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Ostwald dilution law : The dissociation of weak
electrolyte obeys law of mass action. The application of law of
mass action to weak electrolyte is known as Ostwald dilution
law. It is to be noted here, that either acids or bases are
weak electrolytes but salts are usually strong electrolytes.

Consider a weak electrolyte say HA (an acid)

HA = HY+ 4~
Before dissociation 1 0 0
After dissociation - a a

Where o is degree of dissociation.
Let C be the concentration of HA in mol litre ™! before its
dissociation then, [HA]=C(1-a); [H* ]=Ca; [47]=Ca
According to law of mass action
e [H'][47]_ (Co-Ca)
7 [HA] Cl-a)

_Co?
l-a
If o is small, then1 - =1

K, =Co? (1)

or o= (50“—) .(2)

where K, is dissociation constant of acid.
Similarly, for a weak base
BOH ==B* +OH"~

Kp =Co? -(3)

- (%] )

where K, is dissociation constant of base.
Note: 1. K ,,,nd K p are just the equilibrium constants and hence
depend only on temperature.
2. Greater are the values of K, or K, more is the strength
of acid or base respectively.
3. Relations 1 to 4 are valid for mono basic acid and mono
acid base.

4. Different expressions have to be derived for dibasic or
tribasic acids and diacidic or triacidic base.

Acid and base
Arrhenius concept
(1) An acid furnishes H* ions in solution and a base
furnishes OH ™ ions in solutions
(2) The strength of acid depends upon its tendency to
furnish H" ions.
Bronsted concept
(1) Anacidis a proton donor; a base is a proton acceptor.
(2) The strength of an acid depends upon its tendency to
donate proton. More is the tendency to donate
proton, more is acidic nature.
(3). Water is amphoteric as it donates as well as accepts
proton.
H,0+H,0 = OH™ +H;0%
(4) Each cation is acid and each anion is base.
(5) A pair of acid and base which differ by a proton is
known as conjugate pair of acid and base.
Take out one proton

Acid (H;S) e Conjugate base (HS ™)

Add
Base (NH3 ) —— =" Conjugated base (NH)
Lewis concept

(1) Acids are electron pair acceptor, e.g., BF3, AICl;3.
(2) Bases are electron pair donor, e.g., NH3, PCl3.
Relative strength of Acids and Bases :
For weak acids : )
Strength of I acid
Strength II acid
_ [H* Jfurnished by I acid _ Ciot

" [H" Jfurnished by Il acid  C2%2
O [[KaC2)_ ﬁ_cl) 6
C; Y\ XoCr K.,C2

- |[%a ) igc, = 6
= [K"z](ufcl_cz) (6)

Relative strength =
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For strong acids :

Relative strength = ﬁ
K>

_ Tate constant for a reaction catalysed by I acid
rate constant for a reaction catalysed by II acid

Note : For rate gonstant of acid catalysed reactions, see ester
hydrolysis and sugar hydrolysis in chemical kinetics.

)
CH3COOC,Hs + Hy0—2"— CH,COOH + C,HsOH

. l?nlc product of water : Pure water, a weak electrolyte
dissociates as

H,0=H" +OH"~
_[H"]OH) .
= [H—zo] (According to law of mass action)
or Ky =K[H0]=[H"JOH"] (T)
[H20]is constant since only one molecule out of 550 million
molecules of H,O dissociates, i.e., 0.,0= _16-
550x10
a0 =1.8x107° =1.8x1077%
here K,, is a characteristic constant for water, known as ionic
product of water. The numerical value of K, is 107" mol?
litte ™2 at 25°C. The value of K,, however increases with
increase in temperature.
pH and pOH values : Sorenson used a new term to
express [H* ]as pH defined as the negative power raised on 10
in order to express [H" ]
ie., (H*]=10"PH .(8)
or pH=-log [H*] ..(9)
(i.e., negative logarithm of magnitude of H)D
pH=7 i.e., Neutral solution
pH=0to7 ie, Acidic solution
pH =7 to 14 i.e., Alkaline solution
Also--  [H*]OH™]=10""
(-logH*)+(~logOH™ ) =14
X pH+pOH=14 ...(10)
- Common ion effect : The phenomenon in which degree
of dissociation of a weak electrolyte is suppressed due to the
presence of common ion present in it.
Consider a weak electrolyte along with common ion,e.g.,
CH3COOH = CH3CO0™ + H*
CH3;COONa— CH;3CO0™ + Na*
[CH3COO~ J[H*]
[CH3COOH]
Thus, [CH3COO ™ ]in solution becomes more in presence
of CH;COONa. However K, is constant. Thus, in order to
have K, constant, (H*] in solution must decrease or

[CH;COOH], i.e., undissociated acid must increase or in other
words degree of dissociation of CH 3COOH decreases.

Thus, for pure water

For acetic acid K, =

533

Note : In presence of a common ion (from strong elumrolyu:)
present with weak electrolyte, the concentration of
common ion is derived from strong clectrolyte.

Buffer solutions : Solutions which possess reserve acidic

nature or alkaline nature or solutions which resist change or do
not show significant change in pH due to dilution or addition of
small quantities of acid or alkali are known as buffer solutions.
Types of buffer solutions :

(1) Simple buffer : Salts of weak acid and weak base,

eg., CH3COONHy4, NH4CN, etc.

(2) Mixed buffers : These are of two types.

(a) Acidic buffer mixtures : A weak acid + its salts or

its conjugate base

eg., CH;COOH +CH3COONa

(b) Basic buffer mixtures : A weak base + its salt or its

conjugate acid

eg., NH4OH + NH4C1

Handerson equation for pH and pOH of mixed buffers

Acidic buffer mixtures : Consider a buffer mixture of

weak acid + its conjugate base i.e., CH3COOH + CH3;COONa

Then CH3;COONa—> CH3COO™ +Na* (A)
CH;COOH==CH;C00~ +H"* ..(B)
Applying law of mass action to Eq. (B)

_[H"J[CH3C00"] +._K,[CH3COOH]
a=—cHycoom . M= oo
[CH;COOH] [CH3CO0™]
CH3C00”]
or gl w o, wivg e
' 08 %a *+ 108 | CH. COOH]
Conjugate base]
or H=-log K, + log [CCHiUEAte base]
P 8Ka +log =1 (1)
Conjugate base]
H= K. + log LCONUSAtE base]
pH=pK, +log [Acid] -(12)

-Similarly for basic buffers ie, A weak base + its
conjugate acid

pOH =-log K, + log [Conjugate acid]

[Basc] ..(13)

_ Conjugate acid]

or pOH =pK; +lo [L
PKy g [Base] ...(14)

Additior: of acid or base to a buffer : The anion of salt
consumes H" given by acid and thus, [anion] i
1 3 buffer
decreases and i i ity
Gty nd [acid] in buffer increases and pH changes
H* + Anion — Acid
The undissociated acid consumes OH™ gi i
s : given by alkali
and thus, [al}lon] in buffer increases and [acid] iny buffer
decreases which results a change in pH slightly.
o . OH™ + Acid—— Anion
Sln{nlarly, acid or alkali addition brin,
changes in basic buffer solutions.
H* + Base—— Cation
OH™ +Cation— Base

gs in following



Note: No doubt pH of buffer solutions experimentally
remains unchanged on addition of small amount of acid
or base but it change theoretically to a very small extent
which however cannot be detected by pH meters.

Buffer capacity : The property of a buffer solution to
which it resist the change in pH on addition of acid or alkali. It
is expressed as :

_d)

¢ doH
where b is no. of mole of acid or base added to one litre
solution and dpH is change in pH.
e.g., suppose pH of buffer changes from 4.745 to 4.832
when 0.01 mole of KOH is added to 0.5 litre buffer.
_0.01x2 _
="0.087 0230
PK, and pK, for a conjugate acid-base pair
PKa +pKp =pK,, =14
Note : 1. Stronger is acid, weaker is its conjugate base.
2. Higher is the value of pK, of an acid, lower is acid
strength and higher is basic strength of its conjugate
base

...(15)

...(16)

Solubility product : Consider a sparingly soluble salts
in water. Let solubility of it be s mol litre .
AxB y(s)+aq.+— A, B y(aq.)
or AB(s)+aq.+—=xA"" +yB~*
xs ys ions furnished
after dissociation
According to law of mass action,
_[A+y]x[8-x]y K[A.B,]= AYY B;x y
=45, or K[4,By]=[4" 'Y [B™"]
Ky =[4*’F[B”*Y ..(17)
where K, is a characteristic constant for a given solute

known as solugiliw product and defined as the product of ionic
concentrations with suitable powers. K, however changes

with temperature.
Putting [A*¥]=xsand [B~*]= ysin Eq. (17);
Kgp = ()" (y8)?=x* - y? ()™
e.g., For AgCl
. AgCI(s) + ag. == Ag" +CI"; Ky =5
s

...(18)

For Ag,CrO4 5
- Ag2CrO4 (s) + ag. == 2Ag +CrO3™; Ky, =4s
2s s
Now if
(A*YFB™)” > Kyp; Thesolid 4, B , will precipitate out

[A* 7Y [B7*])” <Kp; No precipitation

Numerical Chemistry

(A*YP(B7*) =K,,; No precipitation upto this limit or
precipitation will just start at this condition. This is a limiting
case.

Effect of common lon on solubility

Consider saturated solution of AgCl. If a salt having

either of the ion common to AgCl say KCl is added to it, then
AgCl(s) + ag. w» Ag* +CI~
KCl+ag— K* +CI~

For AgCl : K,y =[Ag* ](CI7]

[CI1™ ] increases in solution due to presence of KCl and
thus to have K, constant, [Ag* ] will decrease or AgCl will
precipitate out from solution, ie., solubility of AgCl will
decrease with increasing concentration of KCl in solution.

Let 0.1 M KCl(agq.) solution with AgCl(ag. ). If solubility
of AgCl is smol litre™ !, then

For AgCl : Ky =[Ag* ][C17]

Ky =s(s+0.1)
s being small in comparison to 0.1 and thus may be neglected
therefore,

Ky
K,p =SXO.]0‘I’SAsC] =H

where s is solubility of AgCl in presence of 0.1 M KCl(ag.).
Note: 1. A solute on addition if undergoes complex formation
with ions of sparingly soluble salt, the solubility of salt
increases.
2. The solubility of sparingly soluble salt say AgCN is
also influenced if the salt undergoes hydrolysis.
Normally solubility of salts increases with hydrolysis.

Simultaneous solubility : The phenomenon when two or
more sparingly soluble salts having one ion common (either
cation AgCl and AgBr or anion BaSO4and CaSOy) leads to
simultaneous solubility equilibria. For example.

AgCl=—= Ag* +CI”
AgBr— Ag* +Br~
Ky AgCl=[Ag" ][CI"]
Ksp AgBr =[A8* 1Br7]

Thus if both are present [Ag* ]should be same
KypAgCl _[C17]

Kp AgBr [Br7]

Hydrolysis : The phenomenon in which anion or cation
furnished by a salt interacts with H,O to produce acidic nature
or alkaline nature is known as salt hydrolysis.

The nature of aqueous solution of salt to be acidic or
alkaline depends upon the nature of salt.

Salts of strong acid and weak base : e.g., NH4Cl
NH4NOj3, CuSOy4 , ZnCl;, FeClj, etc.

or



lonic Equilibrium
NH4Cl+H,0=NH4,OH+ HCl
weak Strong electrolyte
or  NH; +CI” +HO0 = NH4OH+H* +CI”
of NHj +H,0+ NH4OH +H*

NH4Cl on dissolution in water furnish NH} and CI~ ion.

1~ with H" gives HCJ, a strong acid which returns back all the
H" to solution. On the other hand NH} interacts with OH to
give NH4OH, a weak electrolyte having low degree of
dissociation. Also due to common ion effect of unhydrolysed
NHj, the degree of dissociation of NH4OH is further

suppressed and thus in solution the [H* ] becomes more and it
acquires acidic character. It is thus suggested that acidic
character of NH 4Clsolution is due to hydrolysis of NH} ion or
the hydrolysis of weak component of salt.

Hydrolysis constant and degree of hydrolysis :
Consider a salt say NH4Cl in water. Let C mol litre ™! be the
concentration of salt and 4 the degree of hydrolysis of salt.

NH4Cl + H,0 = NH4OH +HCI

Before hydrolysis 1 0 0 0
Aferhydrolysis ~ (1— k) h h h
or NH} + CI” + H,0 == NH40H + H' +CI”
a-n -k h bk
or NH: + H;0 = NH4OH + H*
a-h h .

According to law of mass action, .
k= NHOHIHE' ] g o INHLOHIET ]
[NHj ][H0] [NHZ ]
_ [NH4OH][H"]
T [(NHj)
Now for weak base NH4OH = NH: +0OH™
[NHj J[OH]
Kb =~ NH,0H
By Egs. (19) and (20), Krr X Kp =[H"J[OH™]=K,,
.21)

of o ..(19)

..(20)

K
or Kn =E‘bx

[NH} 1=C(-h)
[NH4O0H]=Ch
[H*1=Ch
h-Ch __Ch®

AL

Ci -
ByEqs. (19), Kn =Ca-h 0-h
1-h=1or Ky =Ch?

Further,

-(22)

h is small .".

‘ K
or h= (7”) A23)
Also pH is derived by [H ]
[H*]=Ch
ByEaan,  (81=C( 5L )=/ C) 29
+ Kw
By Egs. (21) and (24), [H" )= | 2-C
—logH* =%[logKb —logK,, —logC]
PH=%[1°3Kb ~logK,, —logC] ...(25)

Thus, following results can be written for case I and
similar derivations can be made for case II and case III.
Case I : Salt of strong acid and weak base : e.g., NH,Cl

K
£ =ﬁ—‘;;h= (—E"—)ande:%[lOgKb ~log Ky, —10gC]

=3 [PKy —PKp = logC]

Case II : Salts of weak acid + Strong base : eg,
CH3;COONa,KCN....., etc.

KH=-I;—“’; b= J(’%”) and pOH =1 log K, ~10g Ky~ 10g C]
a

=2 PKyy ~ pK, ~ 10gC]

Case m : Salts of weak acid + weak base : e.g.,
CH3COONH4, NH4CN,.....,etc.

Kir == 1=Ky (if his small) or 2 = [
K, Kp 1-h

pH =3 llog Ky-log K;-log K, 1= 1k, + 1 K, -1k, |

Case IV : Salts of strong acid + strong base : e.g., NaCl,
KNOs;,....., etc.

This category of salt does not undergo salt hydrolysis.
NOTE: (i) Eq. (21) and analogous equation for other category should be
used only when the degree of hydrolysis is negligible.
(i) All the derivations made for salt hydrolysis are for
uni-univalent salts. For other types of salts (say uni-bivalent,
e.g., NayC;04 or bi-bivalent CaC,0y4, one should derive the
similar equations following the same above methods). The
term ‘C” in the above equations however rep the
concentration of ion that undergoes hydrolysis.
(iii) The pH of acidic salts of polyprotic acids in water say NaHS

is given by : pH = ["K“'“szﬂ_]
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10.

11.

Calculate the amount of acetic acid present in one litre of
its solution having ot =1% and K, =1.8 107>,
0.16 g of NyH4 are dissolved in water and the total

volume made upto 500 mL. Calculate the percentage of
N2Hg that has reacted with water in this solution. The

Kp forNoHg is4.0 X108 M. (Roorkee 1998)
Nicotinic acid (K, =1.4 x10'5) is represented by the
formula HNIC. Calculate its per cent dissociation in a
solution which contains 0.10 mole of nicotinic acid per
2.0 litre of solution. (Roorkee 1993)

. Saccharin (K, =2 xlO'lz)is a weak acid represented by

formula HSaC. 4 x10™ mole of saccharin is dissolved in
200 cm? water of pH 3. Assuming no change in volume,
calculate the concentration of SaC~ions in the resulting
solution at equilibrium. (Roorkee 1994)
Acetyl salicylic acid, i.e., aspirin ionises in water as :
HC9H704 +H,0 = H30+ +C9H7OZ;

K, =275%10"°
If two tablets of aspirin each of 0.32 g is dissolved in
water to produce 250 mL solution, calculate [H* ],

[OH™ ]and [C9H703 ]in solution.

. The ionisation constant of NH} in water is 56 x 10710 5

25°C. The rate constant for the reaction of NH} and
OH" to form NH; and H,0 at 25°C is 3.4x10'° litre
mol™! sec™!. Calculate the rate constant for proton
transfer from water to NH3. (IIT 1996)
Calculate the concentration of fluoroacetic acid which is
required to get [H*]=150x10M. Kjof acid
=2.6x107. .

An aqueous solution contains 10% ammonia by mass

and has a density of 0.99 gcm -3, Calculate hydroxyl and
hydrogen ion concentration in this solution. K, for

NH} =5.0x1071" M. (Roorkee 1995)
Liquid ammonia ionises to a slight extent. At —50°C, its
ionisation constant, Ky, =[NHJ J[NHz]=107.
How many amide ions are present percm 3of pure liquid
ammonia ? Assume N =60 x1023.

The ionisation constant for pure formic acid,
K =[HCOOH} J[HCOO™ Jhas been estimated as 10~ at
room temperature. What percentage of formic acid
molecules in pure formic acid are converted to formate
ion? The density of formic acid is 1.22g/em .

Calculate the dissociation constant of NH4OH at 25°C, if
AH° and AS® for the given changes are as follows :

12.

13.

14.

15.

16.

17.

18.

19

20.

21

Numerical Chemistry
BT

NH; +H" —NHj; AH°=-52.2 kJ mol™!
H,0—H"+0H"; °=56.6 kJ mol !
NH4,OH ==NHj +OH™; AS°=-76.53JK ! mo|!
Prove that degree of dissociation of a weak acid is given
by:
PORPOR S
1+10®Ka—pPH)
where K, is its dissociation constant.
Determine degree of dissociation of 0.05 M NH3 at 25°C
in a solution of pH=11.
In the qualitative analysis, Bi>* is detected by the
appearance of the precipitates of bismuthyl hydroxide
[BiO(OH)s]. Calculate the pH when the following
equilibrium exists K, for BIO(OH) =4 x107'°.
Calculate the concentration of all species of significant
concentrations present in 0.1 M H3;PO4 solution.
K1 =75%10"3, K, =62x10"%, K3=3.6x10"5.
Also calculate pH of solution.
Calculate the [OH™ ] of [NH;-C,H4NH3]' and
[H3N -C,H4NH3]**in 0.15 M ethylene diamine
(aq.); if
NH,C,H4NH; +H,0 =NH2C2H4NH; +OH™;
Ky =8.5x107°
NH,C,H4NH} +H,0 == [NH3C,H4NH; **
+OH™; Ky =2.7x107%
Calculate pH of (1) 10~ N HNO3, (2)10~> M H,SO4,
(3)107 N H,804, (4) 0.01 N HCI, (5) 10~ N HC),
(6)10% M HCL.
Calculate pH for acid solutions having [H*) as
(a)[H* 1=0.05 M, (b) [H* 1=5.0M, (c) [H*]=10"}
M. (S
Calculate pH for.
(2) 0.001 N NaOH
() 0.01 M Ca(OH), (d)10~% M NaOH
()10 M NaOH (f) 0.0008 M Mg(OH)2
Assume complete ionisation ofeach.  (Roorkee 1992)
Calculate pH of basic solutions having [OH™ ] as
(2)[OH™]=0.05 M, (b)[OH™ ]=5.0 M,
(©)[OH™1=10"8 M.
Calculate pH of (Given K, CH3;CO0H = K, NH4OH=
2.0x107%)

(a) 0.002 N acetic acid having 2.3% dissociation.
(b) 0.002 N NH4OH having 2.3% dissociation.

(b) 0.01 N Ca(OH),
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22

23.

24.

25.

26.

27.

28.

29

31

32.

33.

3s.

37.

38.

The average concentration of SO in the atmosphere over
a city on a certain day is 10 ppm, when the average
temperature is 298 K. Given that the solubility of SO in
water at 298 K is 1.3653 mol litre ™! and the pK, of H,SO3
is 1.92, estimate the pH of rain on that day. (IIT 2000)
Calculate [H" ] and [CHCI,COO™ ] in a solution that is
0.01 M HCI and 0.01 M in CHCI,COOH. K, for
CHC1,COOH is 5 %1072,

A solution contains 0.09 M CHCI,COOH and 0.1 M
CH3COOH. The pH of this solution is 1. If K o for acetic
acid is 107, calculate K a for CHC1,COOH.

What is [H* ] for a solution in which

(i) pH=3 (ii) pH=4.757

The pH of 0.05 M aqueous solution of diethyl amine is
12.0. Calculate X ;. (Roorkee 1993)
The K, for 2H,0 = H30" +OH™ changes from
107" at 25°C t0 9.62x10™"* at 60°C. What is pH of
water at 60°C? What happens to its neutrality?

Ionic product of water (K,,) =1 x107'4 at 25°C . What

are dissociation constant of water and autoprotonation
constant of water?

Will the pH of water be same at 4° Cand 25° C? Explain.
(IIT 2003)

. The pH of pure water at 25°C and 35°C are 7 and 6

respectively. Calculate the heat of formation of water
from H* and OH™.

A solution of HCI has a pH = 5.If one mL of it is diluted
to 1 litre, what will be pH of resulting solution?

2.0 g of diborane (B, Hg) reacts with water to produce
100mL solution. If K, for H3BO3 is 7.3x107'°,
calculate pH of solution.

100 mL of HCI gas at 25°C and 740 mm pressure were

dissolved in one litre of water. Calculate the pH of
solution. Given, V.P. of HyO at25°Cis 23.7 mm.

. Find the concentrations of H*, HCO3 and CO}™ ina

0.01 M solution of carbonic acid if the pH of solution is
4.18.K; =4.45x10", K, =4.69x107"".

Calculate the [C1™ ], [Na* ], [H" ], [OH™] and pH of
resulting solution obtained by mixing 50 mL of 0.6 N
HCl and 50 mL of 0.3 N NaOH.

. Calculate the pH of solution obtained by mixing 10 mL

of 0.1 M HCl and 40 mL of 0.2 M H2804.

What is the pH of 1 M solution of acetic acid? To what
volume one litre of this solution be diluted so that pH of
the resulting solution will be twice of the original value?
K, =18x107%, (IIT 1990)
Calculate the pH of a solution which contains 100 mL of
0.1 M HCl and 9.9 mL of 1.0 M NaOH.

39.

40.

41.

42.

43.

45.

46.

47.

48.

49.
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What will be the resultant pH when 200 m.L_ of an
aqueous solution of HCI (pH = 2.0) is mixed with 300
mL of an aqueous solution of NaOH (pH=12.0)?
(IIT 1998)
500 mL of 0.2 M aqueous solution of acetic acid is
mixed with 500 mL of 0.2 M HCl at25°C.
(i) Calculate the degree of dissociation of acetic acid in
the resulting solution and pH of the solution.
(ii) If 6 g of NaOH is added to the above solution,
determine the final pH. [Assume there is no change
in volume on mixing; K, of acetic acid is1.75 X 1073
mol L] (1IT 2002)
An aqueous solution of aniline of concentration 0.24 M
is prepared. What concentration of sodium hydroxidg is
needed in this solution so that anilinium ion
concentration remains at 1 X 108 MK, forCGHSNH;’
is2.4x107° M. (Roorkee 1996)
Calculate [H* ]in a solution containing 0.1 M HCOOH
and 0.1 M HOCN. K, for HCOOH and HOCN are
1.8x10™* and3.3x107.
What is the concentration of acetic acid which has same
pH as 0.5 M HCOOH solution. K, HCOOH=2.4x107*
and K, CH;COOH =1.8 x107°

. What are [H*],[47] and [B~] in a solution that is

0.03M HA and 0.1 M HB ? K, for HA and HB are
1.38x10™ and 1.05 x107'° respectively.

