerlscoo- + lg*

(usiDg eqn. (i))
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ln acidic solution, the a[ions (C6H5COO- in the
presenr case) undergo protoDation lo presence of acid.
Thus, C6HTCOO- ions are remo!,ed. Hence equilibrium

shifts forward prGlucing more Ag+ ions. AlterDatively,
as C6FI5COO- ions are remowd, Orp dccreases. IR
order to nraintain solubility product equilibriunl
(Orp = K"p), Ag+ ion concentration musr increase.
Hencc solubility is more,

t'tihtu, .lS. Cslculate the solubility ofAgCN in a
bulTer solution of pH 3.00. K,p for AgCN is

2 2 x 10-16 anrl t! for HCN is 6 2 x l0-r2.
Solutioh. SiDlilar to problem 37. We shalt get

_lrisy=qf=,0-, o= r.6x ro6[CN-l K, 62xl0-l
sorubirity. r = JAs+l = [cN-] +[lIcN]:[HcNi

(as [CN-] = [IICN],/(I 6 x 106; is negligible in
conrparison ro HCN)

... rcN-t - [HCN] = x
I6xl0o l.tr x 106

KrP = [Ag+] ICN-]

=22x1O-t6l.6Xt00 -'

ot .t = 1.9 x 10-5 mol L-r.
I !..., t, /t ttt 0.1 M HA is titrated agsinst 0 I M

NaOH. Find the pH nt the cnd point. Dissociation con_

stant for the acid HA is 5 x l0-5 oncl the degree of
hydrolysis, /r < 1. 0.1.i 2004)

Solution. HA + NaOH-NaA + HzO

(weak)

At the end point, their equir"alent amounts react
together

. . In ihe final solutioD, tNaAl = + = 0.05 M

As NaA is a salt of weak acid and strong base, it
hydrolyses as

A- +H2O 
=+ 

ga+OH

For sucb a salt,

pH=7 + +lpKo+ togcl

=t +l.be6 x lo-5 + togo.o5l

1

= 7 + r16 - 0 6990 +0.6990 - 2l

=9

-- -_i't.,,! 
1,, t J/r Assmple of hixed alkalis contairlng

NaOH and Na2CO, is tirrated in the following two
schemes:

(it l0 ml ofabove mixture requircs t ml of0.l N
HCI by using phenolphthatein.

(ii) l0 ml ofahove mixrure requires l0 ml of 0.1
N HCI hy using methyl orsnge,

Calculate the ratio of the weight of NaOII ard
NarCO, in the sample mixture,

(Wcst Beng I l.E. E. 2 0041
SolutioL Basic principle iDvolved is as follows :

Acid used with phenolphthalein as indicator.

= Complete Deutralization of NaOH
I

+ i neulralization ot NazCO3

Acid used with methyloraDge as iDdicator

= Complete neutralizatioD of NaOH
+ Completc neutralization of NECOJ

M eq of HCI used for l0 ml of mixlure usinB
phenolphthalein

=8 x0.t = 0.E

. . M eq of NaOH + + M eq of Na2CO3 = 0.8

...(,)
. . M eq of HCI used for l0 n)l of mixture using

methylorange

= 10 x0.1 =l
. , M eq of NaOH + M eq of NazCO3 = 1 ...(ri)

Fronl eqns (i) and 0i),
M eq of Na2CO3 = (1 - 0.S) x 2 = 0.4

M cq ofNaOH = I - 0.4 =0.6
Eq. wt of Na2CO3 = tO6/Z - 53

Eq.wtofNaOH=40

.. 0.4 M eq ofN%Co: = 1ffi x 0.+ = o.o2t\g

0 6MeqofNaoH = ffi , o.c = o.rzr
Ratio of weight of NaOH and NECO3

= o'02a / O.0212 = 1.132
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l. Mcral ions like Ag+, Cuz+etc-aclas

(a) Bronsted aqd (D) Bronsted bases

(c) Lewis acids (d) Lewis bases'

2. With increase iD temperature, ionic product of
\!ater

(glncreases (r) decreases

(c) remaiDs umffocted
(d) may increaso or decleale

3, In the titration ofaweak acid agailrst a strong base,

at the half-equivaleDce Point (half-neuualisation)

MS, AFMC, DPMT, CPMT, BHI
lations

t, The following equilibrium is established when

bydrogen chloride is dissolved in acetic acid.

Hcl+cH3cooH qJ 61-.'6tI1699I]r+

The sst that charactcrises the conjugate acid base

pair is

(a) (Hcl, cH3cooH) and (cH3cooHi' cl-)

(b) (HCt, CU3cooH2+) and (cH3cooH 
' 
cl-)

(c) (cH3coOH2+, HCD and (cl-, CH3COOH)

. (d) (HCr, cl-) and (ctr3cooH2+' CH3COOH)

(1.1.7:199))

'9.' Which of fte followinS solutions willhave pH clGse

' to10'l
(o) 100 ml of (M/10) HCI + 100 Drl of (M/10)

NaOH
(D) 55 nrlof (M/10) HCI + 45 n,llof (M/10) NaOH

(c) 10 n of (M/10) HCI + 90 mlof (M/10) NaOH

_(d) 75 nrl of Gv!s) HCI + 25 ml of (M/5) NaOH

t l.l. l. !t)gL:

10. Which of thc following will occur ifa 0 1Msolutioo
of a weak acid is diluted to 0 01 M at collstaot

temPerature ?

(d) [H+]will decrease to 0-01 M

(b)pII will decrease

]rlpercentage iooizatioowill increase

(d) Ka will increase.

. (Ji'1- '\:Il '1|'llvtl'kl lt)t))

11. The ptl ofa 10-t0 M NaOH solutioD is Dearest to

(o) l0 (b)7
(d) -10.