Calculate [H* ], pH,[CH3COO™ ] and [C;H503 ] in a
solution containing 0.02 M CH3;COOH and 0.01 M
CgHsCOOH. K cy,coon =1.8 x1075
Kc,coon =6.4x1075,

What concentration of HCOO™ is present in a solution of
0015 M HCOOH and 002 M H(?l.
K,HCOOH=1.8 x10~%

A solution contains 0.1 M H3S and 0.3 M HCL
Calculate the conc. of S2~ and HS™ ions in solution.
Given K,, and K,, for H,S are 10~ and 1.3 x10-!3
respectively. ' (Roorkee 1992)
The K, for formic acid and acetic acid are 2.1 x 10~ and

11105 respectively. Calculat i
s y culate relative strength of
Calculate the pH of a solution of gi i
given mixtures:
(a) (ZgCH3C00H+3gCH3C00Na) in 100 mL of
mixture; K, =1.8x10~>
(b) SmL of0.1 M NH4OH +250mL of 0.1 M NH,CI;
Kp=18x10"5 '
(¢) (0.25 mole of acid + 0.35 mole of salt) in 500 mL
mixture; K, =3.6x10~4

and
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51.

52

H

53.

55.

57.

58.

59.

g

Calculate the pH of a buffer solution prepared by
dissolving 30 g of Na;COj3 in 500 mL of an aqueous
solution containing 150 mL of 1 M HCl K, for
HCO3 =5.63x107"",

0.15 mole of pyridinium chloride has been added into
500cm¥of 0.2 M pyridine solution. Calculate pH and
hydroxyl ion concentration in the resulting solution
assuming no change in volume.

(Kp forpyridine=1.5x10""M)  (Roorkee 1995)
Calculate the mass of (NH4),S0, in g which must be
added to 500 mL of 0.2 M NHj to yield a solution of
pH=9.35.K;, forNH; =1.78 x1075.

What volume of 0.1 M sodium formate solution should

be added to 50 mL of 0.05 M formic acid to produce a
buffer solution of pH=4.0; pK , of formic acid = 3.807

(Roorkee 1990)

. How many mole of HCI will be required to prepare one

litre of buffer solution (containing NaCN + HCI) of pH
85 wusing 001 g formula mass of NaCN ?
Kuen =4.1x107'0,
A 40 mL solution of weak base BOH is titrated with
0.1V HCI solution. The pH of solution is found to be
10.04 and 9.14 after the addition of 5.0 mL and 20.0 mL
of acid respectively. Find out K}, for weak base.

(1T 1991)
A weak acid HA after treatment with 12 mL of 0.1 M
strong base BOH has a pH of 5. At the end point, the
volume of same base required is 26.6 mL. Calculate X,
of acid.
A solution of weak acid was titrated with base NaOH.
The equivalence point was reached when 36.12 mL of
0.1 M NaOH have been added. Now 18.06 mL 0.1 M
HCI were added to titrated solution, the pH was found to
be 4.92. What is K, of acid?
Calculate [H* ]in a 0.20 M solution of dichloroacetic
acid (K, =5x1072) that also contains 0.1 M sodium
dichloroacetate. Neglect hydrolysis of sodium salt.
Calculate the change in pH of 1 litre buffer solution
containing 0.1 mole each of NH3 and NH4Cl up on
addition of :
(i) 0.02 mole of dissolved gaseous HCI.
(ii) 0.02 mole of dissolved NaOH. (Roorkee 1992)
Assume no change in volume. Ky, =1.8 x 107
20 mL of 0.2 M NaOH are added to 50 mL of 0.2 M
acetic acid (K, =1.8x1075),
(1) What is pH of solution ?

(2) Calculate volume of 0.2 M NaOH required to make
the pH of solution 4.74,
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Calculate the ratio of pH of a solution containing | mole
of CH3COONa +1 mole of HCI per litre and of other
solution containing 1 mole CH3COONa +1 mole of
acetic acid per litre,

A 0.1 M solution of weak acid HA is 1% dissociated at
25°C. What is its K, ? If this solution is w.r.£. Na4 0.2 M,
what will be the new degree of dissociation of HA and
pH?

The [H* Jin 0.2 M solution of formic acid is 6.4 x10~

mol litre™!. To this solution formate is added so as to
adjust the conc. of sodium formate to one mol per litre.
What will be pH of this solution? K, for HCOOH is
2.4x107™ and degree of dissociation of HCOONa is
0.75.

. What is the pH of a solution when 0.20 mole of HCl is

added to one litre solution containing.

(a) 1 M each of acetic acid and acetate ion ?

(b) 0.1 M each of acetic acid and acetate ion?

Given K, for acetic acid is 1.8 x 1075,

Calculate the composition of an acidic buffer solution

made up of H4 and Na4 of total molarity 0.29 having

pH=4.4and K, =1.8x1075.

Calculate the amount of NH3 and NH4CI required to

prepare a buffer solution of pH 9.0 when total

concentration of buffering reagents is 0.6 mol litre ™.
(Roorkee 1997)

Calculate the pH of a solution obtained by mixing 100

mL of 0.3 M HCI with 100 mL of 0.4 M NH3. pK,, for

NH =9.2552.

Calculate the pH of a solution obtained by mixing 50 mL
of 0.2 M NH4Cl and 75 mL of 0.1 M NaOH. pK, for
NH} =9.2552.
A certain buffer solution contains equal concentration of
X~ andHX . K}, for X "is107'°, Calculate pH of buffer.
Two buffer, (X') and (Y) of pH 4.0 and 6.0 respectively
are prepared from acid HA and the salt Nad. Both the
buffers are 0.50 M in H4. What would be the pH of the
solution obtained by mixing equal volumes of the two
buffers ? (K4 =1.0x107%) (Roorkee 1999)
A certain weak acid has K, =1.0x10™*. Calculate the
equilibrium constant for its reaction with a strong base.
(IIT 1991)
The pH of blood stream is maintained by a proper
balance of H,CO; and NaHCO3 concentrations. What
volume of 5 M NaHCOj solution, should be mixed with
10 mL sample of blood which is 2 M in H,CO3 in order
to maintain a pH of 7.4 K, for HCO; in blood is
7.8x1077 9 (IIT 1993)
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0.1 M CH3COOH solution is titrated against 0.05 M
NaOH _solqu'on. Cal_culate PH at 1/4th and 3/4th stages of
neutralization of acid. The pH for 0.1 M CH3;COOHis 3.
Ky of AgClis 1.5x107'° at 25°C. Calculate solubility
of AgCl in; (a) Pure water, (b) 0.1 M AgNO3, (c) 0.1 M
NaCl. (Roorkee 1995)
How many grams of potassium bromide (molar mass
120) can be added to 0.5 litre of 0.05 M solution of silver
nitrate just to start the precipitation of silver bromide ?
Ky of AgBris5.0x10713. ' :

The solubility of AgCl in water at 25°C is 1.79 x 107>
glitre. Calculate K, of AgCl at 25°C.

Ky, of AgBris 4x10™'3 and [Ag* ] in a solution is
1x107® mol litre ™. What is the [Br ~ Jin that solution ?
The [Ag* ] ion in a saturated solution of Ag,CrOy4 at
25°C is 1.5x10™ M. Determine K, of Ag,CrOy at
25°C.

. 25 mL of a sample of clear saturated solution of Pbl,

requires 10 mL of a certain AgNO 3 (agq.) for its titration.
What is the molarity of this AgNO3(ag.) ? K, for
Pbl, =4x107%.

. Equal volumes of 0.02 M CaCl; and 0.0004 M Na,SO4

are mixed. Will a precipitate form?

(K of CaSO4 =2.4x107°).

What (H;0" ) must be maintained in a saturated H,S

solution to precipitate Pb>*, but not Zn?* from a

solution in which each ion is present at a concentration of

0.01 M? )

(KpHaS=1.1 x1072; K, ZnS =1.0x107)
(Roorkee 2000)

K of PbCl is10™'3. What will be [Pb”* Jin a solution

prepared by mixing 100 mL of 0.1 M Pb(NO3); and 1

mL of 1 M HCI?

K, of PbBr; is8 X 1073 . If the salt is 80% dissociated in

solution, calculate the solubility of salt in g per litre.

. Z s
. The solubility of Pb(OH)2 in water 1§ 6.7x107° M.

Calculate the solubility of Pb(OH)2 ina buffer solution
of pH=8. (IT 1999)
The ionisation constant of benzoic acid is 6.46x107°
and K, for CsHsCOOAg is 2.5xl(? . How many
times is silver benzoate more soluble in a buffer of pH
3.19 as compared to pure water.

. Calculate the solubility of CaF; in a solution buffered at

pH=30, K, for HF is 63x107 and Kgp of

CaF, =3.45x107"".
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Will a precipitate of Mg(OH); be formed in a 0.091 M
solution of Mg(NO3 )5, if the pH of solution is adjusted
10 97 K, of Mg(OH); =8.9% 10712,

. Calculate pH at which Mg(OH); begins to precipitate

from a solution containing 0.10 M Mg?* ions. K, of
Mg(OH); =1x107"%. (Roorkee 1992)
Calculate the [OH ™ ] of a solution after 100 mL of 0.1 M

MgCl, is added to 100 mL of 0.2 M NaOH. K, of
Mg(OH); is1.2x107"! ‘

A sample of AgCl wastreated with 5.00 mL of I.'5 M

Na,CO; solution to give Ag2COs3. The remaining
solution contained 0.0026 g of CI~ per litre. Calculate
the solubility product of AgCl
(Ksp Ag2CO3 =82x107'%). (IIT 1997)
Calculate simultaneous solubility of AgCNS and AgBr
ina solution of water K, of AgBr =5 x107"> and K s, of
AgCNS =1x107'2, (UPSEAT 1995)
A solution contains a mixture of Ag* (0.10 M) and
Hg %" (0.10 M) which are to be separated by selective
precipitation. Calculate the maximum concentration of

iodide ion at which one of them gets precipitated almost
completely. What % of that metal ion is precipitated?

(Kp of Agl =85x10"7and K, of
Hg,l; =2.5x10726)
0.01 mole of AgNO3 is added to 1 litre of a solution

which is 0.1 M in Na;CrO4 and 0.005 M in NalOj3.
Calculate the mole of precipitate formed at equilibrium
and the concentrations of Ag*, 103 and CrO2". (K,
values of Ag;CrO4 and AglO; are 10~® and 10713
respectively). (Roorkee 2001)
The K g, of Ca(OH); is 4.42 x 1075 at25°C. A 500 mL of
saturated solution of Ca(OH), is mixed with equal
volu.m‘e of 0.4 M NaOH. How much Ca(OH); in mg is
precipitated? (11T 1992)
A sample of hard water contains 0.005 mole of CaCl, per
litre. What is the minimum concentration of Na,S04
which must be added for removing Ca 2+ jons from this
water sample? K ,, for CaSOy is 2.4 x1075 at 25°C.
1.75 g of solid NaOH are added to 0.25 dm? of 0.1 M
NiCl; solution. Calculate :

(a) mass of Ni(OH); formed; (b) pH of final solution
Given, K, of Ni(OH); =1.6x10™"

A mixture of water and AgCl is shaken until a saturated

solution is obtained. Now the solution is filtered and
100 mL of clear solution of filtrate is mixed with 100 mL
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0f0.03 M NaBr. Should a precipitate form ? K g, of AgCl
and AgBrare1x10%and 5 x10713.

Calculate pH of a saturated solution of Mg(OH),. K,
for Mg(OH), is 8.9 x10712,

0.1 mili mole of CdSO4 are present in 10 mL acid
solution 0f 0.08 N HCI. Now H,S iis passed to precipitate
all theCd?* ions. What would be the pH of solution after
filtering off precipitate, boiling of H,S and making the
solution 100 mL by adding H,0?

Zn salt is mixed with (NHg),S of molarity 0.021 M.
What mass of Zn?* will remain unprecipitated in 12mL
of the solution? Ky of ZnS =4.51x 1074,

Freshly precipitated Al and Mg hydroxides are stirred
vigorously in a buffer solution containing 0.25 M of
NH4Cl and 0.05 M of NH4OH.

Calculate [AI’*] and [Mg2*] in solution. Kjfor
NH4OH=1.8x107%. K, of Al(OH)3 =6x10732 and
K, of Mg(OH),=8.9x107'2,

A solution has 0.05 M Mg?* and 0.05 M NHj.
Calculate the concentration of NH4Cl required to
prevent the formation of Mg(OH), in solution. K sp of
Mg(OH); =9.0 x10'2 and ionisation constant of NH;
is1.8x107>. (Roorkee 1993)
A particular water sample has 131 ppm CaSO4. What
fraction of the water must be evaporated in a container
before solid CaSO4 begins to deposit Kg of
CaSO4 =9.0x107%2

To a solution of 0.1 M Mg?* and 0.8 M NH,4Cl, an equal
volume of NH3 is added which just gives precipitate.
Calculate [NH3] in solution. K of
Mg(OH); =1.4x10""" and K of NH;OH=1.8 X107,
10 mL of 0.3 M Na SO, are mixed with 20 mL solution
having initially 0.1 M Ca>* and 0.1 M Sr?* in it. What
are the final concentrations of Ca”*, Sr?* and SO} in
solution? Given K, of SrSO4 =7.6x10”" and K, of
CaS04 =2.4x1075.

The solubility of CaCO3 is 7 mg/litre. Calculate the

solubility product of BaCO3 from this information and
from the fact that when Na,CO; is added slowly to a

solution containing equimolar concentration of CaZ*
and Ba?* , no precipitate is formed until 90% of Ba%*
has been precipitated as BaCO3.

The solubility of Mg(OH), is increased by the addition
of NHj ion. Calculate.
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(a) Kcfor,

Mg(OH); +2NH; ==2NH3 +2H,0 + Mg+
Kgp of Mg(OH), =6x107'2, K ), of NH3 =18x10~5
(b) Find solubility of Mg(OH); in a solution containing

0.5 M NH4Cl before addition of Mg(OH),.
The K5, of Ag2C204 at 25°C is 1.29 x10™" mol® L3,
A solution of K;C,04 containing 0.152 mole in 500 mL
water is shaken at 25°C with excess of Ag,COj till the
equilibrium is reached.
Ag,CO3 +K3C04 = Ag,C204 +K,CO;
At equilibrium the solution contains 0.0358 mole of
K,CO3. Assuming degree of dissociation of K,C,0,4
and K,CO3 to be same, calculate K g, of Ag,CO3.
(IIT 1991)

Calculate the solubility of AgCN in a buffer solution of
pH=3. Given Ky, of AgCN =12x107"6 and K,, for
HCN =4.8x107'°.
Determine the concentration of NH3 solution whose one
litre can dissolve 0.10 mole AgCl. K, of AgCland X
of Ag(NH3)} are 1.0x107'% M2 and 1.6x107 M2
respectively. (Roorkee 1999)

Predict whether or not AgCl will be precipitated from a
solution which is 0.02 M in NaCl and 0.05 M in

K[Ag(CN)2]".  Given  Kingability constant ~ fOr
[Ag(CN)2]” =4.0x107"® and K, AgCl=2.8x107".
Given: Ag(NH3)} == Ag* +2NH3, K¢ =6.2x107%
and K, of AgCl=1.8x10"'" at 298 K. Calculate the
concent'ration of the complex in 1.0 M aqueous
ammonia. (IIT 1998)
Equal volumes of 0.02 M AgNO3 and 0.02 M HCN are
mixed. What is [Ag*] in solution after attaining
equilibrium? Given K, HCN=6.2x107'° and K,,
AgCN =22x10716,

Determine the mole of Agl which may be dissolved in
1.0litre of 1.0 M CN~ solution. K, for Agl and K¢ for
[Ag(CN)2]" are 1.2x107"7 M2 and 7.1x10" M7

respectively. (Roorkee 1998)
100.0 mL of a clear saturated solution of Ag,SOy4 is
added to 250.0 mL of a clear saturated solution of
PbCrO4. Will any precipitaje form and if so what?
Given, Ky, values for Ag 2S04, Ag,CrO4, PbCrO4 and
PbSO4 are 1.4x107°, 2.4x107'2, 2.8x107" and

1.6x1078 respectively.

116. 2 M solution of Na;COj is boiled in a closed container

with excess of CaF,. Very little amount of CaCO3 and
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NaF are formed, l.f the solubility product of CaCO3 is x
and molar solubility of' CaF; is y, find the molar

conc?nu_-mion of F7 in the resulting solution after
equilibrium is attained,

25.0 mL clear saturated solution of Pbl; (aq.) requires
13.3mL . of AgNOj(aq.) solution for complete
precipitation. What is molarity of AgNO; solution? K,
of Pbly is 7.1x107°,

250.0 mL of saturated clear solution of CaC504(aq.)
requires 6.3 mL of 0.00102 M KMnOy(aq.) in acid
medium for complete oxidation of czoi' ions,
Calculate the K, of CaC,04.

Ky for SrF; =2.8 % 10~° at 25°C. How much NaF
should be added to 100 mL of solution having 0.016 M
inSr2* ions to reduce its concentration t02.5 X 107> M ?
An aqueous solution of a metal bromide MBr, (0.05M)
is saturated with H,S. What is the minimum pH at which
MS will precipitate? Ky, for MS=6.0x1072".

Concentration of saturated H,S =0.1 M; K| = 1077 and
K =1.3%107" for H,S. (11T 1993)
H,Sis bubbled into a 0.02 M NaCN solution which is
0.02 M each in Ag(CN)3 and CA(CN)3%. If Ky of
Ag2Sand Ky of CdS are1.0 X 10750 and 7.1x10728 and
Kinsubitity for [Ag(CN)2] and [Cd(CN)4 > are
1.0x10°2° and 7.8x107'®, which sulphide will

precipitate first. ) .
Calculate the pH at which an acid indicator with

K, =1 x10~5 changes colour when the indicator
concentration is 1 X 1073 M. Also report the pH at which

coloured ion is 80% present. .
An acid type indicator. HIn differs in colour from its
conjugate base (In~). The human eye is sensitive to
colour differences only when the ratio [In~]/[HIn] is
greater than 10 or smaller than 0.1. What should be the
minimum change in the pH of the solut;on to observe a
complete colour change (Kq=1.0% 107°)? (T 1997)
Bromophenol blue is an indicator with a value of
K,=584x107. At what pH it will work as an
indicator? Also report the % of this indicator in its basic
form at a pH of 4.84. .
Calculate the percentage hydrolysis in 0.003 Ai aqueous
solution of NaOCN. K for HOCN = 3.33x107".
(Roorkee 1996)
What is the pH of a 0.5 M aqueous NaCN solution? pKp

of CN~ =4.70. (IIT 1996)
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Calculate degree of hydrolysis and pH of 0.2.5 M solution
of NH4C. Given K, for NH4OH is 1.8 %107,
Find out the mass of NH4Cl dissolved in 500 mL to have

pH = 4.5 K}, for NH4OH is 1.8 % 107,

(8) K, for butyric acid is 2.0 X107, Caleulate pH and
hydroxyl ion concentration in 0.2 M aqueous
solution of sodium butyrate. (Roorkee 1994)

(b) The dissociation constant of a substituted benzoic
acid a1 25°C is 1 x107%, Calculate the pH of 0.01 M
solution of its sodium salt. (11T 2009)

K, for ascorbic acid (HAsc) is 5 %1075, Calculate the

hydrogen ion concentration and percentage of hydrolysis

in an aqueous solution in which the concentration of

Asc " ionsis 0.02 M. (Roorkee 1997)

Calculate the pH at the cquivalence point when a

solution of 0.1 M acetic acid is titrated with a solution of

0.1 M NaOH. K , foracid=1.9x107>. (Roorkee 1990)

0.1 M NaOH is titrated with 0.1 M HA till the end point.

K, of HA is 56 1079 and degree of dissociation is less

compared to 1. Calculate the pH of the resulting solution

at the end point. (IIT 2004)

Calcium lactate is a salt of weak acid and represented as

Ca(LaC);. A saturated solution of Ca(LaC); contains

0.13 mole of salt in 0.50 litre solution. The pOH of this is

5.60. Assuming complete dissociation of salt, calculate

K, of lactic acid. (Roorkee 1991)

Calculate the pH of 0.1 M K3POy4 solution. The third

dissociation constant of orthophosphoric acid is

1.3 x10712 . Assume that the hydrolysis proceeds only in

the first step.

Equilibrium constant for the acid ionisation of Fe** to

Fe(OH)?* and H* is 6.5x107>. What is the maximum

pH which could be used so that at least 95% of the total

Fe3* in a dilute solution exists as Fe3* ?

The acid ionisation constant for
Zn?* +H,0<= Zn(OH)* +H*

is1.0x107°. Calculate the pH of 0.0010 M solution of

ZnCl;. Also calculate basic dissociation constant of

Zn(OH)*.

The dissociation constants for aniline, acetic acid and

water at 25°C are 3.83x1071°,1.75x10™ and

1.008 10714 respectively. Calculate degree of

hydrolysis of aniline acetate in a deci normal solution.
Also report the pH.

Calculate the pH of an aqueous solution of 1.0 M
ammonium formate assuming complete dissociation.
(pK, of formic acid =3.8 and pK, of ammonia

=4.38) (IIT 1995)
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Calculate pH of the following mixtures. Given that

K, =18x107 and K; =1.8x1075.

(a) S0mL of 0.10 M NaOH + 50 mL of 0.05 M
CH3;COOH.

(b) 50mL of 0.05 M NaOH + 50 mL of 0.10 M
CH3;COOH.

(¢) S0mL of0.10 M NaOH + 50 mL of 0.10 M
CH3;COOH.

(d) 50 mL of 0.10 M NH4OH + 50 mL of 0.05 M HCI.

(e) 50 mL of 0.05 M NH4OH + 50 mL of 0.10 M HCI.

(f) 50 mL of 0.10 M NH4OH + 50 mL of 0.10 M HC.

(g) 50mL of 0.05 M NH4OH+ 50 mL of 0.05 M
CH3;COOH. .

The vapour pressure of 0.01 molal solution of weak base

BOH in water at 20°C is 17.536 mm. Calculate K, for

base. Aqueous tension at 20°C is 17.540 mm. Assume

molality and molarity same.

A 0.01 M aqueous solution of weak acid HA has an

osmotic pressure 0.293 atm 25°C. Another 0.01 M

aqueous solution of other weak acid HB has an osmotic

pressure of 0.345 atm under the same conditions.

Calculate equilibrium constants of two acids for their

dissociation.

The salt Zn(OH), is involved in the following two

equilibria :

Zn(OH); (s) == Zn** (ag.) +20H (aq.)

Kg=12x10""7

Zn(OH), (s) +20H" == Zn(OH)? " (ag.)K ; =0.12

Calculate the [OH ™ Jat which solubility of Zn(OH); be a
minimum. Also find the solubility of Zn(OH); at this
H.
i 500 mL sample of an equilibrium mixture of gaseous
N,04 and NO,, at 25°C and 753 mm of Hg was allowed
to react with enough water to make 250.0 mL of solution
at 25°C. Assume that all the dissolved N,O4 is
converted to NO, which disproportionates in water
yielding a solution of nitrous acid and nitric acid.
Assume further that disproportionation reaction goes to
completion and that none of the nitrous acid
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disproportionates. The equilibrium constant (K, ) for

N,04(g) = 2NO; (g) is 0.113 at 25°C. K, for HNO,

is4.5x10~* at 25°C.

(a) Write balanced equation for disproportionation.

(b) What is molar concentration of NO3 and pH of the
solution?

(c) What is osmotic pressure of solution?

(d) How many grams of lime (CaO) would be required
to neutralize the solution?

K, for HCN and CH;COOH are 4.9x107'° and

1.8x1075 respectively. Calculate the equilibrium
constant for the reaction:

CH3;COOH + NaCN +——= CH3COONa + HCN
It is found that 0.1 M solution of three sodium salts NaX,
NaY and NaZ have pH 7.0, 9.0 and 11.0 respectively.
Arrange the acids (HX, HY and HZ) in order of increasing
acidic character. Where possible calculate dissociation
constant of acid.
Calculate the pH of 0.05 M KHCgH404

HyCgH404+ H;0 = H30" + HCgH403; pK,, =2.94

HCgH403 + HyO0==H;0" +CgH403; pK,, =5.44

A buffer solution of 0.080 M Na;HPO4 and 0.020 M

Na3POy is prepared. The electrolytic oxidation of 1.0 m

mole RNHOH is carried out in 100 mL buffer to give.
RNHOH + H;O— RNO, +4H"* +4e

Calculate approximate pH of the solution after oxidation
is complete. PKg,,PK,, and pK,, of H3POy, are 2.12,
7.20 and 12.0 respectively.

Calculate the difference in pH for 1/3 and 2/3 stages of
neutralisation of 0.10 M CH3COOH and with 0.10 M
NaOH.

The molar conductivity of a solution of a weak acid HY
(0.01 M) is 10 times smaller than the molar conductivity
of a solution of a weak acid HY (0.1 M). m‘;_ = 1‘;,.

the  difference  in  their pK, values
PKq (HX) —pK, (HY), is (consider degree of ionization
ofbothacidstobe << 1) [JEE (Advanced IT) 2015]
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1 —a a @ K 275%107°
where o is degree of dissociation of acid, if C molflitre is e JTH = J “oons - A 10
concentration of acid, then X

- —6
[H* ] = Cot; [CH3 COO™ | = Cat; [CH3 COOH] = C(1—at) [H' ]=C-a=0014x443x107" = 621x107° M

[CoH707]=C-a=621x107 M

H' ]J[CH;C00™
Also K, =L 3 1_Ca-Co i il
* = "[CH,COOH] - C(I-a) =Ca’ oH =1 - 10 _ 161107 m
[K g is small . will also be small and thus 1- = 1] ('] 621x107°
2
_5 K,
or 1.8x10 =Cx(%0) . C=018 6. NHy+H0SSNH{ +OH: Kb =34x10"
2] IiFre solut%on contains = 0.18 mole of CH; COOH NH' +H20.——‘NH40H+H'; K, =56% 107
1 litre solution contains = 0.18x 60 =10.8 g CH;COOH = K.
2. NzHq +H20?—‘N2H; +OH" K (base)NH, =7(—L —K——— (K acsd XK page =Ks)
Before dissociation 1 0 0 b acid (NHg )
After dissociation  1-a ) a a Ky 10714 WXI.S
Ca o —F—=——— =
Atla Kv=tdy 34x10'°  5.6x107'° ks
Assuming fiiiil % CH,FCOOH == CH,FCOO™ +H"
K» =C 2 Mole before dissociation 1 0 /]
b =Ca S— Mole after dissociation a-a) a a
[Nzﬂ.1=c=ﬁ—=o.m Given, [H']=C-a=15x10">mole litre™
. _ 6., . 2_4x1075 _ _4 k. - CaxCa) _ Ca
Given K, =4x10"M . a”= 0.01 =4x10 a C(l a) =0-a)
a=2x10"2 ie,a=0020r2% 3 1.5x10°3 xa
’ 26x1073 =15X10"xa . 5_g,
3. Given, HNiC = H' + NiC” (-o) GG,
a lu) 3 3 Now, C-a=1.50x1073
)
Also, C= ‘“ —s5x102 mollie™!; K, =14x107° C=%=u7xu—3y
o2 Co’ _cn? (+l-a=]) Note : Since K, is of the order of 10> M and thus it is not advisable
Ka (1 a) touse K, =Ca’. mﬂ‘u)ﬁnﬂmnlmus
l4x10 ot small.
Sx10'2 8. Given, _massof NH; _ 10
mass of solution 100
=1. 67x10 2 or 1.67% *s 100 g solution contains 10 g NH;
4 [HSaC) = T2 = -————4’“0 =2x10° M S My, =(10x1000)/[(17%(100/ 0.99)) = 5.82
: litre 200/1000 ) (- ¥V = mass/ density)
The dissociation of HSaC takes place in presence of Now NHj; +H;0—» NH,OH ‘——‘NH: +O"
[H+ 1= 1073 Before ~dissot:i:t:ion 1 0 0
HSnC‘——-E H* +8aC” At fissicbition 0-a) « e
Cone. before dissociation 2x10> 107 0 & [OH ]=C-a=C{(K} /C)=(Ks -C)
In presence of H' the dissociation of HSaC is almost [+C=582MandK, =K, /K,
negligible because of common jon effect. Thus, at 1M /(5)(.0_,0):2“0_5]
uilibrium ; = .
" [HSaC)=2x107; [H*1=107 [OH™ )=[2x10™° x 5.82] = 1.07x 107 A
[H* (SaC” ] e (107 ][SsC"] [H*1=10"" /107107 = 0.9268x 1072 Af
@ = [HSaC) o 2x1073 & pH=-log[H* ]=-log 09268x107'? =12.0330

[SaC”]=4x1072 M
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12.

2NH; == NH] +NH; (self ionisation)
and K =[NHj J[NH3 ] " [NHj ]=[NH;3]
[NH3 ]=vK =100 =10"15 ¢
Number of amide ions in 10% cm® =107 x 6x 102
Number of amide ions in one cm?
-15 23
=177 x6x107 _ 6195 jons
10°
Given density of formic acid = 1.22g /cm>

Mass of formic acid in 1 litre solution =1.22x10%g

3
Thus, [HCOOH] = 1-22+‘° =265M

Since in case of auto ionisation [HCOOH ] =[HCOO™ ]
and [HCOO™ J[HCOOH} ]=107% .. [HCOO™]=10"

Now % dissociation of
[HCOO™]x100 _ 103

HCOOH = = 100
” [HCOOH] ~ 265 %
=_Ca & o,
[a C(l-—a)] 0.004%
NH; +H" <= NH}; AH®=-522
Adding, HO = H' +OH™; AH°=566

NH3 +H,O==NH} +OH™: AH°=44kJmol™!
Similarly, AS® for the change = ~76.53JK ™! mol™!
or for the change :
NH4OH==NH; +OH™; AH°=44kJ mol™’
and AS°=-76.53JK™" mol™!
Now we have AG°= AH°-TAS®
AG®=4.4—(=76.53%1072 )x 298 = 27.21 KJ mol ™!
Also, AG°=-2.303RT log K
27.21=-2.303x8.314x 107> x 298 log K

Kp=17x10"%
For a weak monoprotic acid
HA ==H"+4~
Before dissociation 1 0 0
After dissociation I-a o a
[H" 1=Ca (i)
- Caz o
and K, -—(l—a) LG(ii)
By substituting value of C from Eq. (ii) in Eq. (i)
mtj=Xelomye _K,(-a)
o? o
Thus, -log[H* ]=—[log K, +log(1-a)- log o]
1 '] ;
H=log — —
or pH=log X, +log =0 (iv)

Also, pH=pK, - los[‘jT“] or log =% = [pK, - pH)

13.

14.

15.

Numerical Chemistry
1-0 _ oPKa-PH) o E‘(._ 1=10®PKa—PH)

o
1
or &= 0@k
NH4OH==NH, +OH"
1 0 0
(1-a) a a
Given, .pH=11
(H*1=10"" . [OH ]=107 =Ca
Since, C=0.05
_107 102 o102 o 29
4=7c 005 y

[OH™ ]x[BiO* ]=4x10717
[OH ]2 =4x107'" . [OH ]=2x107*

pOH = 46989
pH=9.3010
IStep H;PO, ==H' +H,PO;;  K;=7.5x10"2
IStep H,PO; ==H' +HPO2™; K7 =62x10"8
MiStep HPO2™ ==H' +PO;; K3 =3.6x10""
For I Step : H3PO4 ==H' +H,POj;
0.1 0 0
01-C C 3 C
" H'JHPOT] ¢
[H3PO4] (0.1-C)
7.5%x107% =—C> - C=0.024
' o1-c) - ’
[H" 1= 0.024 M pH=1.6198

[H,POZ ]=0.024 M
[H3PO4]=0.1-0.024 = 0.076 M
The value of X is much larger than K, and K3. Also
dissociation of II and III steps occurs in presence of H*
furnished in I step and thus, dissociation of Il and ITI steps is
further suppressed due to common ion effect.
ForIlstep: H,PO; = H' + HPOi"
0.024 0.024 0
(0.024-y)  (0.024+ y) y
The dissociation of HyPO3 occurs in presence of [H* ]
furnished in step I.

H* [HPOZ™
Thus, K, =Mor 6.2x ]()‘8 =S£)3_4.+_y)'!
[H,PO3 ) (0.024- y)

yis small . 0.024~ y = 0.024 and neglecting y°.

6.2x1078 =%2244y y=62x10"
or [HPO} 1=K, =62x10"®  (Insiguificant)
For[IStep: HPO;™ = H' + PO}
(62x10™% -x)  (0.024+ ) x
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16.

17.

3_
Ky= [H" )[PO; 1_ (0.024+x)x
[HPO}"]  (62x1078 -x)
Again neglecting x” and assuming, 6.2x 10~%—x = 6.2x 10”8
3.6x 10_13 - 0.024}

6.2x1078
_3.6x1071 x6.2x10°% _ -19
x = =9.3x10
(Insignificant)

Note: For weak polyprotic acid having no other electrolyte,
the anion concentration produced in II step of
dissociation is always equal to X, if concentration is
reasonable.

CaseI: [OH_ ] = [NH2C2H4N]{3 ]+

X
=Cx % =+0.15x8.5x10"°

=357x103 M
Casell: NH,CH4NH; +H,0=
[NH3C,H4NH3]** + OH™

3.57x107° 0 3.57x107
[3.57x107 - X] X (X +357x107%)

X-(X+3.57x107)
(3.57x107 - X)

Neglecting X 2, also 3.57x107 - X =3.57x 1073;
(X is very small)

2.7x1078 =

357x107° - X
3.57x107
X =27x10"%
[NH,C,HyNH3 1** = 2.7x10°% M =K,
Strong acids ionise completely at normal diluti_ons.
(1) 1073 N HNO3: HNO; — H +NO;3
Conc. before ionisation lO':N .l:_) 100"
m[.:; 1=10" mollitre or Eqlitre (-+H" ismonovalent)
pH=—log[H' ]=-log 107
pH=3
(2) 107 M H;804:
m.h:::eratioo'fﬂzso.; . HY:8027::1:2:1

27x10°8 =

. %
sto4-——+2H* +S0;

10°M 0 . 0_’
0 2x107 10

(H ]=2x10" M 3
pH.—.-log[H*]=—log2xlo
pH = 2.6989 .
(3) 10> N H2S04: H,S04— 2H" +50;
Conc. before ionisation 107N o3 loo_’
. jonisati 0 10™
Conc. after ionisation

Equal equivalent of a substance gives equal equivalent
of its components.
(H* =107 M
; pH=~-log(H"] . pH=3
(4) 0.01 N HCI: HCl— H* +CI7
Conc. before ionisation 1072 N 0o 0

Conc. after ionisation 0 1072 107
(H*]=107 M
pH=-log[H"] . pH=2
(5) 1078 NHCI: )
Solution 1 : HCl— H* +C1
Conc, before ionisation 107N 0 04l
Conc. after ionisation 0 107% 10

[H* ]=10" M but pH = 8 is not possible because it is
acid. Now [H* ]=10"" M are already present in solution
and since 1078 < 1077 and thus, it should not be neglected.
. [H]1=108 4107 =107 (LM = L1107 M

pH= 6.9586 o
Solution I The above solution lacks with dmwy
that dissociation of H;0, a weak elwtmlytg is also
supprcsscdinpresenceofHCldutoconnnmwucﬂ'ect
and thus, [H" Jy1,0 #1077 but will be lesser than this.

Therefore, dissociation of H Oin presence of 1078 H* .

H,0 == H'" + OH

10°%+a) a
Ky =007 +a)a a=0.95x10""
(H'1=10"% +0.95x107 =1077 x1.05=1.05x 10"’
pH=6.9788
(6) 102 M HCI: HCl— H* +CI”
Conc. before dissociation 102 o o
Conc. after dissociation 0 102 102
[H']=10*M . pH=-2

Students are often under the illusion that it is impossible
to have a negative pH. There is no theoretical basis for this.
A negative pH only means that the hydrogen ion
concentration is greater than 1 M. However in actual
practice, a negative pH is uncommon because of two
reasons. First, even strong acids (say 100% H,SO4)
becomes partially dissociated at high concentrations. The
second reason has to do with activity.

Sorensons originally intended pH to be related to [H* ],
but his fundamental method of measurement—the
hydrogen electrode—is now known to depend on
thermodynamics activities rather than [H' ), ie, on
ageand ag, =[H' )fio. In dilute solutions activity
coefficient, f, .+ is near enough to unity and thus,
a =[H"]. At high concentrations, the activity
coefficient is less than unity. Thus, pH defined by
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19.

—log [H" ]is not only of little theoretical significance, but
in fact cannot be measured directly. It has therefore, come to
be accepted that pH=—log g ay+ (this is what a pH meter
reading is a measure of), i.e., pH of 102 M HCI cannot be
calculated until Sy is known. Nevertheless, there is

mathematically no basis for not having a negative pH.

(a) [H* ]=0.05=5x1072
pH=—log[H* ]= - log 5x 1072
pH=1.3010
®) [H"]=50M but pH#-log 5% —0.6989
See Problem 17 part 6.

(©) [H*]=10"%
See Problem 17 part 5.

. pH#-log1078 8

() 0.001 N NaOH :
NaOH— Na*t +OH"
103N 0 0
0 107 107
[OH ]=10"M (" NNaOH = MNaoH)

POH=-10g[OH ]=-1log10~% = 3
- pH=14-pOH=14-3=11 - pH=11
(b) 0.01 N Ca(OH);:

Ca(OH); — Ca?* +20H™|.. Equivalent litre™! are

102N 0 o |given equation ratio
0 102 1072 |Ca(OH),:Ca2* :OH :1:1:1
[OH ]=102M .. pOH=2 .. pH=12

(c) 0.01 M Ca(OH);:

Ca(OH), —» Ca?* +20H | .. Mole ratio of
102 M 0 0 Ca(OH),
0 102 2x102 | Ca?*:OH™:1:1:2
[OH 1=2x10"2M .. pOH=1.6989

- pH=14-1.6989=12.3010
(d) 10~ M NaOH: NaOH—> Na* +OH™

108N 0 0
0 10°% 107
[OH 1=10%M

Now proceed for OH™ as in problem 17 part 5.
(¢) 10? M NaOH:
NaOH— Na* +OH™
102 M 0 0
0 102 102
[OH ]=10*M
Now proceed as in problem 17 part 6.
(N 0.0008 M Mg(OH); :
Mg(OH); —> Mg?* + 20H"
8x1074M 0 0
0 Bx10™  2x8x10™*
s [OH)=16x10"*M .. pOH=2.7958
pH =11.2041

Numerical Chemlstry

20. (a)[OH™]=0.05M =5x1072

21.

pOH=-log[OH™] .. pOH=1.3010
.. pH=12.6989
(b) [OH™]=5

Proceed as in problem 17 part 6.
(c) [OH"]=10"8
Proceed as in problem 17 part 5.
() 0.002 N CH3COOH: Acetic acid is weak electrolyte
and partially dissociated.

CH3 COOH=+==CH;3;CO0™ +H*

Conc. before dissociation 1 1] 0
Conc. after dissociation I-a a o

+1=Co=2x107 x 23 = 4.6x107
[H" ]=Co=2x10 XlOO 4.6x M

pH=—log[H" ]=-log 4.6x107
pH=4.3372
(b) 0.002 N NH,OH: NH4OH is weak base and partially
dissociated.
NH4OH==NH, +OH"
Conc. before dissociation 1 0 0
Conc. after dissociation l1-a a a

[OH™ ]=Ca=2x10" x%: 464107° M
pOH = - log[OH™ ] = —log 4.6x10~°

pOH=4.3372 pH=14-43372
pH=9.6628

. Concentration of SO, in air is 10 ppm or 10 mole in

10® mole air or 1075 mole SO, per mole of air. The
concentration of SO, in air being substantial and since rain
water is falling from enormously great height so, each drop
of rain water will get saturated with SO, before it reaches
earth

Now the given concentration or solubility of SO, at 298 K is

1.3653 M. This value of solubility corresponds when

Pso, =1atm.

Thus according to Henry’s law.

[SO; ]dissolved in water o P50, in gas phase

Thus solubility of SO, at the condition of Pso, of 10 atm

as P o< mole and therefore since solubility is reported at

1 atm

~[SO3 ]dissolved at pressure 1 atm = 1.3653 M

. [SO3 ], dissolved at pressure 10~ atm
=13653x10°M=C

i.e, [H2803]=[S02]=1.3653x 10" M

Now, SO, +H;0+= H* +HSO3
l 0 0
(1-a) [} a
_Co-Ca _ Co?
7 Cl-a) (1-a)
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0.012= 1:3653x107 xa?
(I-a)
(' PKp =1.92and thus K, = 0.012)
1.3653x10°a? +0.0120-0.012=0
= 200123 V1.44x107° +4x1.44x10"
2

or

=1
[H* ]=Cxa=1.3653x10"5
pH=4.8648
23.  CHCI,COOH==CHCI,CO0~ + H*
C 0 0.01
Cﬂc_;>)<(Ca+um) C?x(non+tlcgl; °! 2
K, = Cl-a) = =) =5x10
0.0l(1+a)
(I-a)
a=0.7416
[CHCI,C00™ | = 0.01x0.7416 = 7.416 x10~> M

[H* 1=7.416%107> +0.01=0.0174 M
24. pH will be decided by [H*] furnished by HCl and

=5x102 or a?+6a-5=0

CHCl,COOH
CHCl, COOH = CHCI,COO~ +H*
Initial conc. 0.09 0 0.09(From HCI)
Final conc. (0.09-x) x (0.09 + x)
[HY 1=0.09+x;
but pH=1, o [HY1=10"' =01
0.09+x=0.1 x=0.01

K , for CHCl; COOH can be given as

Ka:[H*][CHCl;COO']_ 0.1x0.01 _ ;25,192

[CHCI,COOH]  (0.09-0.01)
28. (i) pH=3 or ~-log[H"]=3 . (H1=103M
(i) pH=475 - —loglH']=475

[H* ]=1.7782x105 M

26. Dicthyl amine is base and give OH ™ as,
(CHs ), NH+ H,0== (C;Hs ); NH; +OH™

Initial conc. 1 0 0
Equilibrium (-a) a a

[OH ]=Ca
where C is conc. of base and C = 0.05M
pH=12 s pOH=2
or [OH =102 M s Ca=10"2
or 0.05xa =102 -+ C =0.05)
" a=02

ca? _0.05x 0.2

Now forsbase, K» = =03~ —(1-02)

- Q08 :.04 -28x10"

647

Note: Do not use K = Ca? sincec = 02and |- = 0.8,
27. K, for Hy0mt28°C=10""

(H* J(OH™ |= 107" (K, =[H" JIOH" ]
; (H* =107 M _ upH=T
Now x.,roru,o-wo'c-o.ozno"‘
. [H* )[OH™ ] = 9.62x 107"
For pure water [H* ] = [OH™ ]

(H* )? =9.62x107"

(H* |=y(9.62x107"* ) = 3.10x1077 M

pH=—log H* = -log 3.10x1077

pH = 6.51 ' '
Thus, pH of water becomes 6.51 at 60°C but the nature is
neutral since calculation for pure water has been made, l.e.
pH scale at 60°C becomes in between 0 to 13.02.

28. HO0e=H' +OH™ (molarity of water = 55.6 M)
- —14
y = [HJMOHT) | Ky 1077 Ly gy5016
[H,0] [H20] 556

Also, H;0+H;0+2H;0* +OH™
K. _[H;0"JIOH"]_ K,

P77 H0F  [Ha0P
~14

=10 324x1071®
(55.6)*

29. At25°C,K,, forH,0=10""*, Thus[H* ]=[OH ]=10"7
or pH of water = 7. Also as the temperature decreases K ,,
for H,O decrease (ie, K, <10"'*) because of low
dissociation of water (H,O+=2H" +OH™; AH = +ve)
following Le Chatelier’s principle. This leads to lower
concentrations of H* and OH™ ions. Thus pH of water is
more at 4°C than at 25°C, however H, O remains neutral.

30. At25°C; [H']1=10"7 K,=10"1
At35°C; [H*]1=10° . Kk, =10"12
Now using  2.303log o ™ = M[ﬂ]

Ky, R |\ xT
—12
2.303l0g o 12 =M[L
10714 2 |298x 308

AH = 84551 .4cal/ mol = 84.551 keal / mol
Thus, H,O+=2H' +OH™;  AH =84.551kcal/ mol
H' +OH™ = H,0; AH = -84.55 1 kcal / mol
31 HCl, =107 M sincepH =5
Meq. of HCl; in | mL = 1073 x|
Meq. of HCly; in 1000 mL = N x 1000

Since 11 is prepared by diluting |
on dilution. y cfluting I and Meq. does not change
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33.

i.e., Meq. of HCI (concentrated) = Meq. of HCI (dilute)
107 x1=Nx1000 . Ny, =107

Now, proceed as in problem 17 part 5.

y pH=6.9788
B;Hg +6H; 0— 2H3BO; +3H,
1 mole (=27.6 g) ofBz H6 = 2mole H3BO;

2.0gof ByHg _m_o .145 mole H3 BO;

0.145x1000 _
H3BO;]=
[H3BO; ]= T =145M

H3;BO; +H,0+= B(OH); + H*

Ca?

1-a

or 73x1071° =145x0? - a=224x10"°
[H* 1=Co=1.45%2.24x107% =3.25x1075

pH = 4.4881

For HCI gas PV = nRT

Pac,, = 7407;(2)3.7

T=25+273=298K

. Mole of HCI, i.e., nycy -%

__ (740-23.7)x100
760x 1000 0.0821x 298
n=3.85x10"2
-3
Now, Molarity of HCl= 7 = 3:85X10
Vsolutiun 1
[H')=385x10" M
pH=—log H" = —log 3.85x107
pH=2.4142

Now

a=

(s 1-ael)

100
tm V=
al 1000 — litre

(v inlitre)

Given, pH=4.18=—log[H" ]
[H' ]= 6.61x10~5 mol litre™!
H,CO3; ==H* +HCO3
_[H"][HCO3]
'~ T [H,C03]
or  445x1077 = ————[66"‘1[‘(’) ;lI]HCO”
or [HCO3 1= 6.73x10~5 mol litre ™!

Again for dissociation of HCO3 , we have
HCO; == H" +C0;}"
_[H')[C0}")
 [HCO3]
[6.61x107° ][CO%" ]
[6.73%107%]
[CO;' 1=4.78% 107" mol litre™!

or 4.69x107!! =

3s,

36.