(M.L.N.R. Allthabdd 1992 )

@pH=+pK,
(c) pH = 2P\

4. ThepHof a lo-sMsolutionof IlClin water is

(c) 8 (D) -8
(c) between 7 and 8 (4betwccn 6 and 7'

' (M.L.N.IL Nrahabad 1990, M'P PM'T 1996'
Haryarn C'D'E'T 2000)

5. At 90"C purewater has [H3O+l = 1o-5 M what

is the value ofKl, at this teDlPeraNre ?

.6ro-"
(4 10-14

(M. L.N. R All4h4bd.t I 9 9 0 )

(a) 10-5

(c) 10-13

(about 25'C) is

(4) MS (oHh

(c) Ba (OH)2

(07pH = pK"

(d) Nonc is correct.

(b) ca (oHh

FlBe (oH)z.

(I.LT l99o

6. GNen that lhe dissociatioD coosiant for H2O is

Kp = 1 x lo-14 mol2 litre-2, whal is the PI-l ofa

0 001 M KOH solutioD I

(a) 10-1r (b) 10-3

(")3 kf1t.
(M.L.N.k AllLltdbdd 1990) W

i. Among the following hydroxides, the one which has

the lowest value of Ksp at ordinary temPerature 12. The prccipitate of CaF2 (\, = l 7 x 10-10) is

oblained when equal volumcs of tho following aro

mixed:

(4) 10-4 M ca2+ + 10-4 M F-

.llb) to-2 M Ca2+ + lo-3 M F-

1.c
11. ,

2.a 3.b 4.d 5.b 6'd 7'd E'd e'd 10' c
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14.

(c) 1o-5 M caz+ + 1o-3 M F-
(d) 10-3 M ca2+ + l0-5 IUF-.

Acerrarn buffer solutioD contalns equal coDcentra-
tion ot X- aDd HX. The Ka for HX is l0-8. 'l}le
pH of tbe bufler is
(a) 3 -(r) 8
(c) 1r (d) 14.

Which of lhc followiug is not a Lewis basc ?

moles of HCN in water aDd lDaking upto total
volume to 500 ml is

<tq 9.3o (b)'7 30

. (c) 10 30 (l)8.30. i t ,

19. The solubility otAgI rn NaI solution is les.s than that
in pure water becausc :
(.r) AgI forms coDplex wirh NaI
(b) otcontn)on ion effect
(c) solubiliry producr ofAgI is tess rhan thar ofNaI
(d) lhc remperaturc of the solution decreases.

20. Whal is thc percentagc hydrolysis of NaCN in N/80
slutioD $'hen thc dissociation conslaol for HCN is

I 3 x 10-e and Kx/ = 1.0 x lQ-la

@)2.a8 (b)s.26
(.) 8 2 (d) e.6

\ t' : | 1 l

'.?t. Thepll indicators are

(4) salts ofstrong acids and srrong bases

(D) salts ofweak acids and weak bases
.. (c) eitber weak acids or weak bases

(r/) cither strong acids or strong bases

22. -Ihe solubilily producr of AgCI is 4.0 x 10-10 ar
298 K. The solubiliry of AgCt in 0.04 m C2Cl2 wi
be

(a) 2.0 x l0-5 m (b) 1.0 x 10-am

(c) 5 0 x 10-em (d) 2.2x1O-am.

23. How ntuch sodiunt acetate should be added to
0 I m solution of CH3COOH to give a solution of
pl I 5.5 (?K! of CH3COOH=a.5).

(a) 0.1 m

+)F1.0m
(b) 0.2 m
(d) r0.0 m
,llttr\!. tr( t ! i ,

.14. The srrondest base of lhe tollowing species is

(a) Nrr2- (6) OH-
(.) o. (d) s,-

25. Which of rhe following sutphides has rhe lowesr
solubility product ?

) (4) Fes

(c) Pbs

lsfas*
(c) cN-

(,) QHso-
(c) F-

(D) H2O

(d) NH3.

15. Which anion is the weakest base ?

(d) Not
(d) cH3coo-

16. The correct order of increasing [H3O+l in the

following aqueous solutions ts

(.r) 0 01 M HzS < 0.01 M H2 SO4

< 0.01 llt Nact < 0.01 M NaNO2
(6)0 01 MNaCl <00lMNaNO2<0.01 M

II2S < 0.01 M H2SO4

(c) 0,01 M NaNOz < 0.01 M NaCl < 0.01 M

H2S<001 M H2SO4

(l) 0.01 M H2S < 0.01 M NaNO2 < 0.01 M

NaCl<0.0tMIlzSO4.

Uir. 'llre best explamrioo for rhe solubitityof MnS in dil
lIClis that

(.r) solubility product of MnCl2 is less rhan rhat of
MnS

(D) concentration of Mn2+ is Iowercd by the forma-
tion of complex ioDs with chloride tons

(c) concentration of sulphide ions is lowered b_v

oxidation to tree sulp-hur

(l) conceDtration ofsulphide ions is lowered by the
lbrmation of lhe weak H2S.

The pKa of HCN is 9.30- The pH of a solurion
prepared by nri\ing 2.5 moles of KCN and 2 5

It.
(b) Mns
(d) ZDS

12. b 13. b 14. o 15. b
22, c 23. c 24. a 25. c

17. d 18. a 19. h 20. a 2t. c16. c
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26. The pH ofa solution obtained by mixing 50 ml of
0.4 N HCI and 50 mlof 0 2 N NaOH is

(a) -lo9z(c) 1.0

pfAutoprotolrsis constant of water increases with
temperature

(d)Wheo a solution of a weak monoprotic acid is

titrated against a strong base at halfneutraliza-
fion Poioi, PH = (12)PK.a.

(r) 
-log 

0.2
(d) 2.o.

(b)1
(d) None of these

i,.
27. lD a mixture of a weak and its sall, lhc ratio o[ thc

conccntration of acid to salt is incrcased tenJold
'[tepH ot the solulion

(a) decreases by one (r) decreases by one tenth

(c) increases by oDe (d) iDcreases ten-fold.

2t lfa neutralsolutron hasPKv = 13 36at50"C (heD

plI of the solution is

IIT t992

The concentration of [H+] and IOH-] of0 1 M
aqueous solutron of2oZ ionized weak acid is (ionic
product ofwater = t x 10-1a.1

(a)0 02 x l0-3Mand5 x 10-11 M

(b) I x 10-3Mand3 x lO-11 M

(c)2 x 10-3M and5 x lo-12 M

(d)3 x 1O-2Mand4 x 10-13 M.

The strongest conjugate base is
(A 6.68
(c)7.63

r.4.li,1I (. l\tnt 1997, K ttla l: l: I -""' i
LrlThe solubiliry product of CuS, A82S and HgS and

10-31,10-44 and 10-51 resPectivcly. The
solubilitiss of these sulPhides are is the order

(.l) Ag2S > CuS > HgS (6),{825>HgS>CuS

(c) HgS > A&S > CuS (d) CUS > A&S > HgS.

t( ll\t l)\l t t j')-

30. If pKD for flouride ion at 25'C is 10 83, the iooisa-

tion constant of hydrofluoric acid at this tempera-
ture is

The solubility of a saturated solution of c€lcium

fluoride is 2 x 10-4 moles Per litre lls solubility
product is

(a) 12 x 1o-2

(c)22 x lo-11
t('.lt ,\ l, l:)11.1 )9YY)

A monoprotic acid in a 0 01 M solutioD ionis€s to
0.001%. Its ionization constallt is

36.

v{

(a) Nol
(c) sol-

(a) 1.0 x l0-3
(c)10x10-8

(a)6.1x 10-'
(c) 3.05 x l0-'

(b) cr-

. (d) cH3coo-

(a) 1.74 x 10-5

(c) 6.75 x t0-'
(6) 3.52 x 10-3

(d) 5.38 x 10-2

(t) 14 x 1o-'
(4Zz x 1o-rz

(6) 1.0 x 10-6

(y'; 1.0 x t0-r2

Irflsn4+l [s2-12

31. 'lhe solubility of ArX, is y mol dln-3. Its solubility

product is

(a\ 6 va

(c):61

(a) Na2CO3

(c) HCO3-

3t. What is the correct rePresentation for the solubility
product ofSnS2 ?

(c) [sn2+l ls2-]2
(c) [sn2+l [2 s2-12+2. Which of the followi[g can act both as Bronsted

acid and Bronsted base ?

(D) oH-

(d) NH3

(trl.P Pltl l: l9t

q3. Which of the following statement(s) is (are) cor-
rscl ?

(a) The pH of t 0 x 10-8 M solution of HCI is 8

(6) The conjugate ba.se of HrPO! is HPOI-

(D 6av'

<affiats. tt.t.t: teeT

39. The solubility of CaCo3 in water is 3 05 x lo-a
molesritre. Its solubility Product will be

0dls +l [2s2-F.

(D) e.3

(d) 9.3 x 10-8

27. d 2E, a
37..1 38. ,

40. pH of water is 7. When a substance Y is dissolved

in water, thepH becomcs 13. The substance Y is a

salt of

,r{Rs
31..1 3L c 33. b'c 34, c25. c

f6. cl

35, d
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(d) weak acid and weak base

(b) strong acid and strong ba,se

(c) strong acid and weak base

(/) weak acid and strong base.

4I. The pH 0 1 M solutron of the following salrs in-
creascs iu the order
(d) NaCl < NHaCI < NaCN < HCI

(b) HCI < NH4CI < NaCl < NaCN

(t) NacN < NH4ct < Nact < HCI

(d) HCI < NaCl < NaCN < NHaCl.

'42. Which one of the following is true for aly Orproti"

(c) Weak acid and its salt with stroDg base

(d) Weak acid and irs salt with weak base.

Ii.ll t :,11,
' {A Which solurion wlll be strongly acidic ?

(a) wheD pOH=4 5 (6) whenpH = 0
(c) when poH = 14 .(d) Borh (b) and (c).

\(' I)ll T. )tttt,,
4t. The?H ofan aqueous sotution ofCH3COONa will

be

(a) 7

J"T9
49. Which of the followiDg is no, a buffer ?

(a) HrCOrt HCOI
(6) CH3COOH/ CH3COONa

(c) NHaOH/NHaCI

(b)3
(d) 14. tc.PM.T. 20001

acid, HzX ?

(a) &z t K,r

(.) K,, = *

Ff*r'xo
(d) \"2 = K,r.

t( B S.Ii. I!.v.'|- 2000\

43. The conjugate acid of NHz- is

(6) NH2OH

(d) N2H.:

t (" R. 5. li. I!,r1.T. 2000)

44, Which of the following statements aboutpH and

H+ ioo conc€ntration is incorrect ?

. (d) Asolution ofthe mixture ofoneequivalent each
of CH3COOH and NaOH has apH of 7

(6)pH ofpure neutral water is Dot zero
(c) A cold and concentrated H2SO{ has lower H+

ioD coDcentration than a dilute solution of
H2S04

(d) Additioo of one drop of conc€Drrared HCI in
NH4OH solution decreasespH of the solution.

,i,\: 1',t - )it

45. Which of the followiDg has lowesrpH valuc I

50.

(a) NHo+

lrlirHj

(b) 1 M NaoH
(d) r M qHsoH.

Which solutions are mixed to form a buffer solu.
lioD ?

(a) Strong acid and ils salt with strong base

(6) Strong acjd and its salt wiih g,Eak bas€

51.