37.

Numerical Chemistry

HCl + NaOH— NaCl + H,0

Meq, before reaction 50<06 50703

=3 =I5 0 0

Meq. sfter resction 15 0 15 15
For monovalent electrolytes

Molarity = Normality = Z5 ~dalent

[cr].l_’l&#.o.sma'pmedbyuaum

[N.+ ]=-l%»5030.l§M

[H* ]= -'-5- =0.15M

~14
[oﬂ-]=w_ =10 _gex107M
]

Also pH=-log[H" ]=~-1log0.15
pH=0.8239
Milli equivalent of H* from HC1=10x0.1=1
Milli equivalent of H* from H,SO4 = 40x02x2=16
Total Meq. of H' in solution = 1416=17

[H']= —-34x10" ( M 1= M“‘)
Vami
pH= 0.4685

Casel: CH3;COOH = CH3C00~ +H"
Conc. before dissociation l 0 0
Conc. after dissociation

[HY ]=Ca= c( )—‘/(x C) -J(lsxw"xl
= \/(ISx 10%)=424x103 M

pH=—log H* =-log(4.24x1073)
pH=12.3724
Case I1 : New pH is given as = 2.3724 x 2= 4.7448

pH=—loglH" ]=—log 0.34

- Letnew conc. be C and degree of dissociation bea,

-log{H" ]=4.7448 ..
or Cioy =1.8x107°
(H* )[CH3C00™

[CH3;COOH]
Cioy xClul - C.u. Q)
G-0)  (-ey)
-5
1.8x10°5 = 1.8x107™° xa;
(1-a))
o =05
Cio =1.8x 10_5
-$
C = 1.8x10
@)
Let 1 litre of conc. solution be diluted to ¥ litre.

[H* )=1.8x%10"°

Now again K, =

Ko =

Now

=36x10° M

< 18x107
0.5
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Eq. of dilute solution = Eq. of concentration solution
3.6x1075 x¥ =1x1

A

Py =2.77x10* litre
OX

Note : In Il case o) comes 0.5 by K, =(Tcl%f—)andthus. itis
-y

not advisable to assume (1-0o; ) = 1.

HCl+NaOH— NaCl+H;0
Meq. before reaction ~ 100x0.1  9.9x1
=10 =99 0 0
Meq. after reaction 0.1 0 9.9 9.9
H* ]left from HCl = 2L = e
[H] 95 9.099x10~* M
pH=—log H* =-log 9.099x107*
pH=3.0409
pH of HC1 =2 . [HC=102M
pH of NaOH =12 ;. [NaOH]=102M

HCl + NaOH— NaCl + H,0
200x1072 300x 1072
=2 =3

Meg. after reaction 0 1
1

0
2
[OH™ left from NaOH = =5 = 2x10° M

Meg. before reaction
0
2

pOH=—log OH™ =-log 2x10>
pOH = 2.6989 pH =11.3010

. () Meq. of CH3COOH= 500x0.2=100

Meq. of HC1 = 500x%0.2=100
el = 190 — .1;[CH;CooH) = 1% = 0.1
T T 1000

For CH;COOH : CH3 COOH == CH;COO™ +H*

Before dissociation 0.1 0 0.1 (from HCl)
After dissociation 0.1-x) x 0.1+ x)

[CH3COO™ JH" ] _ x(0.1+x)
Ka= =0.1-x)
[CH3COOH] (0.
Due to common ion effect dissociation of CH3COOH is
very small in presence of HCL. Therefore, (0.1+x)= 0.1and
0.1-x)=0.1.

xx0.1
Ka=701
Thus, degree of dissociation
o=-% = 115X 107 _ | 75x 107 =0.000175 =0.0175%
0.1 0.1
Also, [H']=0.1+x=01
pH=—log[H"']=-|08[°-1]’—'l

o 6o
(i) Eq. of NaOH or mole of NaOH added = " 0.15

x=K, =1.75%107

(x<<0.1)

Therefore, new equilibrium will have
CH;COOH+ HCl + NaOH— CH3 COONa+NaCl+ H(Z) (0]
0.1 0.1 0.15 0 0
0

0.05 0 0.05 0 0

41.

42.

549
Thus, the solution will act as acidic obugfer having
[CH;COOH]=%)‘%%md[CH3COONI]=m
[Conjugate base]
[Acid]

s, [0.05/1000]
=-log1.75%10 +l°8m

Thus, pH=-log K, +log

pH=4.757
CgHsNH; +HyO== CgHsNH} +OH
[CeHsNH?, J[OH ]
e Kb =—CeHsNH,]
Kw

_ Kw
K4 for CgHsNH}

1x107
2.4x107
Since dissociation of CgHsNH; occurs in presence of
NaOH and thus dissociation of C¢ Hs NH2 will suppress.
Thus, [OH"]=7; [C¢HsNH2 )= 0245~
[CeHsNH] ]= 1078
1x1074 _ 1078 x[OH"]
24x107° 0.24
[OH™ = — 024 107"
24x107° x1078
s [NaOH] = 0.01M
In this problem both the acids contribute for [H* ] due to
appreciable dissociation. Thus,
HCOOH=H'* +HCOO"~

(1)
Also K, for C¢HsNH; =

«(2)

Therefore,

=0.01

x+y *
HOCN==H' +OCN"
x+ y y
Because [H" ] will remain common in solution. Thus,
[H' J[HCOO™) 4 -
K =S d- R
HCOOH [HCOOH] 1.8x10 (1)
[H* J[OCN™]
Kuoon =—7———=3. 7
[HOCN] 3x10 .(2)
_ x4y —4
or KHcooH = 1 - 1.8x10 S ..(3)

_G+y)y _ —4
Knocen —T—3.3X10 .4

1.

Thus, by Egs. (3) and (4) 3

< Ix
w

or y=1.83x

FromEq. (3) (x+1.83x)-x=1.8x10"5

Therefore, y=4.61x10"3

Thus, (H" ]=x+y=2.52x10"3 +4.61x 1073
=713x10"3 M

A5
Sx=2.52x10"2



550
Q. HCOOH+2 H* + HCOO™
CH3;COOH= H* +CH;C00"
Since both have same pH and therefore.
[H* )by HCOOH =[H"* ]by CH; COOH
Cia) =Cha3
JKqu =J(K¢:C2)
* (24x10™ x05) = J(1.8x10° xC)
Ccuycoon = 6.666 M
“ HA=H" +4"; K, =138x10™
HB=H' +B; Ko =1.05x10""°
Itis thus evident on account of low K , values for HB,[H" ]
from HB is appreciably small in comparison to [H* ] from
lumdthmmybeneglected.

For HA: ML C
T [HA]
H )
[H4]
[H* J? =1.38x107* x[HA]
=1.38x10~* x0.03
[H' ]=[4"]=204x107 M
M ]B"]
Ke="thz)

P 2.04x1073 x[B”]
0.1

(Since [H* ] is provided by acid HA and HB is almost
sociaded]
or [B~1=515x10" M
4S. CH;3; COOH+==CH3C00" +H'
CgHsCOOH==CgHsCO0™ +H"*
[H*]:JK., -G +Kgq C2
=v1.8x1075 x0.02+6.4x107> x0.01=1x107
pH=3
Also Ko=

1.38x107* =

Therefore,
Now for HB:

[CH3COO™ J[H" ]
[CH; COOH] ,
_s _[CH3000” ][1x10™"]
1.8x10°5 = [ 0
A [CH;CO0™ ]=3.6x107*
Similarly, [C¢HsCO0™ )= 64x107*
46. Given, [HCOOH] = 0.015M
(HC1)=0.02M
[H* )in solution = 0.02 M

mdmnmofHCOOHunwunddnemcomnm
ion effect in presence of HCI. The [H* }is provided by HCI
in solution.

47.

. (8) WehavepH=-log K, +log

Numerical Chemistry

HCOOH w= HCOO™ + H*
[H* J[HCOO™ )
[HCOOH]

~+ _[0.02)(HCOO" )
1.8x10 10.015]

& [HCOO™]=1.38x107M

HaSwa HY +HS™; Ko =107

HS™ e H* +8%7; Ky =13x107?

HCl— H* +CI™
Due to common ion effect the dissociation of H,S is
suppressed and the [H* ] in solution is due to HCI.

[H* )(HS™)
[H28]
[0.3)[HS"]
[0.1]

_7
[HS"]= l—% =33x10"%M

Ko=

Ky =

107 = [--[H* JfromHCl = 0.3]

H* |[S*
Further ,,=—[ ][_ ]
[HS™]
L3x10-13 2 [0318%"]
3.3x10°%
—13 -8
[s2-]=1:3x10 0x33.3x10 —1.43x10° 2 M

* Relative strength of weak acids = (ﬁ X g—')
a; 2

Assume C) and C, are same (Although not given)

Relative strength = J(KJ] = J(_z-lx 104)
K, 11x107°
Relative strength for HCOOH to CH3; COOH = 4.36:1
[Conjugate base]
[Acid]

Conjugate ,3><1000 =2x1000M
[Conjugate base] Tax100M 2nd[Acid]= 24T

3x1000
. pH=-log18x107° 82x100
. *10g 5 %1000
60x 100

Conjugate acid]

(b) pPOH=-log K, +1o [h

R 8 Base]
Total volume after mixing = 250+ § = 25SmL
Meg. of conjugate acid = 250x0.1 = 25
Meq. of base = 5x 0. I-OS

(Conjugate acid) = 2= 2’ and [Base] =23 255
pOH=-log 1. sxlo" +log 23/225

0.57255
pOH=6.4437 . pH=14-pOH = 7.8863

- pH=4.7851
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Anion]
H=-log K, +1 L
©p og K g +log e )
=-log 36x107* +log 235/500
. 8 025/ 500
pH=3.5898

50. Na,CO3 + HCl— NaCl+ NaHCO;

Meq. before reaction %x 1000 1501

=283 =150 0 0

Meq. after reaction 133 0 150 150

The solution contains Na; CO3 and HCO3 and thus, acts as

buffer.

co2"
. pH=-log K, +log (€03 1
[HCO3 ]
= 133 -11 133
H=-log K, +log —=—=- { —=
p g K, °g150 log 5.63x10 +log150
=10.249-0.052
pH=10.197

51. [Pyridinium chloride] = (0.15/500)x1000 =0.3 M
[Pyridine] =0.2 M
A mixture of pyridine and its salt pyridinium chloride
forms a basic buffer and therefore,

pOH = — log K 5 + log [Conjugate acid]/ [Base]

or pOH = —log 1.5x10™ +log (0.30/ 0.20)
=-log1.5+9log10+log1.5=9
[OH 1=107°
and [H*]=10" So pH=5
52, pOH=~log K} +1og&°‘"[§“%f’]"‘°—“‘]
[NH, ]
or pOH=-log Kp +logm

[NH] ]is obtained from salt (NHy4 )2 SO4

pH=9.35 pOH=14-9.35=4.65
Millimole of NH4 OH in solution = 0.2X 500=100
Let millimole of NHI added in solution=a

_ 100
(NH,OH) = 0]

a/ 500
+108 7007500

a=79.51

+q__@ .
[NH} 1= 055

4.65=~-1log 1.78x10™°

a
465= 47496+ log 70 "
Millimole of (NH, ) SO4 added =7 = -2—5 =39.755

l—%xlOOO: 39.755 .. W(NH,),S0, =5:248 ¢

83, LetV mL of 0.1 M HCOONa be mixed to 50 mL of 0.05 M
HCOOH. _
Total millimole
Total volume
0.1xV

In mixture [HCOON!] = -(715—0)

[Molarity] =

861
_50x0.05
[HCOOH] T+50 .y ,
Conjugate base
pH=-log K, +log——————[Acidl

0.1xV)/ (V +50)
= A\ Alal I8 M siid s
4.0=3.80+log 3.5/ (7 +50)
V =39.62 mL - )
54. NaCN +HCl is not a buffer but if HCl is in less mass then, it
gives a buffer as it produces HCN.

NaCN+ HCl— NaCl+HCN
Mole added 0.01 a 0 0
Mole after reaction  (0.01-a) 0 a a
This is buffer of HCN + NaCN .
Let a mole of HCI be used for this purpose
pH=-logK, +log-0;m7-—g
8.5=—log 4.1x107'% +log 2-9?

a=8.85x10" mol of HC1
55, Casel:

BOH+ HCI —BCI+H;0
Millimole before reaction @ 1.0x5=0.5 0 0
Millimole after reaction (a — 0.5) 0 05 05
- pH=10.04 pOH=—log K +log [B*] (1)
' [BOH]
0.5
=396 |.. 3.96=-logkK — (2
pOH=3.96 96=—log K +log @-c5 2)
Casell : BOH + HCI —— BCl+H;0
Millimole before reaction a 0.1x20=2
Millimole afterreaction  (a — 0.2) 0 2 2
pH=9.14 |.. pOH=-log K; +log (B") -3)
[BOH]
. pOH=486 | 4.86=—logKp+log—2— 5 @
X a—

Solving Egs. (2) and (4), K, =1.81x10™5
56. For neutralization :

Total Meq. of acid = Meq. of base = 26.6x 0.1= 2.66
Now for partial neutralization of acid

HA + BOH— BA+H,0
Meq. before reaction 2.66 1.2 0 0
Meq. after reaction 1.46 0 1.2 1.2

The resultant mixture acts as a buffer and[HA4)and [B4]
may be placed in terms of Meq. since volume of mixture is

constant.
pH=-log XK, +logw
[Acid)
or =-log K [12)
g K, +log [146)

Ko, =8219x10¢
57. For complete neutralization,
Meq. of acid = Meq. of NaOH = 36.12x 0.1= 3.612

HA + NaOH—— Nad +H,0
3612 3612 0 0
0 0 3612 612



Now 1.806 Meq. of HCI (18.06%0.1) are added to this
solution containing 3.612 Meq. of Na4,
Nad + HCl— NaCl + H4
Meq. before reaction  3.612 1,806 0 0
Meq. after reaction 1806 0 1.806 1.806

The solution has HA and Nad and thus,acts as buffer
pH=-log X, +log = 1.806

1.806
492=-log X,
Ko =12x10"%
CHCl, -COOH = cucnz .CO0™ +H*
Before dissociation 0.2 -
After dissociation 02-x) x x
CHCl; - COONa — CHCl,CO0™ +Na*
0.1 0.1

For the dissociation of acid
= 5x10°2 = [CHC1,C00™ J[H" )
[CHCI, - COOH]
. [0.1+x][x]
[0.2-x]
x=0.05 or
Inmnl pH of sohmon when,

[NH; ]— — and [NH4 Cl]

or 0.0
[H* ]=0.08

[Conjugate acid]
[Base]
0. l

pOH=-log1.8x107° +log

=-log1.8x10™ +log

pOH = 4.7447 pH= 9 2553
(i) Now 0.02 mole of HCI are added, then
HCl+NH4OH—> NH4CI+ H,0
0.02 0.1
0.08

Mole before reaction
Mole after reaction 0
: Volume = 1 litre

[NH,OH] = 225 and [NH4CI]=211—2

(0|+ooz)

_— -5 0.12
pOH; logl 8x107™ +log —= 0.08
pOH| =4.9208 .. pH;=9.0792

Change in pH = pH- pH| = 9.2553-9.0792=+0.1761
Change in pH= 0.1761 unit, Le., pH decreases

(ii) Now 0.02 mole of NaOH are added
NaOH + NH4Cl— NaCl + NH4OH

Mole before reaction  0.02 0.1 0 0.1
Mole after reaction 0 0.08 0.02 0.12
pOH; = —log 1.8x10™5 +log g‘l’g
pOH; = 4.5686 .. pHy =9.4314

Change in pH= pH-pH; =9.2553-9.4314 = -0.1761
Change in pH = 0.1761 unit, Le., pH increases

) NaOH+ CH; COOH — CH3 COONa + H;0
Millimole sdded 20x0.2 50x02

=4 =10 0 0
Millimole after reaction 0 6 4 4

61.

Numerical Chemistry

_Millimole
Total volume
(CH3COONa] = .“-

4/70
6/70

[Molarity] =
(CH; COOH] = -‘!-
pHm - log 1.8%107% +1og .70

pH = 4,5686
(2) LetV mLof0.2 M NaOH is required to make pH 4.74 then,
NaOH+ CH3 COOH— CH3COONa + H,0

Millimole sdded 0.2 % V 50%0.2
=02V =10 0 0

Millimole after reaction 0 (10-0.27) 0.2v 02v

10-0.2¢ 0.2V
[Acid) = —5=2— [Conjugate base] = <-==>

(0.27)/ (50+V
4.74-'—1081.8’(10 +l°g(TO-T2)V)(W):)T’-)

(take log 1.8x 10™° = 4,7447=4,74)

V=25mL
Case I : pH when 1 mole CH3 COONa and 1 mole HCl are
present.
CH3;COONa + HCl— CH3 COOH + NaCl
Before reaction 1 1 0 0
Affter reaction 0 0 1 1
[CH3COOH] = 1M

[H']=C-a= CJ(_) J&K, C)=

pH; =%logK,

wC=1

Case II : pH when 1 mole CH;COONa and 1 mole of
CH3 COOH;; a buffer solution
[Conjuam [Salt] = [Anion]
ase =1M
. pHy =-logK | S | :
pH2 og K g +log [Acid] [Acid]=1M
pHz =-log K,
P 1
pHy 2

62. For weak acid HA :0tyy =%0= 0.01,[HA] = 0.1M

=Co? =0.1x(0.01)* =107°
Now 0.2 M Nad, a salt of H4, is added to it resulting
buffer solution of [HA]= 0.1M and [Nad]=0.2M

pH_-loglo“"noggf
pH=5.3010
Also HA=H" +4"
1 0 0

(I-a) a a
[47 ]is provided by Nad since dissociation of HA in
presence of Nad is suppressed due to a common ion effect
K, =H147]_(C-a)x2
[HA] C(l-a)

a=5x10"3

=10"°
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63.

65.

66.

In0.2 M HCOOH [H* ]=6.4x1073

Co=64x10" . o=32x10"2
Now sodium formate is added and the dissociation will
further be suppressed and therefore, new degree of
dissociation (at; ) for HCOOH in presence of HCOONa is
so small that it may be neglected, i.e.,

+.  [HCOOH] after dissociation = [HCOOH] before
dissociation
. [HCOOH]=0.2
HCOONa == HCOO™ +Na*
Conc. before dissociation 1 0 0
Conc. after dissociation (1-0.75) 0.75 0.75

So  [HCOOH]=02.. [HCOO™]=0.75
pH=—log 2.4x10™* +log % =419

. (a) Initially [Acetic acid] = 1 M

[Acetate] =1 M
Now 0.2 mole of HC] are added to it.
HCl+CH;3;CO0™ — CH3;COOH+CI™

Mole before reaction 0.2 1 1 0
Mole after reaction 0 08 12 0.2

Now [CH3 COOH] = 1.2; [CH3CO0™ ]=0.8
pH=—log1.8x107° +log(1]—‘§=4.5686

(b) In II case initially [Acetic acid]=0.1 M
[Acetate] =0.1 M

Now 0.2 mole of HCI are added to it

HCl+CH;3;C00™ = CH3COOH+CI™
Mole of before reaction 0.2 0.1 0.1 0
Mole after reaction 0.1 0 0.2 0.1

[H* ] from free HCl=0.1= 107! . pH=1

Note : CH3;COOH no doubt gives H* but being weak acid as

well as in presence of HCl does not dissociate

appreciably and thus, H* from CH;COOH may be

neglected.

Conjugate base]
pH=-log K, +l08[——£g—'_

[Acid]
Letamol litre~! be concentration of salt, then concentration
of acid = (0.29—a)

- B 4 _ . a=009
44=-1log1.8x107 +log ©29-a)

[Salt] = 0.09 M
[Acid] = 0.29-0.09=0.20 M

[Conjugate acid]
pOH=-log K +l°g——_[§a_seT—_

a
5—4.7+logb
£=2 d=2b

a+b=06
2b+b=06
3b=06

Given

67.

69.

70.

553

or b=0.2mole or 02x17=34g/L

a=0.4mole or 04x53.5=214¢g/L

Thus, [Salt]=04 M and [Base]=02M
HCl+NH3; — NH;4Cl

mmatt=0 30 40 0
mm after reaction 0 10 30
+

[""4]
= A B K., +pKp =14)
pOH pK»p +log [NH;] (PA atPRp

= 4.7448+log -?10’ =52218

pH=14-52218=8.7782
NH, C1+ NaOH == NH4 OH+ NaCl

50x0.2  75%0.1
=10 15 0 0
25 0 75 7.5

(K4 +pKp =14)
pOH = 47448+ log %% =4.2676
pH=9.7324
Kb(x—l)

Also for conjugate acid — base pair
: —1074

= lo—lO

4
K ag XKb(x") o Kamx)=10

(HX]=[X")

(acid)  (amion) .

[Conjugate base] _ =
haa o

Now

pH=-log K, +log

pH=4
pH of buffer is given by:
[Conjugate base]
H=-logK, +log———————
A S N T
4=—10g 1.0x1075 + |og [COMIuEAIS base]
(0.5)

Casel:

[Conjugate base]
log————=-
05 :
[Conjugate base] = 0.1x0.5 =0.05 M
6=—1og1.0x1075 +log W€+M

Casell:

lOg[ConJugate base] =1
0.5
[Conjugate base] = [Salt] =10x0.5=5M

Now the two buffer [(I. Nad = 0.05M and H4 = 0.5M)
and (II. Na4 = 5M and H4 = 0.5M)] are mixed in equal
proportion.
Thus, new conc. of NaA is mixed buffer

_ 005XV +5xV _5.05

2y 2
New conc. of HA in mixed buffer = 93XV +0.5XV _ ¢ 55
pid )
Thus, pH=-10g 1.0x1075 +log [303/3)

[0.5)
pH= 5+0.7033 = 5.7033
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72.

74.

+ BOH = B4 + H,0
Wak Strong

HA+B* +OH” ==B* + 4™ +H,0
or HA+OH™ = 4~ +H,0
P )
[HA][OH™]
Also for weak acid HA: HAs=H* + 4~
(H' )[4"] 2
AT
K

F i

Kq=

By Egs. (2) and (1),

[H2CO3 ]in blood = 2M
Volume of blood = 10mL
[NaHCO;]=5M
Let volume of NaHCO3 used =¥ mL

H, CO4 ]in mixture = —-2%10_
[E2003 ) in mixtire = -2 s

(5x¥)

¥V +10)
[Conjugate base]
[Acid]

~ 5xV)/ (V +10
7.4=—log7.8x10” +'°gﬁTo))

[NaHCOj ] in mixture =

pH=pK, +log

¥ =78.36 mL
x for CH3 COOH can be derived by [H* ] =107
1072k
ST =10
Now =Co? =0.1x(1072)? =1075
Casel: CH3 COOH + NaOH— CH3; COONa +H, 0

Before addition NaOH 0.1
Afer addition of NaOH 0.1 % 0.1x %

Ca=10"2 . o=

when % acid neutralizes

[Conjugate base]
[Acid]
0.1/4
0.3/4
Case Il : CH3COOH+NaOH— CH3;COONa+H,0
After addition of NaOH 0.1x1/4 0.1x3/4
For 3/4 neutralization

pH=-log 1075 + log ——

pH=—IogK,,+log

pH=—-log1075 +log =22 - pH=4.5228

03/4

e - PH=5471

(a) In pure water :

Let solubility of AgCl be s mol litre ™!