(o) o

tir

(c) 3.4 x 10-a

-(9!5-B x 10-3

(a) I M Hcl
{.r1 M H2so1

40.d 4t.b 4Lb
50. c 51, c 52. c

.1afNH.ouzcnrcoon. t r.r.prr.ri.R. 2i)00t
For a buffer with equal amouots of the salt and rhs
acid with K, = to-t, thcpH is

(D) 13

(d)8-log2.
( Ha4dru C.E.L.T 2000)

Iorisation onstant of CH3COOH is 1.? x lO-5
and conccntration of H+ ions is 3.4 x 1O-a. Then
initial cooclntratioD of CHsCOOH molecules is

(D)3 4x to-r
(d)1.7x10-3

t (. B s.L. P,tl't: 2()0 I \

52. In HS-,I-, R-NH2, NH3, order of proto[ ac-
cepting tendency will be

(a) I- > NH3 > R-NH2 > HS-

(D) NH3 > R-NH2 > HS- > I-
(c) R-NH, > NH3 > HS- > I-
(d) HS- > R-NH2 , NH3 > I-

t(. B \.t.: It11,t: 200t\
53. HydrogeD ion concentration of aD aqueous solu-

tion is I x t0-4 M. The solution is dituted with
equal volume of warer. Hydroxyl ioo conc€Dtration
of the resultant solutio[ irl terms of mol dm-3 is

(c) 0.5 x l0-to dzxrc-to

45. c 46. c 41,.1 4t. c 49. tt43, c
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(c)1x t0-6 (d) 1x 10-6

54. pH ofa solutlon produced when aD aqueous solu-

tion ofpH 6 is nrlxed with an equal volume of an

aqueous solution ofpH 3 is about

@)a s (6)4 0
(c)a.3 (d)33,'

55. ThepKo of a weak acid ii 4 8. what should be the

ratio ol [Acid]/[Salt] of a buffer if pH = 5 8 is

(d) NazS > ZnS > CUS

.. 6L Whioh ofthe following has highestplj ?

required ?

(4) 0.1
(c) 1

(a) 1%

(c) sovo

(o) 4.2 to 6.3
(c) 8.0 to 9.6

(b) lovo

(d) 2s%

(D) 8.3 aod 10.0

(d) 6.8 to 8.4

(o) CHrCooK

(c) NHaCI

(a) H-

(c) cH3O-

(a) 5 x l0-12

(c) 1 x 1o-13

(D) NEco3

(d) NaNO3 .

(6) r-
(d) None of these

(lktjdstltt LlL'f :0(): )

(D) 10

(d)2
lL.A.M.C.L.T 20()l )

Which of the folloling would Produce a buffer
solutio[ when mixed in equalvolumes ?

(a) 1 M CH3COOH and 0 5MNaOH

(D) 1 M CH3COOH and 0 5MHCI

(c) I MNH.OHand0 5MNaOH

(d) 1 M NH.O and 0'5 M HCI

(li.A.u.c.E.T 2001)

ThepH of8 0.1 M squeoussolution ofa wesk acid
(HA) is 3. What i! its degrce of dissociation ?

62. Which of the following is the buffer solutioo of
strong acidic nature'l

(a) HCooH + rlcoo-
(b) CH3COOH + CH3Coo-

(c) H2qo4 + qoi-
(d) H3Bo3 + Bo!-

63, Wa(cr is a

(4) protophobic solvsot (r) protophilic solvent

(c) anrphiprotic solvent (d) aprotio solvent

64. Among lhe lollowing, the weakest base is

(b) cHt

(t) ct-
65. ln the reaction 12 + l- -..- I3-, which is the Lewis

base ?

(a) lz

G)13-

How do vou differentiate between Fe3* and

cf + in group tII t
(a) By taking excess of NHaOH

(b) By increasing NHo+ ion concentration

(c) By decreasing OH- ion concentration

(d) Borh (b) and (c) (A.I.E.E.D. 2002)

Solubility of atr MX2 tyPe elcctrolyte is

0.5 x 10-{ mol L-t, then I(+ of tbe electrolyte is

\ l: \.ll ( .1: l: )ttt)i :

5t. ThepH range ofmethyl red indicator is

59. For a sparingly soluble salt Ap Bq, the relationship

of its solubility product (Ls) with its solubility (S) is

(a)4-sP+c.f.C
(q4-s/,+c.Pc.4P

(c) ls = sr, ./ .C

(t)\= sPc (pqf+c.

(a) CUS > ZrS > NES

(b) ZnS > Na2S > CUS

(c) Na2S > CuS > ZnS

60. Idcrtiry thc correct order of solubility of
Na2S, C\s and ZnS io aqucous medium

(b) 25 x lo-10

(l) 5 x 10-13
( (,8.,\.8 I',,ll.I: 2002 )

In which of the followiDg acid-base titration, pH is
greater than 8 at the equi!€lencr point ?

(4) Ac€tic acid versus ammonia

at l.

g. .l 55. c 56. a 57. a
64. il 65. b 66. d 67, d

s3. b
63. c

5E. @ 59. a 60. d 61. b 62. a
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70,

(D) Acetic asid versus sodium hydroxide

(c) Hydrochloric acid vcrsus ammoDia

(d) Hydrochloric acid veNus sodium hydrdide
i?l i /. ll sl -'r1l.r l

Whcn rain is accompatried by a thunderstorm, the
collected rain watcr will have pH value

(a) slightlyhighor than thatwhen the tbunderstorm
is not thcre

(D) uDinfluenced by the thunder storm

(c) which depeDds on the amount of dust in air
(d) sligbtly lower than that of raio vater witbout

thunder storm \ t.t. r. :|t):
In the hydrobsis of a sslt of wcak acid and weak
base, the bydrolysis constant Kr, is equal to

(a)KN/Kb

(c) Ki,/It K6

Tbc solubility prduct of AgI at 25'C is

1.9 , 19-16In62 1-2. The solubility of AgI in

10-1 N solufion of KI at 25.c b apprdimately (in

mol L-1)

The rapid change of pH near the stoichiometric
point of an acid-base titration is the basis of iD-
dicator detectioD. pH of the solution is related to
ratio of concentration of conjugate acid. (HI^ ) and

the base [1r-) forms ofthe indicator by the expres-
ston

@)rrgffi-pK,,-pH

(D) rogl+ql =pK,, -pH
lr/r I

1c; togllP =pu -pr,,

@)rcsffi=fi-tx,^

A weak acid HX has the dissociation constant

I x 10-5 M. It forms a salt NaX on reaction with
alkali. The degree of hydroB6is of 0.1 M solution

(c) 6.1

of NaX is

(a)o.ffil%
(c) o.7%

(d)7.2

(b) 0.o1%
(d) o.15vo

(b) K*/ K"

(d) Ka K,

(a) 1.0 x 10-t6

(c) 1.0 x 10-lo

(D)1.0x10-12

(d) 1.0 x 10-8

Solubility of PbIz is 0.0013 M.
product of PbI2 is

(a)2.2 x 1o-e (6) 8.8 x

(c) 6 8 x 10-6 (d) s.8 x

(a) FeS

(c) Hgs

(D) Hcot
(d) NH3

The mixture ofacetic acid and sodium acehte, the
ratio of concentrations of the salt to the acid is
inqeased ten timcs. TheopH ofthe lolution
(4) increases by one (6) decreases by one

(c) decreascs ten fold (d) increases ten fold

Select thepKa value ofrbe strongest acid ftom the
follo ing :

orl.o (6) 3.0

15. d 76.b 77..1

Then solubility

10-e

10-6

t I). t: li.l. )t10.i )

(a) HNO3

(c) rIzO

(6) Mss
(d) Zns

14, What is tbcpH of 0.01 M glycine solution ? For
gb'Eine

K,r=4 5 x 10-3anoK,,= 17x l0-'0at298K E0'

(a) 3.0 (b) 10 0

70. c 71. b 72. b 73. c 74, c6E. , 69..1
7t. a 79. a

??. The molar sotubility (in mol L-l) of a sparingly
soluble salt MX1 is r. The mnesponCing solubility

product is given ry Ilp. r is gwen in terms of I$ try

the relation

(a)s = 1l\ot DAlt/'

1c;.r = 12s6 \r)r/5

1t)s =(?6KQt/a

yfs - (K,p/ 256rt/5

Whici one of lhe follo$,ing is not atr amphoteric
subctatrce ?

A solution which is 10-3 M each in Mn2+, Fe2+,

Zn2+ ana H{+ is trea ed with 10-16 M sulphide

ion. If Iqp of MDS, FeS, ZDS aDd HgS are 10-15,

10-23, 10-20 and 10-54 respectively, which one .,9.
\rill precipitate Iirst ?
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' .p! me pX" of acetic acid is 4 74. The concentration

or CH3COOH is 0 01 M. ThepH of CI{3COOH

tz 50 mlof0.1 M HCI and 50 mlofo 2MNaOHare
mixed. ThepH of the resultiDg solutioo is

\41' o :rs s or HCI gas was passed through 100 cnr3 of
0.2 M NaOH solution. The PH of the resulting
solutioD would be

(c) 2.0 t/)1s (,) 1

(c) 8

(e) 13

(c)1.8x10-5
(c) 5.55 x l0-5

(b) 5

(d)e
(Keruld C.|a.E.200-l

Ketdln I:M.'l: 2004

(D) 1.8 x 10-ro

ldfi.55 x lo-ro
(llilur C.Ii.(.Il. )00

Q.uesaione

(b) 4.31
(d) o.414

@riss.t _l.L.E. 2t)01

(b) 4.2
(d) 11.7o

(.1 & K L.lr.1:201

t4. The principal buffer present in human blood is

(c) NaH2POa + NazHPO4

(6) fl3PO4 + NaH2POa

(c) CH3COOH + CH3COONa

(d) Na2HPo. + Na3Por

l/fircorrucol
De8ree of dissociatioD of NHaOH in water is

I .8 x 10-1, then hydrollsis constant of NHlcl is

HINT5/EXPLANATION9 t o Wult iple Choi

3. At half-equ iEleDcc Point,

PH - PKd

4. Sec soh,cd cxample on Page 826.

s. K,r = IH+l toH-1 = 1to-6; 116-e; = 16-tz

6 0 001 M KOH means [OH-l = 10-3.

Heuce [Hro+] = 10- ll .. PH = 11.

7. The solubility incrtases down the Sroup due to
inc[oase iD sizc of the ioD and deqease in lattice
eDer$/. Lolrer the solubility, louer is the Krp.

e. (a)pH - 7.

(D) IvV10 HG lcfl uDneutralized = 10 [l)l of M/l0
Ttrlalvolume = 100 nll.

''' 10x#=l0ox?M

.. lHcll = -]- = to-2 t''t. pH = z

(c) solutioD is basis, pll will be > 7.

(d) 75 ml M/5 HCI = 15 milliDloles, 25 mlof M/5
NaOH = 5 millimoles- HCI left unneutralised = 10

nillrmoles. Volume = 100 ml.

.. tHcrl -ffi=o rru

PH=-lo8(0 1)=I
10. On dilutioD of a weak aoid soiution, percentage

io8isation iDcrease&

1t2. c ltJ. I ll'l e

11. See sotued example on Page 826.

12. ln (b), ionic product = lca+l [F-]2

= 1 25 x l0-9 which is greater tllaD lqp,

13. pH*p(d+bsf#:l

=-los1o-t+IogI-8
14. Ag+ ion is a Lewis acid- CH4 is neither Lcu'is acid

nor Lewis base,

15. weak base has a strong conju8ate acid. No3- has

ihe stroflUest co[jugate acid HNO3.

16. FI2S = weak acid, H2SOa = strong acid, NaCl =

neuEal, NaNO2 = basic. Hence [H3O+1witl be in

the order : NaNO2 < NaCl < HzS < H2SOa.