For AgCl(s)==Ag" (ag.)+Cl (aq.)
Ky =[Ag* ][C17)=sxs

Numerical Chem;st,,' y
5= JKyp) =J(1.5x10710)

=1.224x10° mol litre ™!
(b) In 0.1 M AgNO; :
AgCl(s)?—‘Ag" +cr
AgNO3; —> As +NO3
0.1
Kgp =[Ag” ][Cl 1=(0.1+5)(s)
(- s<<< 01, presence of common ion decreases solubsility)
5(0.1)=1.5x107"°
: 5=1.5x10"7 mol litre ™!
(c) Solubility of AgCl is more in (ag.) NaCl than AgNO,

due to complex formation.
AgCl(s)+NaCl=>[AgCl,]” +Na*

AgCl(s)==Ag" +Cl" (ag.)

In saturated solution K 5, =[Ag™* J[C1™] ()
Ag® +2C1” ==[AgCl, ]

InNaCl(ag) K =[;AgC'—2]2 ... (ii)

[AgT1[CI"]
By@and(i) K, xK, = AT .. (i)
[crl
Solubility of AgCl in pure water :

» =[Ag* IC1"1=[Ag* I
[A8+]=«/Ksp =J1.0x10_l°
=107M
In0.01 MNaCl: By (iii)
[AgCl2]" =K xK g xCI”
=1x1071% x3x10*° x 0.01
=3x107'M
75. KBr+AgNO3 — AgBr+KNO;

Let amole of KBr be added into 1 litre of 0.05 M AgNO; to
bring in precipitation.

Thus,  [KBr]=2; [AgNO;]=0.05

or [Br']=a and [Ag* ]=0.05
(Ag* I[Br™]=K,,
0.05xa=5.0x10""3
a=5x10"""M = 5x107"" x120
=6.00x10~° g/1000 mL
Thus, mass of KBr needed for precipitation of AgBr from
500 mL 0.05 M are 3.0x10%g
76. Solubility (s) of AgCl =1.79% 10> g/ litre
_L719x1072
1435
=1.247%107° mol litre ™

mol litre™!
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Ky =[Ag* J[CI™)=sxs
=[1.247x1075][1.247x107% ]
K =1.55%107"" mol? litre™
71. AgBr(s)==Ag" (ag.)+Br ™ (aq.)
Ko =[Ag" )[Br)
4x1078 =[1x1075)(Br "]
[Br]= 4x10

-13
10 =4x10"" mol litre ™!

78. For saturated solution of Ag,CrQy, if solubility is s mol
litre ™! Then,

Ag2Cr04 (s) w2 248" (ag. ¢ Cr0}” (ag.)

s
Kp=(2)2(s)=4s>  [-[Ag*])=2s=15x107*
=4x(075%107%)3 55=075%x1074)
K =1.688x107"% mol® litre™

79. ForPbl,, Pbl, ==Pb%*" +20~
s 2s

where s is solubility of Pbl;

K
Kyp=4s s o2 ==L

o o 8 2
K -9
or s=d_—4;=§}4—)%—=103
: [I”]=2s=2x10"> mol/litre
Now, for Agt +1IT— Agl
Megq. of Ag* =Meq. of I
Nx10=2x10"2 x25
N or M of AgNO3 =5x107

80. CaCl; +Nap804 — CaS04 + 2NaCl
Millimole added 0.027  0.0004xV 0 0

Suppose  mL of both are mixed

2+ _002V SOZ- -
[Ca* )=—7 [SO,"]

Thus, [Ca2* ][SO3™ Jin solution <K g
2x1076 <2.4x107°
CaSO, will not precipitate.

81. For ZnS not to be precipitated from a solution of Zn 2* and
Pb 2+

0.0004V
yid

[Zn2* |[S*" 1<K of ZnS
[10723(s*" 1< 1.0x107!
or the maximum [Sz' 1= 10~"? at which ZnS will begin to
precipitate or upto this concentration, no precipitation will
occur.
HpS<= 2H' +8%
[H* 1P[s% 1= 11107

[H* (1079 ]=1.1x 1072
(H* 2 =11x107* o [HY 1=33%x107 M
Thus, if [H']=33x10"2 or slightly higher, the
precipitation of ZnS will not take place and only PbS will

precipitate.
Pb(NO3 )3 + 2HCl— PbCl2 +ZHNO;

Millimole added 100 % 0.] Ix]
=10 =] 0 0
Millimole left 9.5 0 | 05 I
5 3 mmole
Concentration in M = T
2+q_9.5+0.5
(Po™" 1= =751

Now if PbCl, is precipitated, then contribution 0.5 of
[Pb2* ]from PbCl, should be left.
To see precipitation, ionic concentration product > K ,,
Ionic conc. product 5
2+ -12 10 1 _ —6

=[Pb“" ]J[CI"] =[m Toi] =9.70x10
which is greater than K ¢, of PbCl3 and thus, precipitation
of PbCl, occurs.

[Pb2* 1= % =9.4x1072 mol litre ™!

. Let solubility of PbBry be smol litre ™!

PbBr; (s)== PbBr; (ag. )==Pb?* + 2Br~

sx 80 2sx 80
100 100
Ionisation of PbBr; (s) = 80%

Ky =[Pb?* )[Br )

8105 ___[sx 80][2sx 80]”
100 J{ 100

$=0.034 mol litre™! (- M. mass of PbBr; = 367)
s=0034x367litre ™!
s=12.48 g litre !

. K of Pb(OH);=4s® =4x(6.7x1078 )>=1.203x 1071

The buffer contains pH=8 .. pOH= 6 or [OH ]=10"%
Now left solubility of Pb(OH), be s mol litre™! in it.
Thus, [Pb** J[OH™)? =K,
[Pb2* 1[10781% =1.203x107'S
[Buﬁ'erhasp}-l =8; ..pOH=6
and [OH™ ]=10"° ]

. [Pb2*]=1203x1071S

= =1.203x10™> mol litre~*

Ky of C¢HsCOOAg =[CgHsCOO™ )[Ag* )
=25%x10"1
In pure water 52 =25x107"
5 =5x1077



In pH = 3.19 ; pOH = 10.81 or [OH™ ]=1.55x10"!!,
C¢HsCOO™ undergoes hydrolysis to form C¢Hs COOH.

CgHsCOO™ +H20#C6H5COOH+ OH™
_K. _[CHsCOOHJOH™

Ka  [cgH5C007)
[CeHsCOOH] _ K,

[C6HsCOO™] K,[OH™)
- -14

= 10 =10
6.46x107° x1.55x107!!

Ky

[Ag* ] dissolved in pH 319=[CcHsCOO™ ] left after

hydrolysis +[Cg Hs COOH] formed due to hydrolysis

=[CgH5COO™ ]+10[CsHsCOO™ = 11[C4H35 COO ]

+
[C6H5C00']=%

[Ag* J[CsHs COO™ | = [Ag* 1% ~2.5x10°13

[Ag*]=1.658x107°
1.658x 1078
5%1077

i.e., solubility is

pure water.
86. [Ca%* J[F ]* =3.45x107"!
The F~ reacts with H" (pH = 3.0) to produce HF
k. o HF]
aHF [HF]
1073 x[F™]
[HF]
- HF = 1.58x[F~]
Also the solution contains [HF]+[F~ ]=2x[CaZ* ]
or 1.58x[F™]+[F~]=2x[Ca’*]

or 6.3x1074 =

=3.316 times greater then

[F~]==2-x[CaZ* ]=0.775[Ca®* ]

2.58

Let solubility of CaF, be S mol lite™! . [Ca?*]=

- [F~]=0.775xS
Thus  S§x(0.775xS)? =3.45x107"!
§=386x10"' M

87. pH=9 - [H']=10°M or [OH ]=10"M

Now if Mg(NOs3); is present in a solution of

[OH™ ]=10"> M, then,
Product of ionic conc.
=[Mg?* JJOH™ ]2 =[0.001][107° }2
=107 lesser than K 5, of Mg(OH);
8.9%10712
Mg(OH); will not precipitate.
88. When Mg(OH); starts precipitation, then,
[Mg?* JIOH™ J* =K, of Mg(OH),

S

ie.,

91.

Numerical Chemistry
[0.1][OH" )* =1x107"!

[OH =10 M .. pOH=5
pH= 14— pOH ;. pH=14-5=9
MgCl, +2NaOH— Mg(OH); + 2NaCl
mm before reaction 10 20 0 0
0 0 10 20
Thus, 10 m mole of Mg(OH), are formed. Thg product of
[Mg2* JOH™ J* is therefore [%]x['zzo%] = sx10~

which is more than X » of Mg(OH); . Now solubility (s)of
Mg(OH); can be derived by

Ksp =453

ifK.p _i/l.ZXIO'“ _ ”
s= —4—— ——4——1.4Xlo

[OH ]=2s=2.8x107*

Na,COj3 +2AgCl = 2NaCl+ Ag,CO;3
mm added 7.5 excess 0 0
mm left (7.5-a) excess 2a a

Given [C11=29026 _ 7 3510~

35.5
- __ Millimole _ 2z
Also, conc. of C1~ formed = Vol 5

2a _ 0.0026 e e
= s ~  a=183x10"* millimole

:.mmole of Na,CO3 leftin 5 mL = 7.5-1.83x10 4= 7.5

or [co )= 7—55

Now Kypag 00, =[Ag* 1[CO27]
+12 _82x10712 _ 12
[Ag™ ] = L =546x10
[Ag*]1=234x1078

K of AgCl =[Ag* |[CI"]=234x107¢ x%

Ky =171x107"

Let solubility of AgCNS and AgBr in a solution be a and b
mol litre™! respectively.

AgCNS(s)=Ag* +CNS~

[Ion] furnished on dissolution a

AgBr(s)==Ag* +Br~
[Ton] fumnished on dissolution b b
[Ag*]=a+b; [CNS™]=a; [Br ]=b
For AgCNS K, o =[Ag* J[CNS™]
1x107'2 = (a+b)(a) (1)
For AgBr Koppn =[Ag* 1[Br]
5%10713 = (a+b)(b) «(2)
By Egs. (1) and (2),
2

or a=2
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9.

ByEq.(1),(2b+b)(26)=1x10""2 . 62 =1x10712
b=4x10"" mol litre™
By Eq. (1), (a+a/2)a)=1x10""2
- a=8.16x10"" mol litre ™
The (I” ] needed for precipitation of Ag* and Hg2* are
derived as:
For Agl : (Ag* T 1=Ky,
@11 1=85x10""7
- [T ]=8.5x1071¢ M (1)
ForHgply:  [Hg2* M) =2.5x10%
@I J? =2.5x10726
- [IM1=5%x10"" M 2
Since, [I” Jrequired for precipitation of Agl is less and thus
Ag] begins to precipitate first. Also it will continue upto
addition of [I"]=5x10"'> when Hg,I, begins to
precipitate and thus,
Maximum [I™ ] for Agl precipitation = § X103 M

Now at this concentration of I ,[Ag * ]left in solution is
[Ag* Jiea [l 1=K gppy

—17
(Ag* ea = 23210 —17x1074 M

50x10713
0.1M Ag* willbeleft=1.7x10~* M Ag* insolution
100 " " =0.17% M Ag*

% of Ag precipitated = 99.83%

The Ko values of Ag,CrO4 and AglO; reveals that
CrO2" and 103 will be precipitated on addition of AgNO3
as:

[Ag* )[103]=10"

+ 10" _,
[Ag™ Jnceded =10.005]
(Ag* G0} 1=107°

3
J!O— =3.16x107*
0.1

lo—ll

[A8+ Inceded =
Thus, AglO3 will be precipitated first.
Now, in order to precipitate AglO3 , one can show :
AgNOj; +NalO3 — AglO3 +NaNO;
0 (]

0.01 0.005
0.005 0 0.005 0.005

The left mole of AgNOjare now used to precipitate
Ag2CrO4
2AgNO; +NaCrO4— Ag2CrO4 +2NaNO;
0.005 0. 0 0

0 0.0975 0.0025 0.005

Thus, [CrO?~ ] left in solution = 0.0975

9%4.

557

s
Now, solution has AglO3 (s)+Ag 2Cr04(s)+CrOy~ ions

0.005 0.0025 0.0975
Kg,Ag2C04 _ [ 1078 -
gt 1, o KpA82004 _ [10 _32x107 M
- [Ag” D == 37~ V0.0975
4
-13
o (105 Jep = K2R 10 _32x1070 M
[Ag*]  3.2x10

500 mL of 0.4 M NaOH are mixed with 500 mL _of
Ca(OH); , a saturated solution having Ca(OH)2 solubility
assM.

For Ca(OH); = Ca?* +20H"
Kgp=sx(2) = 4s°
Then, 453 = 4.42x107°

-5
s= 3’(1‘;‘!2"7“’-—] =0.0223M

Now Ca(OH); +NaOH are mixed
Solution has CaZ?* and OH™ out of which some CaZ*
are precipitated

L. 2+ 1_ 0.0223% 500
On mixing, [Ca ]—————1000
=001115=111.5x10"* M

(OH ] = 0:0223% 2x 500 50004

+

1000 1000
(from Ca(OH); ) (from NaOH)
=0.2223M

. [Ca** J[OH™)* =K,
[Ca?* 11en[0.2223)% = 4.42x107°
-5
[Ca2* Jiea =2:42X10~ _ 59410~ mol litre™!
[0.2223)2

Mole of Ca(OH), precipitated = Mole of [Ca2*)
precipitated
=111.5x107* -8.94x10™ =102.46x107*
Mass of Ca(OH), precipitated from Ca(OH), solution
=102.46x10™ x 74 = 7582.04 X 104 g = 758.2 mg

CaSO4 = Ca?* +502"
[Ca?* )[SO2" 1=K,
2- 2 .
Let[SO,™ ]= a,just sufficient to precipitate CaSO4 from a
solution having [Ca2* = 0.005 M

For

Then, [0005][a] = 24x 1075 . gq=2:4x107°
N 0.005
_[803™1=4.8x10"3 mol litre™!
9. (a) 2NaOH + NiCl; — Ni(OH); +2NaCl
Mole before reaction 1770% 0.25 x 0.1
=0.0438 =0.025

Mole left 0.0438

0 [0.025 - 0.0438
( 025 - 20438 ) ;

0.0438



Mole of Ni(OH), formed = %;ﬁ
mass of Ni(OH), formed = "-;‘;335 x92.6=2.0279g

(b) Also for Ni(OH), solution, Ni(OH), <= Ni+20H"
[Ni** JjoH™)* =
0,025 0.0438 )
- ~14
i [OH 1* =1.6x10
[OH ]=1135x10" . pOH=594 . pH=8.06
Nete: Ni(OH), formed will be precipitated out since
maximum solubility of Ni(OH), is 1.58x 1075 M.
97. [Ag” Jin solution = [K, " =v1x107'0 =10~ p
Nowthcsoluﬁonaﬁcrmmmgwrﬁ:NaBrhas
[Ag*]= 1075 x100

200
and (Br]=100x0.03

200
+ o 10 xlm 100x0.03
Thus, [Ag* ][Br ]= [ ] [ X0 ]

200

=75x107%
The]n'odlnoflomcconcmnmonlsgmnerthanl( and
thus AgBr will be precipitated.
98. Let solubility of Mg(OH), be s mol litre ™!

Mg(OH), ==Mg?* +20H"

s Mg JoH P = Ky
45> =89x10712
$=1.305x10~*M; OH =2x1.305x107* M
- pOH=3.5832
pH=10.4168
CdSO4 + HC1+H;S—— CdS+H;S804

Millimole added 0.1 10 x 0.08
X =08
Millimole after reaction 0 08 0.1 0.1

Millimole of H' left=0.8 + 0.1 x 2=1.0
(from HCT) (from H,S0,)

Total volume = 100mL
I e
[H" )= 555 =107 M
pH=2
[(NHy ), S]=0.021M
- (s> 1=0.021M
A!eqﬁlibrhm,[lnz*][sz']—K,,,onnS
2+ _4.5]x10
YT

[Zn?* ] left in solution = 2.15x 1072 x 65g / litre

9.

=2.15x102 M

101.

102.

103.

Numen'calChemisuy
_2.15%1072 x65x12
= e/ 12mL
=1.677x10"2 g/12 mL
For buffer solution,
NH,Cl=025M and NH4OH=0.05M
[Salt]
H=—logKp +
pO og Kp los[B ]
0.25

— =]
pOH=—log 18x10 +logoos

[OH ]=3.6x10°M
Now AI(OH); and Mg(OH), are stirred vigorously in it,
[AI** JJOH™ ] =K, of Al[OH];
[AI** 1[3.6x107°)? = 6x10732
- [AP* ]=128x107"5 M
Also [Mg?* J[OH™ J? =K, Mg(OH),
[Mg?* 13.6x1075)% = s.9><1o"2
[Mg?* 1= 0.686 M
The minimum [OH ™ ]at which there will be no precipitation
of Mg(OH); can be obtained by
=[Mg** JJOH ?
90x107'2 =[005][0H 2
[OH 1=134x1075 M
Thus, a solution having [OH ]=134x10~> M will not
show precipitation of Mg(OH), in 0.05 M Mg 2* solution.
These hydroxyl ions are to be derived by a buffer of NH,Cl
and NH,OH ie.,
NH;OH==NH, +OH"
NH,Cl — NH}, +C1
[NH; J[OH")

[NH4OH]
InpmmccolehCl;nllthe[NH:]mpmvidedb)'
NH,Cl since common ion effect decreases dissociation of
NH4OH.

1.8x1075 =

FOTN!‘[‘OH Kb =

(NH} )[1.34x107%)
[0.05]
[NH 1=0.067M or [NH,Cl]=0.067 M
Maximum solubility of CaSO, in water

5=JKg =3x10" mol litre™

LetV litre of sample is taken, then CaSO, present

_ 131xrx107
108
[-ppm=gof CaSO, in 10® g of sample]

23 .
=l3lx|0'3Vg=nl_x:3°6_xV.mleinV|mv
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if water is evaporated on heating so that just deposition of
CaS0Oy4 occurs. Let V) litre of water is left, then

-3
-lllﬁoe—ﬂ mole are present in /] litre solution are equal

to 3% 10> x¥; mole.

-3
W:sxw’ XV " V=032V
Thus, volume evaporated =¥ - 0.32V = 0.68 V or 68% of
water should be evaporated.

104. Suppose? mL of solution contains 0.1 M Mg 2+ and 0.8 M
NH4Cl

Now V mL of ‘ @’ molarity NH; is added which just gives
precipitate of Mg (OH); , then

[Mg** J[OH™ )% =K, Mg(OH),
[ﬂ][mr 1 =14x10M!

2V
Mg 2+ 1= _Millimole )
([ g] Total volume

[OH ]1=1.67x10"° M
Now if the [OH™ ]=1.67x107%, on addition of NH3 in

NH4Cl,then Mg (OH), will precipitate. For buffer solution
of NH3 and NH4CL

— Mog{OH" ] =~ log K3 +log TNEACH

[NH;3]
(0.8xV)/2v

-5 _ _ -5
—log1.67x107> =—-1log 1.8x10 +l°8——(axV)/2V

a=0.7421M
[NH; ]in solution = M“ZZ‘}—"V =03710M

’ 2 2-q_ -5
105. [Ca®* )[sO; ™ ]1=24x10 :
2 2-1_ ~
[Sr** (80, ]1="7.6x10
2+
571 _p03167
[Ca?*]
Tnitial conc. of SO~ = “’_;(?—3 =0.1M
Initial conc. of Sr2* = Initial conc. of Ca LA
= 0.1x20 _ 9. 0667M
30
Let final conc. of Ca2* = X, = [Sr2*]=0.03167X )
: +
Change in conc. of SOE' = change in conc. of Ca

and Sr2*
' = 0.0667- X +0.0667—0.03167.X

=0.1334—1.03167X
Final [SO2~ ] = 0.1-[0.1334-1.03167X]
[Using [Ca?* J[SO2™ 1=Ky, at equilibrium]
-5
X -[01-(0.1334-1.03167 X )] = 2.4x10
1.03167X2 —0.0334 X =2.4x107°

X=33x102M or [Cuz‘]-3.3xlo"ll_l‘
(Sr?* 1= 1.08x107° M .. (SO )=7.47%10" M

2
- i -10
106. K,, of CaCO3 -(l"l_"l—] =49x10

When only Ba2* is 90% precipitated then only CoC’Og
starts precipitation then if solution contains a mol litre™" of
Ca?* and Ba?t each,

2 2-12 -10
[Ca®*][CO3™1=49x10 |
2-1_49%107
[C0}" )= —
Now for BaCO3; scig®
2 2-._axl0 x
K, =[Ba "][COJ J= 100 * a
=4.9x107"°

107. (a) For Mg(OH); +2NH}; ==2NH3 +2H,0+Mg?*
_[NH3 (Mg ] _ [NH,OH)*[Mg?* ]

¢))
[NH] 12 (NH 1
Also NH4OH==NHj +OH~
_ [NH} J[OH"] @
b~ T[NH,OH]
Kc xK} =[Mg?* JJOH™ }* =K, of Mg(OH);
K —12
Kc==2=—8x10 ___;85x107
KZ  (1.8x107)
(b) Letamol litre™! of Mg(OH); be dissolved in presence
of 0.5 M NH,4Cl
Mg(OH),+2NH} === 2NH3+2H,0+Mg2*
Mole before reaction 0.5 1] 0
Mole after reaction (0.5-2a) 2a a
2
Bie ax(2a)
0.5-2a)?
3
185x1072 = 4a” 3
(0.5-2a)? =)
Solving cubic equation,
: a=0.081M

Note : F.q (3) is cubic equation and its solution is not included
in our subject. However if 22 is neglected in
comparison to 0.5, then ‘a’ comes equal to 0.1049 M.

108. Ag>C03 +KC204 == Ag2C;04 +K,CO4

Mole before reaction excess 0.1520
Mole at equilibrium (0.1520 - 0.0358) 0.0358 0.0358
=0.1162
At equilibrium,
2-4_ 0.1162 2-,_ 0.0358
(00" o0y 1==05"
=0.2324M; =0.0716 M



109.

110.

2
- [Ag*1[C;0" )= [M] [%5-5"’—0] =623x10"

0.5
Thus, [Ag*12[C2027]> K, of Ag5C;04
(1.29%x10711)

Ag 7 C,04 will precipitate out.
Ag,COj is solid and Ag ;C; 04 is almost precipitated
out. For Ag,C;04 precipitation,

+12 2-q_
[Ag” 1[C2047 1= Kppg 0,
[Ag* 17[0.2324)=1.29x 107!

[Ag* ]2 = —1'23_’2‘;34” =5.55x107!!
Now for Ag,CO3
Ky =[Ag* 17[COZ)=[5.55x1071110.0716]
=3.97x10""2 mol? litre3
Let solubility of AgCN be a mol litre™!
AgCN=Ag* +CN~

a a (After reaction)

However the CN~ formed will react with H* to form HCN
CN~ + H'— HCN

a 1073 (Before reaction)
0 1072 a (After reaction)
(buffer)

[Ag*]=a and [HCN]=a
Since HCN is weak acid and has low degree of dissociation.
Also its dissociation is suppressed in presence of [H ].
Thus

Now HCN=H" +CN~
[CN'][H"]=K
(e ’ 10
or [CN_]=K,,[HCN]___ax(4.8x10 )

H*] 1073
Now for AgCN(s)+agq.==Ag* +CN~
Ky =[Ag* JICN]
- axax4.8x 10710
1073
& =ML><"§£
48x10™
a=1.58x10"% mol litre ™!
AgCl+2NH; == Ag(NH3 ); +CI~

AgCl(s)==Ag* +CI”

1.2x107'6

Ky =[Ag* J[CI7] (1)
Given Ag* +2NH3; = Ag(NH;);
+
_ [Ag(NH3); ] i

7 [ag* 1INH; 2

111.