17, MnS + 2Hcl* Mncl2 + H2s. As H2s i5 a weak

electrolrte, it ionises very lcss. Heoce coocentration

ofS2- ions is lowered-

1& pH-pKd+t*i#S

=e 30+loC#=e 30

19. AgI (r) + a4 ;* Ag+ 1aq1+t- 1aq1,

ryn1 
- 

Na+ + I-. Due to common ion effect,
equilibrium shifts backward.

'lls
E5. dE0, a t1. a

65.
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20. NaCN is a salt ofweak acid (HCN) and strong base
(NaoH).
Hence

29. .r (Cus) = r'-K, = y'ro=f = lo-ts s,

AgrS ...- 2Ag+ + S2-,

Kro = 1z s;2 x r - 4,r3

lt -- \r/3or ,= 
[a \nJ

L ^-41\t/3
= l!,-l = 12 5;r/3 x lo-r5,t-t

.r (Hgs) = r'R; = v10-54 = 10-27
30. The dislociation mnstants of a weak acid and irs

conjuBate base are rclated as

pK"+pKb=pK-
. plL + 10.83 = 14

or PIq = 3.17

-torKe=317
or logK,- -3.17=483
or &=6 7a x to-4.

31. A2X3- 243+ + 3 X-2,

K,p- (2y)2 x (3i,)i = lo8f.
32. I ICOt caD accept a proton as well as Bive a proton.

34. HA # H++A-
c

c(1 -a) ca ca,

... [H+] =Ca=0.1 x0.02-2x l0-3.

Hence loH-l - lo-14. 
= 5 x lo-12- 2 x l0-r

J5. Strong conjugate base has a w€ak conjugate acid.
Weakest conjugate acid is CH3COOH.

36. CaFz 
- 

C-a2+ +2F-,
K,p = r (2s)2

=ls3-4x(2x'10-a)3
=32x10 ''

37. HA + H++A-
c

c(l-a)
.. CdXC.,l\.=--ca_

c (l -a)

c = 70-2 M,
0 001a = -iTD- = l0 -,

... K= 10-2 x (10-5)2 = t0-12

l0- 14

(1.3 x lo-e) x 1,/ 80

= 2'48 x 1D-2
. . %age hydrollsis

= (2.48 x l0-2) x lfi) * 2.48.

22. If-r is the solubility ofAgCl in 0.04 ,'| CaCl2, then

[Ag+] =: rn "t L-1,

[Cl-] = (0.04 xZ) +x-0.08
.. t(0 ft])=4x 10-lo

or -t = 5.0 x 10-9 m

ICH.COONaI
23. pH = pKo + log 

lc-Ee-Oo_Hi
ICH.COONaI

5.5=4.5+ros-_lo-j1-:
=4 5 + loc [cH3COoNal +1

or log [CH3COONaI = o

- [CH3COONa] = lz
24, Due to highest eloctron density on N in NH2-, ir

can ac{ept protons mosl casily and heDc€ is the
stroDgest base.

25. Sulphides of Group II (PbS) haw low solu\ility
product.

26. 50 mt ofo.4 N Hc, = *-1 xso =0 02geq.

50 ml of 0.2 N NaOH = ffi x so = o.0l g eq.

0.01 g eq. of NaOH will neutralisc 0 01 g eq. of
HCr
..- HCI left uDneutralised = 0.01 g eq.

Volume ofsolution = 50 + 50 = 100 ml

.. tHol = 
oi6oJ xloooN =o.tN

or [H+] =o 1M
.. pH - log (0.1) = 10.

pH=p\+rogffi

=px. + log fr:pR, - 1.

pl<v=pH+pOH.

As [H+l = [oH-],
PK.,=2xP}t

or pH-13.36/2-668

,r=\E =

24.
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40. pH = 13 meaDs the solution is basic.

41. NaCl = neutral(pH = 7);NHaCl = Slightlyacidic

@H < 7); NaCN - basic(pH > ?); HCI = strongly
acidic(pH << 7).
. . order will be HCI < NH4CI < NaCI < NaCN.

42. For diprotie acid Ko, . Ko,.

43. NH2- + H+ = NHr.

44. pH = 7 at the end poini is only for strong acid with
strong base,

45. Higher lhe [H+]. lon'er is the pH.

I M H2SO4 has hi8hest [H+ 1.

47. Pon= 14 meansPlI = 0. Less thepH, morc acidic

is the solution.

4E. As the solution is basic (not very strongly basic),PH

=9.
50. See Q. 13.

s1' cHrcooH + cH3coo- + It+

Initial a

At. eqm. 1r-a axto-a; 3.4 x 10-' 3 4 x 10-a

(3.4 x roll€.1I_10-4) = t..7 x to-i (Given)
(4-3.4x10-')

or h _ 3.4r ro-11 = 
(3.4 x lo-12

1.7 x l0-'
=68x10-3

or d =6.8 x 10-3 +3,4x IO-a=6 8 x 10-3

52. In R-NH2, electroo pair otr N is mosl easilyavail-

able for protoDatioD besause R iselectron releasiDg
grouP.

s. After dilutlo[, [H*l = lo-o t 2.

Hence r"H-]= i*;i
_ to-ta l2 _2 x l0-ro M

10-4

ln the final solution,

lH+l - (10-6 + 1o-3)/2
r.001 x t0 "-...--z-

= O.5oo5 x 10-3 - 5 005 x 1o-4

pH = - log [H+1 = - log (5 005 x 10-1)

=4 -0 6994 -3'3
pu =pr! + rogffi
o, rosffi=s8-4'8=10

59.

61.

... Isarrl{Acidl = 10

or lAcid]4saltl = 1/10 = 0.1

Vc.c. of 0.5 M Naofl will neutralise VD c.c. of 1

M CII3COOH to form sodiunr acetate. VZ c.c. of
I M ac€tic acid will be preseDi alon8with sodiunl
acetate.