112.

113.

Numerical Chemistry
[Ag(NH;3 )} J[CI]

By Egs. (1)and (2), Kyp XK g = ———~=— =

vEa T

or 110710 x 1.6x 107 =X
[NH;]

Given  solubility of AgCl=0.1M

a=0.1M for Ag(NH3 ); and CI~
(NH; )2 = QIXOL _625 . (NH;)=25M
1.6x10~

Also 0.2M NH3 is needed to dissolve 0.1 M Ag* ions, thus
[NH; ]=2.5%x+02=27M
[Ag(CN)2 ]~ =Ag* +2CN”
+ - 12
x = [A8"JICN 3 —4x107"
[Ag(CN)2]

KpAgCl=[Ag* ][CI”]=28x107" 2)

-19 _x-4x2
By Eq. (1) 4x10 =005

x=[Ag*]=1.70x10"7
[Ag* J[C1™1=1.70x1077 x 0.02=3.41x107 > K,
Thus, precipitation of AgCl will take place.
Ag(NH3 )] (ag.)==Ag" (aq.)+2NHj (aq.);
a+b 2a
Ko = NH3'[Ag* ]
c=
[Ag(NH;3 )} ]

AgCI(s) = Ag* (ag.)+CI" (ag.);
a+b b

Ko =[Agh][C17] (2
In case of simultaneous solubility Ag™* - remains same in
solution.
Given [NH;3]=2a=1M; also [Ag(NH; )‘2‘ 1=[CI"]=b
because Ag* obtained from AgCl passes in [Ag(NH3 ); ]
state.
Thus, by Egs. (1) and (2)

)

Ke . NP1
Ko [C7)(Ag(NH; )} ] 52
-10
or p2 = 18X107 " _ 9951072
62x1078
. b=0539x10"" = 0.0539
or [Ag(NH; )} 1=0.0539
Agt + HCN — AgCN + H*
0.02xV 0.02xV 0 0
2V 2V
0 0 001 001 . [H']=107
AgCN==Ag* +CN~

o Kgp =22x10716 = [Ag* JICN']
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114.

115.

HON==H' +CN~ goK, =62x 10710 = [ JICN]
[HCN]
Now, soluble CN™ formed will hydrolyse as
CN™ +H,O=HCN+OH™

[Ag* ]of soluble AgCN =CN" left after hydrolysis +

HCN formed after hydrolysis.
2.2x 10"6] -[on- 1+ TN )
[CNT) 6.2x10710
o1+ 107N [m w]
6.2x10710 6.2x10710
or [ONT? = 22x10 % 62x10710

1072
[CN™]1=3.7x10712

Ky _22x10716

[Ag*)=—F_=22X10 __ _596x1075 M
[CN"] 3.7x10712
Given,  Agl(s)=>Ag* (ag.)+I (aq.);
Ky =[Agh 17 ]=12x10"" (1)
Ag” (ag.)+2CN™ (gg )<= [Ag(CN)2 ™ (ag.);
=AMl 7000 L
[Ag™ J[CN7]

Let x mole of Agl be dissolved in CN™ solution then,

Now, Agl(s)+2CN~ = [Ag(CN)2 ] +I”
Mole before reaction 1 0 0
Mole after reaction (1-2x) x x

By Eqs. (1) and (2), Keg. =K5p XK 1

i =w =12x10"7 x7.1x10"°

[CNT]
Ko =8.52x10> ¥ ..(3)
2
K, =852x102=—%X%X =_%
“ (-2 (1-20)?
X =292

or T—2x
Thus, x=29.2-58.4x or x=0.49 mol
For Ag2SO4 ==2Ag* +502~

2s s
K 4x107° _ -2
Ky =4s% or s=3/_4£=3/u><4___1.52x10 M

For  PbCrOs < PB?* +CrO2
Kp=sl ors=Kgp =v2.8x1073 =529x107"M

In solution, conc. of each ion can be given as :

o 25100 _ 2x1.52X100 _ o gcos 1072 41
2-1_ $x100 _ 1.52x102 X100 _ g 43 10~
180, 1=%550 350

561

_ 51 X250 _ 5.29%1077 X250 _ 3 785 10”7

2+
Po™ =555~ = 350
2-1_S1%X250 _ 5291077 X250 _ 3 751077
[CrOy =555 = 350
It is thus evident that

[Ag* J2[CrOZ ]= (0869 102)% x(378x1077)
=2.85x107"" > K, Ag,CrO4
The product is greater than Ko, of Ag2CrO4 and thus
Ag,CrO4 will ppt.
Na, CO; + CaF, (s)— CaCOj3 +2NaF

Mole taken 2 0 0
Mole left (2-a) a 2a
where ais very-very small and thus assume that CaCO3 is in
soluble form
Now, K, of CaCOj =x=[Ca’*][CO}"]

24q_X
(ca®]=3

116.

Also [CO ]=2-a+a=2 ..

CaF, == Ca?* +2F~
y 2y
Koo, =[Ca% FT )
Koo, =[2120) =4)°
Further for [F~ ], we can have
[F"]=[F )from CaF; +[F" ] from NaF

For

K-Wc-r;
[Ca?*]

— 4y3 _ 8y3
Fl= 7 =%

For Pbl; saturated solution,
Pbl, ==Pb2* + 21

s 2s

[F]=

+ Negligible value

117.

K,p =45

K -
or s=§f_;7’.=3”7-1+"’]=1.21x10‘3u

[I” Jin solution = 2x 1.21x10™> M = 2.42x 103 M
Now, if AgNO3 is used to neutralise these I~ jons
Then, Meq. of AgNO; =Meq. of I
13.3xN =2.42x1073 x 25
Nagno, =4.55x107% = M pgn0,
For  AgNO3 normality = molarity
118. Meq. of C;03™ = Meq. of KMnOj4
=0.00102x6.3x 5(Mn"* +Se— Mn2* )=0.032

. Molarity of C, 02" = Meq.
i P e ey

= 0.032 - -5 3+
OF §=2ixaM=64x10° M (C)F > 2c* +2)




K,p of CaCy04 = 5% = (6.4x107 )?

=4.09%10~°
119. Initial (Sr2* 1=16x1072 M
Left (Sr?* 1=2.5%107 M

& [Sr?* |precipitated = (16-2.5)x 1072 =13.5x 107> M
& [F~ ]needed for this precipitation = 2x13.5x 10~ M

=27.0x102 M

(St +2F" — StRy )

Also (Sr2* ) )? =Ky, =28x107°

-9
(F ]2 = 28x10
2.5%107

[F"]1=1.058x10"> M, i.e., the concentration of F

which will also appear in solution state.
Thus, [F~ Ineeded =[27.0+1.058)x 107> M
=28.058x 10> M
NaF needed for 1 litre = 28.058x 10~ x 42g

-3
NaF needed for 100 mL = 28.038x10_ x42,

=0.1178g
MBr; (g ) == MBr; (ag.)— M** +2Br~
MBr; +Hy S— MS+2HBr
Ky of MS=[M?*][s7")
6x1072! =[0.05])[S*" ]
(s ]=12x10""M

120. Given,

Thus, MS will be precipitated if Hy S provides 1.2x107'% M

jons of $2°. ,
Now for H;S  HpS+=22H" +8*°
[H 1*[s*7)
Ky xKy =212
102 T H, 8] ,
2 -1
5 _13 _[HT)[1.2x1077]
107" x1.3x10 ———————[0.]]
[H*]=1.04x10"" and pH=0.9826
121 HpS+=2H* +872
NaCN— Na* +CN~
02 0 0
0 0.2 0.2

Also Ag(CN); ==Ag* +2CN~
x[ATNON1 _[Ag*1x(02) _ 0 (020
[Ag(CN), ] e
[Ag*]1=5x10"2' M
For CA(CN)}™ e Cd?* + 4CON”
x < 1Ca™ JeN- 1t
[Cd(CN) 1>

122

123.

124.

128.

Numerical Chemistry

24 4
-18 _ [Cd“" ]1x(0.2)
7.8x10 00
(cd?* 1=9.75x107"7
Now, [Ag* )% x[8¥"]=1.0x107%
[S2~ Jneeded to precipitate Ag,§=10x10%
(5x10721)2
=4x107"° %
s 7.1x10”
2- 1 needed to precipitate CdS = ="
I i 9.75x107"7
=7.28x10""2 M
Therefore, CdS will be precipitated first.
For indicator dissociation equilibrium; being an acid
Hin = H* + In”

Colour A Colour B
_[H"][In"]
K = [Hin]

The midpoint of the colour range of an indicator Hin is the
point at which [In~ ]=[HIn].
: Kin =[H" ]=1x1073
; (H*]=1x10"5 or pH=5
Thus, at pH = 5 of the solution, the indicator will change
its colour.
Again K = %
_ [H" 1x80x100
100x 20
[H'1=025x107° . pH=5.6020

The two conditions when colour of indicator will be visible
are derived by

1x107%

pH=pK, +log (In_]

[Hin]
0] pH=5+log10=6
(ii) pH=5+log0.1=4

Thus, minimum change in pH=2
HBPh ==H"* +BPh~

K =%. when BPh™ = HBPh, indicator will
work. Thus
[H*]=584x10"5 . pH=42336
Alsoif  pH=484 or  [H']=144x10" then
+ - =
K, =—[H[£;:l; 1 o s8ax107 =——“-“C’,‘( :g:)-a:
a=08 or 80%
NaOCN+H;O === NaOH+HCN

'I=J(—K—”_)=J(—-K“ ):J lo-l‘
c KJC 3.33x107* x0.003
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h=107*

° is=10"4 -2

% hydrolysis = 10~ x100=10
pKg for HCN=14-4.70=9.30
NaCN+H; O+ NaOH+HCN

1 0 0
1-h

Aok
[OH"]=C-h=C ’(KT”')=JKH_C= (K"(,-C)

or P0H=‘;[PKw—logC—pK¢]

126.

= J[14+03010-9.30]=2.5

pH=14-25=115

127. NH,4Cl+ H0 5= NH, OH+HCl

Before hydrolysis 1 0 o
After hydrolysis (-h) K A
where h is degree of hydrolysis

h= (K_”) = KW
c K5-C
—14
=J'°‘_s =527x107%
1.8x1075 x0.2

From HC, a strong acid

[H*]=C-h=C’ Xe ) &7 0= ’(’;—:c)

—14
(-—-"’ 0. 2] =1.054x107
1.8x107

pH=—log[H" ]=-log 1.054x10™° = 49771
Let conc. of NH4Cl be C mol litre ™!
NH,4Cl+H;O===NH,OH+HCI
Before hydrolysis 1
Aflerbydrolysis  (1- k)
104 xc

(FoC) = Kw
(H1=JKn -O) 1.8x107°

—14

10745 = (!P—X—C] 5 C=1.8mol litre™
1.8x1073

- Mass of NH,4Cl = 1.8x 53.5g / litre™

=l.8x53.5x%g/500ml. = 48.15¢g
129. (a) NaBu+H20#NaOH+BuH

Conc. before hydrolysis 1 o
Conc. afier hydrolysis 1-h

«[OH ]=C-h=C- ’K” =J&r O)= ’ "c
[OH- ]_ x0 2 ‘ho-lo l.—s
2%
pOH=5

Also pH+pOH = 14
®) (Ams: 8)

. pH=14-5=9

131.

132.

134.

€3
Asc” +H;Ow=2 HAsc+ OH~

[0H']=C-h=CJ(K?—_”_j=JK—yEs 'ﬁ:—:CJ

_ (10'" xo,ozjzuw—‘

5x107°
H* )= 1x107* X107 _gx10~°
2x107%

=)

14
= (-—1——)=1r‘ o 081%
5x107° x002
Let¥ mL of acid and ¥ mL of NaOH be used. Coac. of boda
acidandNi)Haumt_
CH3 COOH+ NaOH — CH3;COONz + H, O

< 0.1x¥V Qix¥
Conc. before reaction =T il T o ®
Conc. afier reaction [ (] L1x¥

2r bl

[Cn,ooorm:%! =005 M

Now calculate pH by hydrolysis of CH3; COONa
CH3 OOONa + H, O== CH; COOH+ NaOH

[OH 1=C-h= cﬁ‘" ﬂ‘ »xC

—14
10 x0.05) =Sl
19x10°°

pOH=529
8975)
Ca (LaC); +2H;0+=>Ca (OH), + MLaC

or 2AaC +H,0=220H +MHlaC
Before hydrolysis 1 ° ®
Aferhydrolysis  (1- &) & .

(CaLaCy )= S22 =026
[LaC™ J=026x2=0.520
** 1 mole Ca(LaC); gives 2 moles (La0)
[OH )=C-A=C Kn

C
= &g C)= ﬂ%}

whutChmofmioan-hmm
-se0 _ ffi0™
10 = —K:*m] = K =mx”"

A ﬁ =87
[Ams :

Now

K3PO4 +HO =K, HPO, + KOH
or PO;™ +HyO=2 HPO]™ +OH™
Since hydrolysis proceeds only in | sicp



o))

K , is 11 dissociation constant of acid H3 PO4
HiPO4 ==H' +H,P0; K,
HPO; ==H' +HPOZ™ K,

HPOi" =H" +POi' K3y =K, =13x10""2

1074 x0.1
[OH™ ]= (——— . pOH=1.5634
1.3x10712 e
: pH=12.4366
135.  Fe’* +H,O=Fe(OH)** +H*; Ky =6.5%x107
(- h) h h
[H* 1=Ch
2
and Ky =Ch” =3
By ™
Thus, 6‘5><l0-3=Cx5><5><100
100% 100 95
C=247TM .. [H')= 247XW0 - pH=0.9083

136.  Zn?* +H,0== [Zn(OH)]* +H' Ky =1.0x107°
[H'1=C-h=C (KT")=,/(K”-C)
=10 x0.001=10" . pH=6

137, - Aniline* +Acetate " +H; O <= Aniline +Acetic acid
Before 1 1 0 0
hydrolysis
After 1-h 1-h h h
hydrolysis

Let concentration of salt be C mol litre
[Amhnc] [Acetic acid] _ C-h-C-h

[Aniline]* [Acetate]” T C-(1-h)-C-(1-h)

-1

2
Ky=—" n =&

(1-h)? 1~
K ( e )= ( 1.008x 1074 )
1-h \\KqKp 1.75% 1075 x3.83x107'7

o W h=54.95%

Note: If Ky = h? is used assuming 1-/ =~ 1 the value of h
comes greater than | which is not possible and thus, itis
always advised in all such cases, not to assume 1— h=1
when  values are higher. Also the term dissociation
constant of water is used here for ionic product of
water. See the value.

138. The pH of salt HCOONH, (a salt of weak acid + weak base)
is given by :
HCOONH, + H, O=—>HCOOH+NH4OH
pH =%[log Kp—-logKq -logKy]

pH=2(PKq +PKy ~PK5)

Numerical Chemistry

H--[38+l4 -48]=6.5

139. (a) NaOH+CH3COOH——-’ CH;3;COONa +H,0
mM before 50 x 0.1 50 x 0.05
reaction =5 =25 0 0
mM after 25 0 2.5 25
reaction
Strong alkali is left free and thus, it will decide pH of
solution. s
Z25 _25x1072
[NaOH] = 100 25x107°M

[OH ]=2.5x1072M
pH=12.3979
(b) NaOH+ CH3 COOH— CH3; COONa + H,0

pOH =1.6021

mM before 50 x 0.05 50x0.1
reaction =25 =25 0 0
mM after 0 25 25 25

reaction
The solution consists CH3 COOH and CH3COONa and
thus, is a buffer

[CH3 COONa)
H=-logK, +log~————
pri=—108 Ra +108 " [CH COOH]
2.5 2.5
CH3; COOH] = == M; ==
[CH;COOH] = 155 [CH3 COONa] =M
pH=—10g 1.8x1075 +log gg; }gg - pH=4.7447
© NaOH+ CH; COOH——> CH3COONa +H,0
mM before 50 x 0.1 50x 0.1
reaction =5 =5 0 0
mM after 0 0 5 3
reaction

CH;COONa is left with concentration = TZT)M and
thus, pH is decided by salt hydrolysis

CH3;COONa+H,0+ CH3COOH+NaOH
Before hydrolysis \
After hydrolysis

[OH"]=Ch= c’K(_{’ =fK -C

( 10714
—_— X
1.8x107° 100)

=527x10°M

pH=8.7218
() NH4OH+HCl—s NH4Cl1+H20
mM before reaction 50x 0.1 50x0.05 e ’

=5 =25 0 0
mM after reaction 25 0 25 25
The solution contains NH4 OH and NH4 Cl and thus, acts 85
buffer
Thus, p0H=—logKb+log———-[ 12

[NH4OH]
NH =3 01 (N OH] = 22

POH= - log 1.8x10™ + log 23/ 1%
g 1.8x10 +10325“00
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pOH=4.7447 . pH=9.2553
(e) NH4OH+ HCl— NH,4Cl+ H,0
mM before reaction 50 X 0,05 50 x 0.1
=25 =5 0 0
mM after reaction 0 25 25 25

Strong acid is left and therefore, pH is decided by HCI.
[HCI)=[H* = 1% M .. pH=1.6021

® NH4OH+HCl— NH,4Cl+H,0
mM before reaction 50x0.1 50%0.1
=5 =5
mM after reaction 0 0 5 5
Salt is left and thus, pH will be decided by salt
hydrolysis.

NH4Cl] = - = 5x 102
[NH4Cl1] 106 5107 M

Since NH4Cl is salt of strong acid and weak base and
therefore,

pH=%[log Kp-logC-logK,]
=%[]og 1.8x1075 —log 51072 —log 1x10714]

pH=5.2782
(3] NH,4OH+ CH; COOH— CH3COONH, +H,0

mM before 50 x 0.05 50 x 0.05
reaction =25 =25 0 0
mM after 0 0 25 25
reaction

Salt is left and thus, pH will be decided by salt
hydrolysis.

[CH3COONH4 )= % =25x102 M
Now CH3; COONH4 +H; O+ CH3COOH+NH4O0H
Before hydrolysis 1 0 0
After hydrolysis (1-h) h h
CH;3;COOH=Ch

Now for dissociation of CH3 COOH
CH3; COOH==CH3C00™ + H*
_[CH3CO0™ J(H"]
4~ [CH3;COOH]
o is small and thus, [CH3 COOH] = Ch
Also [CH3COO™ ] is provided from CHj3 COONHy left
unhydrolysed in solution, i.e.,[CH3 CO0™1=C(1-h)
_Cc(-h)H"]
- Ch

Ka h<<1

or [H+]___hKa 1-h=1

) (Kf‘;n,)““ =\[(?_1‘;_g

pH=+%[logKb—lOng"|°$Ka]

[pKw +PKa—PKb]

%[Iog 1.8x10°5 —log 10™"4-10g 1.8x107°]

pH=17
140. We have from Raoult’s law
P°-P, _ wxM
Py mxW
w_ _17.540-17.536 _ | 56710~
mxW  17.536x18
v W i ~5
. Molality =—2-7x1000= 1.267x107% x10°
=1.267x10~2 = Molarity = Conc. of [BOH]
For BOH+B8" +OH~
1 0 0

(1-a) a o

Molarity is also given as 1x 107
Exp. value of molarity

Normal value of molarity
-2
LZM_ =1+0 ..
1x1072
_ Ca® _0.01x0.267x0.267 _ g 74,10~
Now, Ko ={i-wy~" (1-0267)

141. HA=H"'+4"
1 0o 0
1-a a a

nV=nST(1+a) or l+a=
0.293

=1+0

a=0.267

axV

nxSxT
0293 n_
0.01x0.0821x 298 (V 0'01)
a=1.197-1=0.197

Co? _ 0.01x(0.197)%
K, forHA = = = —4
a -0 (=0jo7) ~ 0=

Similarly, K, for HB = 2.85x10~3
142. (i) Zn(OH);(s)==>Zn*" +20H" K=[Zn2* J[OH ]2
(ii) Zn(OH); (5s)+20H™ == [Zn(OH)4 >
K, = Za(OM) 1>
[oH™ )
Let the solubility be s in change (i) and thus solubility will
also be s in change (ii) By coupling (i) and (ii),
2Zn(OH)y (s) == Zn** (ag.)+[Zn(OH)4 1* (aq.)
Kop XK =sxs
or s= Koy xK; =V12x1077 x0.12=12x10~ M
Thus total solubility, will be 2s = 2x 1.2 10~°
=24x10"°M
This solubility is minimum when [Zn2* |[OH" |2
=12x10""7
12x107°[0H" 2 =1.2x107!7
[OH ]1=10"4 M
Note : If only I change than solubility of

1.2x1077
d 20 - 144x10%m

l+a=

Zn(OH); = d%’a =



143.

and at this conc. [OH™ 1= 2x 144 x 10 M= 2.88x10~* M
(a) N204 = 2N02

Let a mole of N;O4 and b mole of NO, were present in
equilibrium mlxture
+0)=2Y _ 753% 0.5
(@+B)= BT = 760% 0.0821x 298
=0.020

_mo? [ p
(nN0,) | [no, +1N,0,]

2
0a13=b" 753
a |760x(a+b)

(1)

b2
a(a+b)
By Egs. (i) and (ii)

2
”7 =0.114x0.020=2.3x 10"

=0.114 (i)

(i)
b2 =23x1022=2.3x10"2 x(0.02-b)

or b%+0.0023b-4.6x107° =0

0.0023++/(0.0023)? +4x4.6x10° x1

b=-

2x1
_ —0.0023+v1.90x10~*
2
b=5.73%10"3
ByEq.(i) a=0014
(b) 2NO; (ag. )+ 2H, O(/)—> HNO; (aq.)+H30" (ag.)
+NO3 (ag.)
Total NO, mole = 5.73x 107> +2x moles of NyO4
from NO,
=573x107> +2x0.014
=0.0337
2NO, (ag. )+ 2H,0(/) » HNO,+ H30™ (ag.) +NOj (aq))
0.0337 0 0 0
0 0.0337 0.0337 0.0337
2 2 2

- 0.0337x 1000 =0.0674M:
[HNO, )= == 250 ’ ’

(H* 1= 003371000 _ o 0674 ¢
2x250

Due to common ion effect (H3O* fumished by HNO;), the
dissociation of HNO; is suppressed.

K = [H* )[NO3 ] _ 0.0674x[NO;3 ]

9~ "[HNO,) 0.0674
[NO3 ]=4.5x107*
Also pH=-log{H* )= -log 0.0674 =1.17
(©) % = C.S. T.x(No. of particles present in solution)
=0.0674x0.0821x 298x 3
(ZNO, furnishes three particles)

=4.5%x107*

=4.95atm

144.

145.

146.