IIA + II+ + A-,

lH+l -c"-ro-:
rle.0.lxa=10-3
or a=lo-z=77o
AoB, = pf.r+ + qB-

SpSqS
K* it. L, = (pSF ({S)q = 9+s f f

Sulphides of alkali metals are soluble in water.
Sulphidcs of group II have lower solubility than
those ofgroup IV radicals.

NH4CI solutiol is acidic, itspH < 7. NaNO3 solu-

tion is neutral, its pH = 7. CH3COOK and

NECO3 solutions are basic, lheir pH > 7. But

N%CO3 solution is more basic, its pH > pH of
CHJCOOK solution,

Out of the given acids, HCOOH is lhe stronSest.

\4hter is an amphiprotic solveot as it can ac{€pt
protons as well as given protons.

Cl- is the weakest base because it has lhestroDgest
conjugate acid viz. HCl.

ln the rcaction 12 + l- 
- 

I:-, I- is the electroo

pair doDor and hence is a Lcwis base.

In group III of aDalysis, addition of NHaCI iD-

creases NHo+ ion concentration aod decreascs

OH- ion conc€ntration produced from NHaOH

due to common ioD effect.

(.'PH=3)

62,

63.

64.

''Y + M2+ + 2X'
sZs

I<le = (r) (2 s)2 = 4't3

=4x(o.5xto-4)3
- 5 Y 16-13.

68. pH > 8 at the equivalcDcc poinl means that thc sali
formed oB hydrolysis sbould give basic solulion r'.e.

whell acetic acid reacts with NaOH.
69, Due to thunder storm, temperature increases ie,

IH+l increases which meanspH decreases.

70. For salh ofweak acid aDd wEak base,

q = K_/rt Kb_

65.

66.
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71. Total [I-] = lo-4 + t0-6- 10-1M

lAs+l II -l = I(p

.. [Ag+l I10-4J - 1.0 x 10-16

or [Ag+l = t0-12.

72. Pbl2 
- 

P*+ +21-
..[Pb2+]=l3xl0-3M

Il-l=2x 1.3 x 10-3M =2.6 x 10-3 M

&P = tPb'z+l [-F
= (l 3 x 1o-3) (2-6 x 10-3)2

= 8.8 x 10-9.

73. The one with lowest value of qp ie. HgS wi
prccipitate out first.

74. Gtycine H3N+CH2COO- is morc acidic than
basic, IDstead of K, !"lue, the second giveo Ka
value Is mrrEsponding to the K6 value
(. I! x Kr = 10-la;. Hence overatl ionizarion
mnstant,

7e. Isr crse. ?H =/rq + tos#ffi =,/,Ka + k)c

2nd case. pH =fK, + fog1p

=pKa + logf + tog10=pK, + togf + r

t0. tligher the I(s r"lue or lowcr the pK, value,
stroDger is thc acid.

Itl' cHrcooH :-' cll:cro- + H+
c00

c---< a ca cu
.. ca.c4 ctzK,=.ffi= ;:;-c":."=,TV
lrr+l=ca =, "T7; ="Tj
irll - IoglH+l = - Iog(K,c)r'2

= | I-r,,s x. - tog.1

= 1r". - togc; =f 1l ,z,r - ros ro-21

=!*a.t+ = t.tt
tZ 50mlof 0.1MllCl =S0 x 0 . 1 uri[imotes = 5 o]it_

limoles. 50mlof0.ZNaOII = 50 x 0.2 millinl(rcs
= 10 miltimoles Millinloles ot NaOl I lcfl rfler
nculralization = 5. Volunte of rctution = 1Jr1y s.,1.

. . Molar conc. of NaO11 = J- = s x 1o -2 M100

pOI{--tog(5x10-2)

= rog :--1- -; = IoS 20 - I 301
5 x t0 '

pH=14- t.301 = 12.699 = t2.10

ll3. 0.365 g HCt = !-!€ mote = o.o I motc

100 cm3 of 0.2 M Naoll _ *# x loo = 0.02 r.rotc

NaOH left unDeutralized = 0.01 molc
Volume of solution = 100 ml
.- Molarity of NaOH in the soturton

0 0r=ffix1ooo=o tM=10-rtu

. IH.l -#i;= 10-rrM

.. pH=13

K* l0-t4

= 5.55 x 10-10

K- xK- =4.5x 10-3

x17xto-lo=765xl0-I3
H+ = /Kc'= y'265;-10-15; grt

= /0-%5 ,. td=rT = 0.87 x t0-7 M

- pH = - log (0.87 x l0-7) = 7 - 0.93 =6.07
7s. pH = p\ * bc Iggqffd-I@ (see pase 8/51)

:.pH-pKrn=t"ci#t

76. Hydrollsis reaction is X- + H2O 
=:+HX + OH- For a salt of weak acid with strong

base,

.. K_
r\b=K-=ca'

t0-14. j-_-?=0.1 xotoroz__ l0-8616 = 16-l

% hydrolysis = 10-4 x 100 = l0-2 = 0.Ol
77. MX1 (D \-= M4+ (aq) + tx @q)

, 4.t

K,p =.r x (4.r4 = 256ss qs = 1K,ot 61t/5
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As e erLi on -F.,e as on Typ e Q.u e sti ons

- 

n. rvhile onswerlng these

oDe of th

(d) If both AEertloD atrd R€osou are truc lnd the u of the Aaslrtiott'

(ri If both Assrrtlon rnd Reoson sr. true but reason is not a corr'tt cxPlanetlon of the 'Assertlol''

(c) Il Asscrrtol i8 true hut RGasoD is fslse'

(d) If Assertion is falsr but Rc[sotr is true'

(e) Il botb Asscrtlon nDd Rcason sre false'

Assertion Reason

The forcD of ioDic intcraction dePnds uPon the dielectric

constani of the solvent.

ln pure water at 25'C the molar concenration of water

is essentially mrsEnt.

The molar coDcentrations ofProton accePtor aod protoD

donor become equal at mid Point of a weak acid'

In equimolar solutions, (he number of titrable Protons
presint in HCI is less thao that Present in ac€tic acid'

It has a weak conjugate base.

NacN provides a common ion cN- to HcN'

Iq/ ofwater increases with iDcrease in tenP€rature'

Buffer action ofthe buffer solution resists the changc in

pH when some acid is added ro it.

An aqueous solution of ammoniurn acetate can act as

buffer.

6.

\rhter is sDeciallv effective in screening lhe elec'

trostatic i;teractions betwecn t.i|c dissolved ions'

The de$cc of ioDization of water is small at

25"C, only about one of every l0' molecules in

pure urater is ionized at aDy instant.

ThepKo of a s€at scid bcrom€s equal toPH of

the solution at the mid-poinl of its tilration'

pH of Hd solution is less than that of acctic scid

of the same concentratioo.

Acetic acid is I wesk acid.

pH valueof HCN solution decrEases when NaCN

is added to it.

pH of e,arcr increas€s with increasc in temPera-

ture.

when a small amount of stroog acid is added to

a buffer solution, it! PH value docs not cianSc

significantv.

A buffer solutions has I caPaciry to resist the

change inPHvalue oD additionofa smallamount

ofacid or base to it.

Sb (III) is not preciPitated assulPhide when in its

alkalina solution, H2S is Passed.

AdditioD of sitver ioDs to a mixtur€ of aqueous

sodium cbloride and sodium bromide solution

will first preciPitate AgBr rather than ASCI'

Tbo coocentration of 52- ion in atkaline medium is

iDadequate for PrcciPitation. lA.I IJL,1S' 2004)

Ilp of Agcl < Iqp of AgBr. Q4.I I'M'S' 200')

10.

ADDITIONAL

4.

11.
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True/False Otatemenis

-

Whic h oI lhe folloh'ing s bremeny ore fahe ? Ret+,rite
rhem conectly.

l. The degree of ioDization ofa salt is directlypropor-
tional to its molar conc€ntration

2. A Lewis baseisa substaDcewhich carldonate a pair
of electroos.

3. CO2 is a Lewis basc.

4. The ionic product of warer changes if a few drops
ofacid or base are added to ir.

5. A_ solulion with pH less thaD zcro or greater than
14 cannot be prepared.

6. More_acidic is the solutioD, grca(er is itslH.
7. ThepH of lo-E M HcI sol;rion is 8.t. Ionic product of watcr is ah,ays cqual ro l0-14.9. PhenolphthaleiD is not a suitale iDdi€tor for ritru_

lion of HCI solution wiih Na2CO3 solutioD.
10. Tbe solubility of pblz in watcr dccreases if KI is

added to it.

Fill ln The Blanks
A compound whose aqueous solution or melt con_
ducts electricity is called ..... .
The dcgree of dissociation of a salt is ...-. propor-
tional to ..... .

According to Bronsted-LG,ry concept, an acid is a
suhstance which can ..... whereas a base is a sub_
stance which caD ..... .

4, A strong acid ha! a wrak ..... base.
5. The sum ofpH aDd ..... is equat ro 14.
6. Tbe loqlEr thepH, more..... is the solution.
7. Solubility Foducr is the producl of thc concenrra-

rlon oI rc m a..... colution.
t. In thc readioD I- + I2r I3-, the Lewis acid is

(I.LT t99Z ; A.I.I.M.S. l99I)

Q.uestionsMatching Ty?e
l. Match the entries of columnAwith appropriate cntriesof column B.

Columr A columr B

2. Match rhe enkies ofcolumD Awith appropdate entries ofcolumns B.
Column A Columtr B

(4) fitration ofacetic acid with NaOH solurion
(r)'I'itrarion of NECO3 solurion wirh HCI

(c) Titration ofNHaOH with aceuc acid

(a) Copper sutphare soturion
(r) Sodium ac€tare soturioD
(c) Potassium nitrate solution

AS SERTION-REASON TYPE

(u) No suitabte indicator
(6) Pbenolphrhatein

(c) Methyl orange

(o)pH >.t
(b)pH<7
(c)pH = 0

AAISWET<S
OUESTIONS

1,3,4,6,7,8.
FILL IN THE BLANKS

l. an electrotyte 2. inversety, squarc rmt of molar coDccntratioD J. donate a proton, acc€pt a proron4. conjugate s.pOH 6. acidic 7. saturared. t. 12

MATCHING TYPE QUESTIONS

t. (a) - (b), (b)-(c), (c)--{a) 2. (a) _ (b), (b) _ (a), (c) _ (c).

1.

2.

3.
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HINTg/ExPLANATtoNgtoAe9,ert,ion-Reagonrvp"9:"=!iong
,. ,"*r"" .f ionization of HrO is smatl because 7. p]Hofwater decreases with increase in tenrpera-

Hro is1*'y*t?5"1'rictrolvte' 10. sb (III) is precipirared (in Group IIB) by HrS in
j. pH = pKo + log fridT' acidic medium (dil. HCI). In acidic medium, s2-3' pH = pKo + log il{cidT' acidic medium (dil. HCI). In acidic medium, s2-

At nrid point [Satt] = [Acidl. concentration decreases so that radicals of Group

4. Numberof fitrataUtepiotonsinHCl isgreaterthan IV are,ot precipitated. In alkaline medium, 52-
present in acetic acid. ion concentration increases and not decreascs.

5. weak acid has a strong conjugate base' rr. I(, of Agcl > Kro of AgBr. For precipitation to
6. gCN + H+ + CN-. NaCN gives common oc'cur, ionic proOuct should exceed solubility

CN- ions. Equitibriunr shifts backward, [H-] Product.
decreases so thatPH increases'