Numerical Chemistry

(d) Eq. of CaO required = Eq, of HNO; +Eq. of HNO,
00337,(,,(00233“l =

* Mole of CaO required = 0-02337 - s_vz = 0.02337

WCa0 = 0924 g
CH3CO0H+NI +CN~ = CH3C00™ +Na* +HCN
_[CHy COO™ ][HCN] 0
¥ [CH;COOH][CN")
For CH3 COOH and HCN in same solution
[CH3;COO™ J[H' ]

K= [CH, COOH] (1))
x, <[CNIH"] i)
[HCN]
By Egs. (ii) and (iii)
_Ki _18x107° _ 4 crav104
9Ky 49x1071°
NaX +H; O—> No hydrolysis because pH=7.0
NaY + H,O0—> NaOH+HY pH=9.0
NaZ+H;0—> NaOH+HZ pH=11.0
Thus acidic character order for acids is : HX > HY > HZ
AlsoforNaY: [OH ]=10"° -+ pH=9 . pOH=5
Ch=10"°
C- ’K_” =10~ or ,M =103
K,
-14
10_xo0.1_ ~ X01_10710 . K, forHY =10~
a
Similarly, K, forHZ=10"°

The conjugate base (here HCgH40j ) of polybasic acid
(here H;CgH4 04 ), is amphioprotic and can act as either an
acid or a base because it can donate its remaining acidic
hydrogen atom or accept an acidic hydrogen atom and

revert to the original acid.
Acid :
HCgH, 07 (ag. )+ Hy O(/)==H; 0" +CgH,0>";
anz =54
k. - [H:0" ICsH,07") ;
oS —— 4 ()
[HCgH403)
Hydrolysis :
HCgHq 03 (ag. )+ HyO(/) += H,CgH4O4 +OH
PKH = ”06
_ [HaCgH404][OH ] (i)
[HC3H4054]
Also for H;CgH,404
H;CgH404 == H* + HCgH4 O}
. = [H' JIHCyH,07] i)
' [H2CgH404)
By Eqgs. (ii) and (iii)
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Ky xK, =[H'][OH ]=K,, w(iv)
Assuming HCg H4 O3 having low degree of dissociation as
well as low degree of hydrolysis, acidic nature of
HCgH4O4 and hydrolysis of HCgH407 producing
Cg mof‘ and H, CgHgOy4 of almost equal conc.

[H2CgHq04]=[CgH40]") V)
From Egs. (i), (ii) and (v) X2 - [OH"] (vi)
Ka,  [H)
Also K, =[H" J[OH] (Vi)
By Egs. (vi) and (vii)
K, = w ....(viii)
By Eqs. (iv) and (viii) K y XK 5, = [L};."ﬂ
a

or [l—l"’]2=l(..,xl(.,2 or [HY1=JK, XK,
PH=—;[PKa| +pKg, ]
-;[2.94+5.44]=4.19

Note: 1. The pH is independent of salt concentration in case of
acidic salt solution.
2. All polyprotic acids (except H,SO4) are weak acids

and the relation pH = —;[pK a, + PK 4,1 holds good.

3. The relation pH= -%[pl(al +pK 4, ]is derived by using
reasonable assumptions and doing some intricate
algebra. The assumptions include that if pK g, is high
HA ™ is weak acid, the solution will have high pH. If
pK,, islarge HA™ is likely to act as ‘strong’ weak base.
Thus, if both pK 5, and pK 4, are large, pH will be high.

147. [H* ] formed due to electrolyte oxidation = 4 mmoles

NﬂzHPO4 +N83P04
Initial mm 0.08 x 100 0.02; 100
=8

[H* ] will be used by PO}~ to give HyPO}
PO}™ + 2H" — HyPO;

2 4 0
0 0 2
Thus, a new buffer containing Na,HPO4 (8 mm) and

H,POj; (2mm)will remain in solution

148.

149.

~pH= pK"u;poz +log

[H2PO%]

[NagHPO41 _ 55 10g % =17.81

CH; COOH+NaOH — CH3 COONa +H;0
1

at 1/3 neutralisation % 3

- 1
[Conjugate base] =[CH3 CO0™ )= 3
[Acid] =[CH3 COOH] = %

1/3
pH, =-log K, +log-2—/§=—logK,, —~log2

at 2/3 neutralisation [conjugate base]-= %

[Acid] = %

2/3
pH, =-log K, +l~°g_]ﬁ

=—logK, +log2
ApH=pH| —-pH; = log%—log2
=-2log2
3

An(HX)=% Ay (HY)=x Also a=?\—'(’)'. Let o

and o be degree of dissociation of 0,01 M HX and 0.1 AS

HY

.o _ A (HX)/AS (HX) _ (x/10)/ A%, (HX)
@2 A, (HY)/AY (HY)

1
x/ A% (HY) 10

HX —= H"  + X~
0.01 - -
0.01(1-a,) 0.01a, 0.01 ¢,
Kq = 0.01af (o <<<])

HY = H* + Y
0.1 = =
0.1(1-ay) 0.10; 0.1a,
Koy =01a2 (v ap<<1)

K,

2 2
ﬁ_().Olal_lal __lx(l)z_ 1

0.1(1: 10 ag 107°\10 1000
log Kq) ~log K 4, =3
PKal-PKaz=3



Numerical Chemistry

o

10.

11.

12.

13.

14.

15.

16.

. 500 mL of HCI of pH 4.3010 is allowed to react with 500

mL of pH 9.6990 NaOH solution at 300 K. If temperature
mms constant, approximate pH of resulting solution
is....

. 300 mL of 5 x10~2 M HCl is allowed to react with 200

mL of 5x10™% M NaOH at 300 K. The pH of resulting
solution at 300 K is......

500 mL of 0.01 M CH3COOH +500mL of 0.02 M
CH3COONa gives a pH equal to 5.3010. The pK; of

K} for MeOH an indicator is 10~. The pH at which it
shows is a colour change is.......

. Ky of M(OH), is 5x107'6 at 25°C. The pH of its

saturated solution at 25°C is .......
The equilibrium constant of a strong acid (HA) with
?veakbaseBOHislon. The pH 0f 0.10 M solution of BA

. 10 mL of 0.25 M H;,SO4 is completely neutralised by

0.125 M solution of NH3. The pH of the solution at the
equivalence point is......., if Kj, for NH; =107,

100 mL of 0.20M weak acid HA is completely
neutralised by 0.20 M NaOH. K, for 4™ is 10'3, the
pOH at the equivalence point is.......

One litre of 1 M solution of an acid H4 (K, =107 at
25°C) has pH=2. It is diluted by water so that new pH
becomes double. The solution was diluted to 5 x10% mL.
The value of a is.......

K of pure water is10~'2 at 60°C. The pH of pure water at

An aqueous solution of 024 M aniline
(Kp =4.166x107'0) is mixed with NaOH solution to
maintain anilinium ion concentration to1x10™® M. The
pOH of NaOH solution used was ......

A certain buffer solution equals concentration of X ~ and
HX.K} for X~ is107'0. The pH of buffer is.......

Two weak acids H4 and HB have same pH when their
concentration ratio is 3 : 1. The ratio of the dissociation
constants of HB and HA is.......

Conjugate base of a weak acid has K5 =107, The
equilibrium constant for the reaction of acid with strong

K of StF3 is1x10™'%. The solubility of StF; in 0.1 M

NaFis1x107° M. The value of a is.......
pH of 0.1 M NaCl solution is.......

17.

18.

19.

20.

21.

22

24,

25.
26.

27.

28.

29.

8

31

32

33

3s

The solubility of RNH3(g) in water at 1 atm and 27°C is
24.63 litre per litre water. If pKp of RNH; =4, the
maximum pOH of the resulting solution will be ........ :

If K,, of HgSO4 is 64x107° mole? litre?, then

solubility of HgSOy in mole/m? is ......... :

The dissociation constant of a monoprotic acid, morphine
a pain killer is 10™. Its 0.01 M solution with its 0.01M
sodium salt shows a pH 6, t:he value of pK, is.....

The molar concentration 0f.SO f’ required to precipitate
RaSO, for 2x10~* mole of Ra** in 500 mL is 10~ M. If
K, of RaSO4 is 4x10™"" then value of @ is.....

The A** left in solution when 50.0 mL of 0.20 M A(NOs),
is added to 50mL of 1.5M NaCl is 9.95x10™ M. IfK o, of
AC), is 5.6x107* then the value of a is.....

The solubility of CoS in 0.10M H,S and 0.15M H' solution

is ax1078 M. The value of a is..... Given K for H,S ==2H"
+87is1x1072'and Ky, CoS=3.11x 107

IfK 5, and K, for H;S are 1x107 and 1x10™* respectively.
Then hydrolysis constant for $> + H,0 == HS +OH

The pK,, for 4™+ H;0" ==HA + H,0 is —6, then pK,,
for HA is.....

pH of 0.1M NaCl solution is.....

A buffer mixture containing equal mole of HB and its
conjugate base B ~ (K, = 10™%) has pH equal to.....

The pH at which an indicator pK, = 5.00 changes its
colour is.....

Ethylenediamine NH,C,H,NHj a base (B) can add 1 or 2
protons. The successive pK), values are 4 and 7 respectively.

(BHY'Y
Thep ? " in 0.001M solution of ethylenediamine is.....
The per cent error in [H;0'] made by neglecting the
ionisation of water in a 1,010 M NaOH solution.

TI.1e pH gf solution resulting when 50 mL of 0.20M HCl is
mixed with 50 mL of 0.20M CH,COOH (K, = 1.8x10™)

The pK., for the reaction of Nay4 and HCI at exactly half
neutralisation of NayA is 6, then for 4 + H' &=
HA™ will be..... P T

If Koy for A"+ HyO' ==2HA + H,0 is 10"  for
Bcid”HAis ,,,,, 20 is 10°, then pK,

The solubility of M (OH)y is 10 M. If its pKy, i
4x10™2, then the value of X is

. An acid indicator (K, = 10"*) will have $0% its basic

form at pOH.

The solubility product of AgCl ix 10~ A 2 at 25°C. The

minimum volume of water (in m") required to dissolve
1.435 g AgCl at 25°C. . o
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36.

37.

38.

39.

40.

41.

42.

The molar solubility of Ag.CO, (K =4x10"3) in
0.1 MNaCO3 is10™" M. The value of @ is .......... .
The pH of an aqueous solution of 0.1 M NH4CI and
0.01M NH4OH (pKp =5)is ........

The pOH of resulting 500 mL solution by mixing 25 mL

of 0.1 M NaOH and 25 mL 0.08 M HCI, finally diluted
with water is ........ .

If aM solution of weak acid H4 has same pH as bM
solution of weak acid HB. Also if % =4, then the ratio of

dissociation constant of two acids HB and H4 will be

The minimum pH required to prevent the precipitation of
ZnS in a solution having 0.1M ZnCl, and 0.1M H,S if
Ka) x Ka; for H,Sis1072° and Ky, of ZnS = 1072,

The per cent error in [H* 1 made by neglecting ionisation
of water in10x10™% M NaOH is .......... .

0.01 mole of NaOH in 10 litre water are added. How
much the pH water changes?

. The approximate pH of a solution of benzoic acid

(K4 =64 %1073 ) having density 2.06 g/dm>

. A mixture of KOH and Ca(OH), weighing 6.13 g is

completely neutralized by an acid. If mass percent of

47.

49.

KOHinmixnueisttS.(&SandnormdityofacidisZOlﬂ.
then find the approximate volume (in mL) of acid used in
neutralisation.

50 mL of 0.2 N'NaCN is mixed with 50 mL of 0.2 M HCL.

Calculate approximate concentration of [H* ]in molarity
x1078 if Kj for N~ is2x107>.

The disociation constant of a substituted benzoic acid at
25°C is 1x10~*. The pH of a 0.01 M solution of its
sodium saltis : (IIT 2009)
The total number of diprotic acids among the following
(11T 2010)
H3;PO4, H2SO4, H3PO3, H,CO3, H3S;09
H3BO;, H3PO;, HCrO4, H2SO3

Amongst the following, the total number of compounds
whose aqueous solution turns red litmus paper to blue

18.casns (IIT 2010)
KCN, K>S04, (NH4)2C>04, NaCl, Zn(NO3)>
FeCl3, K»CO3, NH4NOj3, LiCN

In one lire saturated solution of AgCl

[Kspof AgCl=1.6x107'"] , 0.1 mole of CuCl
[Kspof CuCl =1.0x107%] is added. The resultant

concentration of Ag* in the solution is 1.6 x10™% . The
value of Xis ....... . (IIT 2011)

I e S |

1. Seven 2. Two

3. Nine 4. Five 5. Nine 6. Six

7. Five

13. Three 14. Nine 15. Eight 16. Seven 17. Two 18. Eight 19. Six

25. Seven 26. Four 27. Nine 28. Seven 29. One 30. One 31. Six 32. Six
37. Eight 38. Three 39. Four 40. One

49. Seven

41. One 42. Four 43. Three 44. Seven 45. Sevend6. Eight 47. Six

8. Two 9. Six 10. Six . Two
20. Seven 21. Four 22. Seven B. One 24. Stx
33. Two 34. Nine 35. One  36. Six
48. Three
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The equilibrium constant for :

CN™ +CH3COOH = HCN +CH3CO0™ is :

(Given pK  forCN ~=4.69 and pH forCH;CO0~=9.25)
(a) 3.7x10* (b)2.8x107

(c)1.97 (d)0.5

The ionisation of codein in 0.01 M solution shows a
pH=10.1. The ionisation constant of codein is :
(a)1.6x107* (b)1.6x107¢

(c)1.6x1078 (d)1.6x107

The solubility of a sparingly soluble salt A (OH), (molar
mass 192.3 g mol") is 19.23 g/litre at 300 K. The pH of

its saturated solution assuming 80% ionisation at 300 K
is:

(a) 1.0970 (b) 12.9030
(c) 13.2041 (d) 12.0000
4. K for CHyCICOO™ is 7.41x107'2, The pH of 0.1 M
CH,CICOONa in water is :
(a) 7.93 (b) 6.66
(c) 1.94 (d) 12.06
5. Equimolar solution of CaCl; and K,SO4 are mixed in

equal volumes. If Ky, of CaSO4 is 9.1x107°, the
maximum molar concentrations of CaClyand K;S04
which will lead no precipitation of CaSOy is :

(a) 0.006 (b) 0.004

(c) 0.002 (d) 0.008

IfKg of ZnS is l.0><10'2', the minimum volume of
water is required for the dissolution of 0.097 g ZnS is :
(a) 3.16 x10° litre (b)3.16 10 litre

(c) 3.16x10° litre (d)3.l6x103 litre

Kgp of M(OH), is 27 %1072 and its solubility in water
is10~3 mole litre ~!. The value of x is :

@1 (b)2

©3 d4

The dissociation constants for acetic acid are 1.8 x 1075
and 1.805x10™5 at 300 and 310 K respectively. The
enthalpy of deprotonation for acetic acid is :

(a) 50 cal (b) 52.8 cal
(c) 51.6 cal (d)48.48 cal
Solubility product of 4, X 3 -4H,O is given by :

@) [4** (X" PH00*
®) 24 Ppx 2P0
© 4% PpRx > PH01*
@ 4> Px*p

: OBJECTIVE PROBLEMS (One Answer Correcl) :

10.

11.

12.

13.

14.

15.

16

17.

18.

19.

20.

Numerical Chemistry

PKa, +pK,,
— s
For which type of compounds this formula is not valid?
(a) NaHS (b) NaH;PO4

(c) NaH,PO;3 (d) NaH;BO3

Which one is not correct statement about buffer mixture ?
(a) NH4OH + its conjugate acid

(b) CH;COONa + its conjugate base

(¢) 1 millimole of NaCN + 0.5 millimole of HCl in 1 litre
(d) 0.5 millimole of NaCN + 1 millimole of HCl in 1 litre
A buffer solution is prepared by dissolving 1 mole of
CH3COOH and ‘@’ mole of Zn acetate. The pH of
solution is 4.7447 and pK , for CH3COOH = 4.7447.The
number of mole of zinc acetate are :

(@1 ()2

(c) 0.5 (d)0.25

The percentage error in H* concentration provided by
1078 M HCl if ionisation of water is not neglected is :
(a) 3% (b) 2%

(c) 5% (d) 4%

The degree of dissociation of water is 1.8 %1072 at 300
K. The self ionisation constant for water is :
(a)1.0x107" (b)1.8x10716
(c)3.23x107"® (d) none of these

The change in pH of water when 0.01 mole of NaOH are
added in 10 litre water is :

pH of some solutions is given by : [H* ]=

(a) 11 units (b) 3 units

(c) 4 units (d) 2 units

Which of the following has concentration dependent pH?
(a) CH3COONa (b) CH;NH,COOH

(c) CH3COONH,4 (d) NaHS

An acid-base indicator (pK, = 4.5271) has the acid form
red and basic form blue. If we need 75% red to be
converted into 75% blue form in solution, the change in
pH of solution should be :

(a) 4.05 (®) 5.0

(c) 0.95 (d) 0.80

0.1 mole of CH3NH, (pKj =3.3010) is mixed with
0.08 mol of HCI and volume is made to 1 litre. The pH of
solution is :

(a) 7.32 (b) 11.4642

(c) 10.097 (d) 11.5020

0.08 mole of CH3NH, (pK} =3.3010) is mixed with
1.0 mole of HCI and volume is made to 1 litre. The pH of
solution is :

(a) 1.699 (b) 2.699

(c) 10.097 (d) 7.32

0.04 M solution of CH3NH, (pK, =3.3010)is diluted 0
reduce its molar concentration to half. The change in PH
during dilution is :
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(a) +0.1615 (b) -0.1615
(c) +0.2615 (d) -0.2615

21. The enthalpy change for first proton neutralisation of
H,Sis -33.7kJ mol ™', What is enthalpy change for first

ionisation of H,S ?
(a) 23.6 (b) 33.7
(c) 208 (d) 10.4

22. Which will have pH closer to 1.0 ?
(a) 100 mL of 0.1 M HCI +100 mL 0.1 M NaOH
(b) 55 mL of 0.1 M HCI + 45 mL of 0.1 M NaOH
(c) 10 mL of 0.1 M HCI+90mL 0.1 M NaOH
(d) 75 mL of 0.2 M HCl + 25 mL 0.2 M NaOH
23. The pH of0.1 M solution of the following salts increases
in the order :
(a) NaCl < NH4Cl < NaCN < HCI
(b) HC1 < NH4Cl < NaCl < NaCN
(c) NaCN < NH4Cl < NaCl < HCI
(d) HC1 < NaCl < NaCN < NH4Cl
24. The conjugate acid of NH3 is :
(a) NH3 (b) NH,0H
() NH (d)NaHy
25. The compound that is not Lewis acid is :
(a) BF:; (b) AlICI 3
(c) SnCl, (d)CCl4
26. The pK, of acetyl salicylic acid (aspirin) is 3.5. The pH
of gastric juice in human stomach is about 2 —3 and the
pH in the small intestine is about 8. Aspirin will be :
(a) unionised in small intestine and in the stomach
(b) completely ionised in the small intestine and in the

stomach

(c) ionised in the stomach and almost unionised in the
small intestine

(d) ionised in the small intestine and almost unionised in
the stomach

27. Which of the following is the strongest acid?
(a) ClO3 (OH) (b) C10, (OH)
(c) SO(OH), (d) SOz (OH);

28. pK, of NH4OH is 5. The pH of a mixture containing
10mL of 0.3 NH4OH and 200 mL of 0.IM

(NH4)3POy4 is:
@35 (b) 5.3010
(c) 6.3010 (d) 7.6987

29. K,, for water is 9.5 10~ m?2 at 60°C. An aqueous
solution of a salt at 60°C has pH =7, itis :
(a) acidic (b) basic
(c) neutral (d) none of these

30. 100 mL of 0.005 M H,SOy is diluted to one litre. The pH
of resulting solution is :
(a)3
(OF]

(b) 4
@2

3.

32.

3.

3s.

3

38.

L1g)

How much water should be added to 300 mL of 0.2 M
solution of acetic acid (K, =1.8 % IO”) to increase its
degree of dissociation two times ?

(a) 1.2 litre (b) 1.5 litre

(c) 0.9 litre (d) 0.7 litre

If pKp for C¢HsO™ is 4, what is the pH of 0.1M

CgHsO™ in solution at 25°C?

(a) 13.0 (b) 12.5

(c) 11.5 (d) 10.5

2, 4-dinitrophenol (pK, = 4) acts as buffer and if pH of
this buffer is adjusted to 5, the ratio of concentration of
dissociated and undissociated molecules of 2, 4-di

nitrophenol is :
@1 (®) 10
(c) 0.1 (d) 0.01

. In a saturated solution of AgCl, addition of NaCl is made

drop by drop in excess. Which graph correctly represents
the change ?

Ag* p——
() e : ®) [Ag’] k
[CI] [CI]
() [Ag*] / @) [Ag*] \
=) [cr]

Solubility of Ag,CrO4 in 0.2 M K,CrO4 is ‘a’ and
solubility of Ag,CrO4 in 0.4 M AgNO3 is ‘b, then :

(@) a=>b

Mb)a>b

(©)a<b

(d) cannot be predicted in absence of K, of

0.1 M solution of H3 A being a weak trib’:sic ;:?dz hcar\(l)u‘ng

Ka,,Ka, and K, 25107°,10~ and10™"3 respectively. If

A3
:,\)’ ;epresents —log [i-lA 2_]], then the value of pX is :
a 8
() 10 ?3 9

pH of mixture having 0.1 MNH4OHand 0.1 M NH,Clis

equal to pK, —pK,. If 0.1 M NH4OH and 0.1 M
(NH,4);S04 are taken, the pH will be : '

(a) pKy, —pK} (®) pK,, +pK

b
(©) PKw = DK +log2  (d) pKy — pKy - log2
In the equilibrium : BaF, (s) = Ba ?* (aq) +2F " (aq)
if{Ba2* Jis increase two times, then [F~ Jin solution will ;
(a) increase two times (b) increase four times
(c) decrease two times (d) decrease to 1 /+/2 times
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39.

40.

41.

42.

43.

45.

46.

47.

49.

The pH of 100 mL solution containing 0.3 M NH?,
0.2M NH40H (K}, =4.74) and 0.01 M HCl in it is :

(a) 9.05 (b) 8.66

(c) 7.46 (d) 8.05

The pH of a 100 mL solution containing 0.3 mole of
NH}, 0.2 M NH4OHand 0.01 M NaOH in it is :

(a) 10.12 (b)9.12

() 8.12 (d) 8.5

A weak acid has pH = 4, then :
@C=10",a=10% (b)C=10",0 =106
(©)[47]1=10"% d)K,=10"2,0.=10
An acidic buffer solution can be prepared by mixing the
solution of :

(a) ammonium acetate and acetic acid

(b) ammonium chloride and ammonium hydroxide
(¢) sulphuric acid and sodium sulphate

(d) sodium chloride and sodium hydroxide

The pH of a10™® molar solution of HCl in water s :
()8 (b)-8

(c) between 7 and 8 (d) between 6 and 7
Of the given anions, the strongest Bronsted base is :
(a) ClIO~ (b) ClO3

(c) ClO3 (d)Clog

At 90°C, pure water has [H30* ]=10"% mole litre .
What is the value of K, at 90°C?

(a)1078 (b)10712

(c)1071 (1078

The precipitate of CaF, (K, =17x107'%) is obtained
when equal volumes of the following are mixed :
()10 MCa?* +10* MF~

102 MCa?* +103 MF™

(©) 105 MCa?* +10> MF~

@102 MCa%* +10°MF~

A certain buffer solution contains equal concentration
X~ and HX. Then K}, for X ~ is 10™'0. The pH of the
buffer is :

(a) 4 (b) 7
(c) 10 (d) 14
A certain weak acid has a dissociation constant of

1.0x107*. The equilibrium constant for its reaction with
astrong base is :

(a)1.0x107* (®)1.0x107'°

() 1.0x10'° (d)1.0x10"

The best indicator for detection of end point in titration
of a weak acid and a strong base is :

(a) methyl orange (3 to 4)

50

51.

52.

53.

54,

55.

56.

57.

Numerical Chemistry

(b) methy! red (5 to 6)
(c) bromothymol blue (6 to 7.5)
(d) phenolphthalein (8 to 9.6)
The following equilibrium is established when hydrogen
chloride is dissolved in acetic acid.
HCI +CH3;COOH —=CI"~ +CH3COOH;
The set that characterises the conjugate acid-base pairs is ;
(a) (HC), CH3COOH) and (CH,COOH3,C1™)

(b) (HCI, CH3COOH} ) and (CH3COOH, CI™)

(c) (CH3COOH} , HCI) and (CI™, CH3COOH)

(d) (HC, CI™ ) and (CH3COOH3 , CH3COOH)

The compound insoluble in acetic acid is :

(a) calcium oxide (b) calcium carbonate

(c) calcium oxalate (d) calcium hydroxide

The compound whose 0.1 M solution is basic is :

(a) ammonium acetate (b) ammonium chloride

(c) ammonium sulphate  (d) sodium acetate

When equal volumes of the following solutions are
mixed, precipitation of AgCl (K, =1.8x 10'10) will
occur only with :

()10~ M (Ag* )and10™* M (CI7)

(6)107° M (Ag* )and 1075 M (CI7)

()10 M (Ag* )and 1076 M (CI7)

(@107 M (Ag*)and 10717 M (C17)

The degree of dissociation of water at 25°C is

191077 % and density is 1.0 g cm ™. The equilibrium
constant for water is :

(a)1.0x1071 (b)2.0x1074
(¢)2.0x107'6 (d)1.0x1078
Which one is more acidic in aqueous solution ?
(a) NiCl, (b) FeCl,

(c) AlCl, (d) BeCl,

The following acids have been arranged in the order of

decreasing acid strength. Identify the correct order
CIOH(I), BrOH (W), IOH (1)

(@) I>1>1I (G)I>1>1

(c)M>1>1 @Ii>n>nm

If pK, for fluoride ion at 25°C is 10.83, the ionisation

constant of hydrofluoric acid in water at this temperature

is:

(a)1.74x1075 (b)3.52x1073

(©)6.75x107* (d)5.38x1072
. The solubility of 4X3 is y mol dm . Its solubility
productis:
(@) 6y* (b) 64y*
() 36y° (d)108y°



lonic EqQuilibnium

9.

60.

61.

8

67

Among the following the one having lowest X s
(®) Mg(OH); () Ca(OH),
(¢) Ba(OH)> (d) Be(OH),
Which of the following is correct tor 1.0 M solution of
strong acid HA and 1.0 M solution of weak acid HB ?
(@) H4:pH=0; HB:pH< 1
O)HA:[HY )=[4"); HB;[H*]=[4")
(¢) HA { [Hd] = 0; HB: [HB) = (1-a)
(d) All ot'these
Which order is not correct for basic nature ?
(2) NH; >PH; (b) HyO> H,S
(¢) NH3 >NCl, (d) NF; > NH;,
Which of the following acid-base neutralisation does not
form water with salt ?
(@) Al203 (+) + NaOH (aq.)(b) Al,0; + HCl(aq.)
(¢) SiO; + NaOH(aq.) (d)ZnO + NaOH(aq.)
How many mole of HCIl must be added to 1 litre aqueous
solution of HCl of pH = 3, in order to decrease its pH to
2?
(a) 0.009 (b) 0.001
()1 (d) 0.1
Which one is correct decreasing order of solubility of
AgCl? '
(1) in water (ii) in 0.1 M NaCl
(ii1) in 0.1 M BaCl; (iv) in 0.1 M NH; -
(@) (lv> i >ii>1) (b) (iv > 1> ii > iii)
(c) (iv > ii > iii > 1) (d) (i >ii>iii>iv)
0.1 M aqueous solution of BOH (a weak base) has ;l)il
equal to 12 at 27°C. Assuming K, at 27°C 1.0 X107,
calculate the osmotic pressure of 0.1 M BOH(agq.)
() 2.71 atm (b) 2.46 atm
(c) 0.246 atm (d) 2‘?-6 atm )
300 mL of saturated, clear solution of CaC204 (aq.) is
completely oxidised by 6 mL of 0.001 M KMnOy in ucid
medium. The K, of CaC204 is %
(@) 25x1078 (®)23x10
B v Ie(/‘:) 25))( . mixture of 1 litre
Solubility of AgCl (in mole/litre) in a g
solutiontZomaining 0.05M NnClI émd 0.05 M BaCl; is :
(Given K, of AgCl = 1.0 % 107°7)

-10
(8) 6.6 %107 (b) 6.6 x10

i 1.0x10°*
(Scc)l:c:? :hleo correct choice (gv)hen 100 mL of 0.5 M
hydrazoic acid (N 3H having K, =3.6x107) and 400
mL of 0.1 M cyanic acid (HOCN having K, =8 x 1074
are mixed : ) N
(8) pH =2 (b)[N3]=3.6x10
(c)[OCN™]= 6.4 x107>  (d) all of these

69.

70.
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Autoprotonation constant for liquid NHj is 3.46 x 1077
at —50°C. The number of anions present in 1 mL of pure
NH; at-50°Cis :

(a) 2.08 x10° ®)1x107'

(¢) 6.023 x107° @1x10" S
ili roduct of 1is 1.0 x 107
Sm‘:::;:xz vglume of wateArgig litre is required to dissolve

4.305 mg of AgC1?
()2

(a) 1
(©)3 4

How many mixed buffers can be obtained using KOH
and HyPO4 ?

(@)1 (®)2

©3 @4

Which graph correctly represents addition of NaCl to a
saturated solution of AgCI?
[Ag"] [Ag"
(a) ®)
N — cn —
” lAgh \ & (AgY)
c {_
[cr] — [cn —

Which reagent can be used to separate one of ions as
precipitate from a solution containing Cu®* and Pb2*
ions ?

(2) H8(g) (®) NH4NO;

(c) HNO; (d) H2S0,

Which can be used to separate F~ ion from a solution of
F~ and C17 in solution ?

(2) AgNO; (®) Pb(NO; )3

(¢) HNO; (d) H380,

Except one in rest all cases, K 2005 solution on addition
gives a precipitate :

(%) BaCly (ag.) (®) CaBry (aq.)

(¢) (NH4)280, (d) PH(NO; ),y

Arrange the following in increasing order of pH

1. 0.1 M CH;;COONa + 0.1 MCH;COOH

2. 0.1 MCHCOOH + 0.1 M HQI

3.0.1 MCH;;COOH

4.0.1 M HCI

) 2<4<3<| M I3
(©)2<3<4«| W21

A solution has pH = 4, 1t ix 1000 times less acidic than
another solution of same species of pH
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78.

81.

(@1 ()2

©3 d)4

pOH of 0.003 M HCl is :

(a) 11 +1log3 (b) 11 -log3
(c) 7+log3 (d)7-log3

. 10 mL of 10~ N H3S0y4 is diluted with water to have 1

dm? solution : The pH of this solution is :

(@) 6 (b) slightly more than 6
(c) slightly less than 6 )7
. The pH of a solution obtained by mixing 10 mL of 0.1 M
HCl and 10 mL of 0.01 M St(OH),.
(a) 1.40 (b) 1.50
(c) 11.70 (d) 7.00

If heat of ionisation A;H° for HCN and A;H° for
CH3COOH are 45.2 kJ mol™! and 2.1 kJ mol™, then
which one is not correct ?

(@) PKayey > PKach coon
(b) X, of HCN < K, of CH3COOH

(<) acetic acid is stronger than HCN
(d) PKayey < PKacH,c00H

. The ratio of degree of dissociation of HCN (K, =10~%)

in its 0.1 M and 0.001 M solution :

(a) 0.1 (b) 0.2

(c) 0.3 (d) 04

Which of the following ions can exist in solution ?
(a) H;0" (b) H302

(c) HsO3 (d) all of these

. What will be degree of hydrolysis and pH respectively o_f

an aqueous solution of ammonium formate : pKg =4
pKp =5; pK,, =14:
(8) 3.16x107 ,7 (b)4.16 107, 6.5
(c)3.16x1073 ,6.5 (d)4.16 x107, 7.0

The solubility product of AgClis10~'°. Applying Debye
Huckel limiting law, the correct solubility order of AgCl
is different solutions of 0.1 M concentration is :

(a) NaCl < H;0 < NaNO3 <Ca(NO3);

(b) H,0 < NaCl < NaNO3 <Ca(NO3);

(c) NaNO3 <Ca(NO3 )2 <H20<NaCl

(d) Ca(NO3); < NaNO3 < Hy0<NaCl

For, Ag(CN™); == Ag" +2CN~

Kc=4x107 at25°C

Calculate Ag* concentration in a solution which is
originally 0.1 M in KCN and 0.03 M in AgNO3.

(a) 7.5x10718 M (b) 7.5%107" M
(©)62x107" M (d)3.4x107"% M

The solubility product of Pbl; is 7.47 x 10~ and 1.39 x
10~ at 15°C and 25°C respectively. The molar heat of
solution of Pbl is :

89.
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(b) 10.66 k cal

(a) 9.969 k cal
_(d) 11.11kcal

(c) 8.88 k cal

. A solution of a weak monobasic acid has Ay for 0.1 ¥

solution and A.. equal to 60 S cm?mol™! and 400 §
cm2mol ™! respectively. The pH of this solution and X,

ofacid is :

(a) 1.82,2.65 1073 (b) 2.82,2.65 x 107

(c) 1.82,2.25 % 1073 (d) 2.82,2.25 x 1073

The dissociation constant of H4 and 4~ are equal. The

pH of 0.001 HA solution is :
(@) 3 () 4
©5 d)6

pK, of acetic acid is 4.74. What mass of KOH is
required to be added in 500 mL of I M acid in order to
prepare a buffer solution of maximum capacity.

(@) 28g (b)l14g

78 (d10g

K, of HCOOH is 107 and solubility of HCOOAg is
102 M. The solubility of HCOOAg in a buffer solution

ofpH=3is ....cocuunns
(a) 0.01 M b) 0.1 M
(c)02M (d) 0.02 M

From the following informations, select the strongest
base :

Acid H,PO;  HPO;~ HCO7  HSOj
K, 60x10™ 48x10™8 47x107" 63x107
(a) POY" (b) HPO3™

(c) COY" (@)S03"

0.125 mole of Ca 43 are present in 0.5 litre solution. If

K, of HA is 8.0 x 107 and salt Cad; is completely
ionised, the pH of solution is :

() 5.60 (b) §.75
(c) 8.40 (d) 8.25
Br~
At what ——: :] . the following cell shows
(G|
3
cquilibrium :

Ag(s)] Ag2C0;3 (5). Na2COy (ag.) || AgBr{(ag.)| As)
Ksp of Ag3C0y =8x10""? and
Ksp of AgBr=4x10~"
(@ 2x1077 M) V2 x1077
(©) YIx10~? @2
Concentration of the Ag * tons in a saturated solution of
Ag1C304 i 2.2 X 107 mol L™\, Solubility provtuct of
AgaCy0y4 is:
() 242x107%
(c) 4.5x10""

(b 2.66x10°"
Wsaxio-"
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B e |

_ [HCNJ[CH;C00™ )
[CN_ 1[CH3 COOH]
[CH3CO0™ J[H* ],
[CH;COOH] '
[H' JICN™]
[HCN]
PKyon- =469 . pKyen =9.31;
PKCH3000H =475
= Kcnyooom _ 1771078
KueN  4.9x10710
2. (b) pHofCodein=10.1 . itisa base.
Now  Codein +H;O == Codein* + OH"
_ [Codein* J[OH™],
[Codein] '
[OH™ ]=ca.=0.01x0
—log 3.9=0.01c
1.259x 1074
o= —01— -

1. (@ Keg =

K cH,coon =

Kucen =

=13.7x10*

eq.

Also,

0.0125
2
_ oo
Ke=t-o
0.01x (0.0125)?
(1-0.0125)

3 (© S= :gzzgmolllmc =0.1M

A(OH); =4 +20H'
0.1x2x 80 =016
100

K, = =1.6x107°

[OH™ ]=
pOH = 0.7958
pH=13.2041

CH,CICOO™ +H;0== CH,CICOOH+OH™

K X
[OH ]= ch=d-—-./ : =
=,/K,, xa=J7.4lxlO"2 x0.1

=8.606x10”
pOH = 6.065
pH=7.93
S. (a) Let molar concentration of salts be a M
[Ca?* )(SOZ ]=Kyp
[axl’ [axV] 9.”“0-6

a2 =4x9.1x10°8 . a=6033x10"
~21
6. (b) Solubility of ZnS =S5 = K,,-Jlxlo

4. (a)

9. (d)
10. (d)

11. (d)

12. (c)

13. (c)

14. (c)

=3.16x10""! mol/litre
=3.16x1071' x97 g/L
=3.065x10° g/L

*.  Volume of water in litre required = 0T

3.065%107°
=3.16x10’ litre

K of M(OH)x =xX .(§)X* =27x107"2

XX .073)¥* =27x10712

By putting X =1, 2, 3........

X=3
2 _AH ([ -Th]
2.303]og Kl . Tsz
1.805x10° _AH 10
2.3031log | 8x10-5 R x300x3lo
AH =516 cal

Hydmed water molecules do not interfere in K gy
The formula is valid for acidic salts as well as for
zwitter ionic molecules. NaH; BOj is neither an acid
salt nor it exists.
NaCN+ HCl- NaCl+ HCN
1 0.5 0 0
0.5 0 0.5 0.5

i.e., 0.5 NaCN+0.5 HCN, buffer
NaCN + HCl — NaCl + HCN
0.5 1 0 0
0 05 0.5 0.5

PH=pK,+logk{

Not a buffer

(CH3C00), Zn gives 2 mol CHy000™
4.7447=4.7447+ log—2;’ . a=1/2

1080 HO - [(H')=10"% =10x10°  if
dissociation of water is neglected
if not neglected then : H,O0 ==  H* + OH"
a+10® 4
ax(a+108)=10"1
a=095x10"7
(10x107° -9.5x10™)
10x10~°
H0+H0+=H;0" +OH™
[H} O)=Ca=10"7 =[OH")
-7
CaL =
1.8x10™°
K, =[H3O"JOH"] _ 104
(H07  ($5.6)°

', %error =

x100= 5%

55.6

=323x10"'8
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15. (c) [0H‘]=°l-—g‘=10‘3 ~ pOH=3 or pH=11

Thus, pH changes from 7 to 11 by 4 units.
16. (a) pH of acidic salts, salts of weak-acid + weak-base and

zwitter ionic species is independent of concentration.
17. (c) For75%red from HI, == H* + I,

(Red) (Blue)
75 25 25
[H')[I7]
[HI, ]

pH=pK, +log2—§—45271 0.4771=4.05

K, =

For 75% blue form pH = 4.5271 + log 2—5
=4.5271+0.4771=5.0
ApH=5.0-4.05=0.95
18. (c) CH3NH; +HCl— CH3NH} +CI™
0.1 0.08 0 0
0.02 0 008  0.08
[CH3NH, ] = w [CH3NH} 1= 0.08
This acts as basic buffcr.
pOH=pK + 1ogg—giz‘ =3.3010+0.6020
pOH = 3.903
pH=10.097
19. () CH3NH, +HCl—s CH3NH} +CI”
0.08 1 0 0
0 0.02 008 0.8
- [H']1=0.02=2x107%; -.pH = 1.699
20. (a) I: [CH;NHZ] 0.04
0.04x0” 04x0.2
Kp= =5x107"* =
» (1-a) “(-a)
. o=0.1056
[OH™ ]=ca=0.04x0.1056 = 4.224 x10~>
pOH=2.3743
II : [CH3;NH, ] = 0.02

2
—sx104 2 002xa? | oo

(1-a#1)

K= ire) “O-a)
a=0.1456
[OH™ ]= co. = 0.02x0.1456 = 2.912x 1073
pOH=2.5358
—ApOH = ApH = +0.1615, i.e., pOH increases
on dilution or pH decreases.
21. (a) H;S+OH™ —H,0+HS™; AH =-33.7K]

H* +OH™ — H,0; AH =-573kJ
HySs=2 H* +HS™; AH = +57.3-33.7=+23.6kJ

22. d) HCl + NaOH — NaCl+H;0
75%x0.2  25x0.2
=15 5 0 0

10 5 5

23.

24.

25.
26.

27.

28.

29.

30.

31.

()

(@

(d
(@

(a)

(CY

®) Ky

(@)

(c)

32. (¢

Numerical Chemistry

pH=1

HCl is an acid having lowest pH, NaCNy,, is alkaline
and NH4 Cl is acidic due to hydrolysis.

NH; + H¥ — NH;

base conjugate acid
CCl4 has complete octet and can not expand its octet.
Aspirin an acid will be completely ionised in alkaline
medium.
HCIO4 is strongest acid among these because of
higher oxidation number of CI (i.e., +7).
mM of NH4OH=10x03=3

mM of [NH;, ] from (NHy )3 PO4 = 200X Q1x 3= 60
pOH = 5+ log 630— 5+log 20= 63010

pH=14-6.3010= 7.6987
=[H* ]? = 965%10™'* for pure water
[H*]1=31x1077
If [H"1>31x1077 acidic
<31x1077 basic
Thus, if[H* ]1=1077 i.e.,< 31x 10”7 ,solution is basic.
Meq. of HSO4 present initially = Meq. of HySO4
after dilution.
0.005x2x100=1000x N
[H' ]=1x1073
pH=3

Initially, o = ’ "‘8"‘0 =949x1073

Ifouis doubled, then new t; =1.898x 102
Since o remains negligible in both cases, therefore

2 2
Clal = (.‘2(12

)2
= 02x(5) =005

Ondilution ¢}V = c,¥,
300x 02 =005V,
V2 =1200 mL
Volume of water added = 900 mL
CeHsO™ + H,0— C¢HsOH+OH™

[OH )=c-h=c- ’K_H = ’&.c
c K,

=JKp =10 x01 = 116x 10~

(or M = MZVZ)

pOH=-25
pH=115
3. (b pH=pK, +log[°°n#(:f£]
[conjugate base]
5= 4+ |og LOMUEALC base]
e [acid]
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fog [conjuga'te base) =
[acid]

[conjugate base] _ _[dissociated ions] _
[acid] [undissociated acid]

3. ®) [Ag*1ICT 1=K, or [Ag*]=—X2

[cr7]
if [C1™ ] increases, then to have K sp constant and thus
[Ag* ] decreases. Also after sufficient addition of

[C171,[Ag™ Jwill become almost constant.

1

10

35. (d) K;pAgaCrOq4 =[Ag* ]Z[Cl‘05_]
= (25)2 xs= 45>
Now in 0.2 MK,CrO,4 In 0.4 M AgNO;
Kgp=[Ag*1?x02 | K, =[04+S)®xS
K Ky

1= [X PR 1

K,p _Ksp

o a=yTuy b5
=223x /Ky =625xKg

[H* ] are obtained in dissociation of H3 4 in all the
three steps, but the [H* ] obtained in II & III steps are
too low. Thus [H* ] can be obtained from 1 step
[H* ]=JKa xc (1-a=1)
=105 xa1=107?
oL 7]
[HA™]
(HA> ==H* + 4> 1I Step)
1073 x[4%7]
[HA?"]
14%7) _ 10
[H4?"]
InICase:

36. (o)

Now,

1093 =
pX =10

37. (d)

4

tog et L K,
pOH=pKs +108 [N OH]

[ [NH: ]=[NH4 OH]=01]

pH=pK, —PKp
In II Case :

[NH ]
=pK +log 2
pOH=pKp, +log [NH4OH] pKp +log

[+ [NH} 1= 01x2]

pH=pK, —pKp —log2
BaF; ‘c—'ﬁBﬂN +2F
(©) 3
Ky =[Ba®" 1[F]

38. (d)

39.

40.

41.

42.

43.

45.

47.

K

Ba2+

AgainK,, = 2x[Ba®* ][F"J?

[Ba?* is increased two times)

[F7]=

Ksp

FP=—2t—
F) 2x[Ba?*]

Ksp
o [Fl= |—5—
[ 2[Ba%*]
(a) NH4OH+HCI==NH,Cl+H;0
02 0.01 0s
0.19 (] 0.01
[NH:]=0~30+0~01=°~31

[NH4OH] = 019

pOH=4.74 +10g 231

0.19
=495
pH=14-495=905
(b) NH} +NaOH—> NH;OH+Na®

03 0.01 0 Y
0.29 0 0.01
[NH} ]=0.29

[NH4O0H] = 0.2+0.01=0.21
pOH=4.74+log %;
=4.880
pH=14-4880=912
(a) HA=H"+4"
4= 11— _10 -3 _ 104
[H" 1=[4 ]—a-c—mxlo =10
= pH=4
(a) Weak acid (CH3COOH) and its conjugate base
CH3COO™ and this buffer is an acidic buffer.
(d) HClis an acid.

. (a) Stronger is the acid, weaker is its conjugate base.

() K, =[H307][OH ). Also[H3;0" ]=[OH]
1076 x1078 =10712

. (b) QforCaF, =[Ca?*J[F )2

102 xv|[1023 xv] 1.8 9
=[5 | =X =12x107

. 4 . 4
0>Kgp

L [conjugate base] _ . 4 1_
(a) pH=-log K ,+log facid] =10 +log—l-4
[ pKq +pKq =14]

() HXx =H" +Xx~

—

T P L |
K X (i)

HX +NaOH+—NaX +H,;0
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49.

51.
52.

53.

55.

57.

59.
" 60.

61.

62.

@

@

(©)
()

(a)

(©

(®)
(a)
©)

d

(d)

@

d)
(a)

k. = Na*JIX"][Hy0] _ [X”][H,0] (i)

[HX][Na* ][OH"] [HX][OH"]
By Eqgns. (i) and (ii)
Keg _ 1 _Ka _10 10
K. K, “ Ky 0

lfhenolphthalein is good indicator for strong alkali
titrations.

HCl— CI7
Acid C-base

Calcium oxalate is weaker base.
CH3CO0™ +Na* +H,0+— CH;COOH+

Na‘ +OH™
—4 —4
0 for AgCl =[Ag* ][C1™]= |10 _XV|{ 10— xV
[AgT][CI7] 7 Y]
=2.5%10"°
* 0> K, ,precipitation will occur.
% _[H"][OH"]
4 [H0]
for H,0 = H' + OH
1-a [+ a
[H']=ca and cyy0 =%0=55.6
K, =00 q_o_
4 c(l-a) (-e=D
(556x19%107% )2 16
K = "~ =
. 356 2x10

Both FeCl; and AICl3 will furnish 30H™ ions and
Fe (OH)j is relatively stronger base than others.
HOC] > HOBr > HOI due to more electronegative
nature of halogen.

HF—H" +F~
pKa +pr =14
pKo +10.83=14
pK, =317
K, =676x107

_ 2 2. 23, ¢3
Kgpof Ay X3 =2°-(5)" %3 xS

=108(5)° =108y°
The solubility of alkaline earth metal hydroxides
increases down the gp. more is solubility, more is K g,
HA— H" +4~
HB — H" +B~
F is more electronegative than H and thus it reduces

electron pair donation nature in NF3.
Al; 03 +2NaOH(ag. )+ 3HO(/) — 2NaAl(OH)4

63. (a) [H* ]=[HCl]or mole of HCl of pH =3 in 1 litre is 10~

=0.001
[H* ]=[HCl]or mole of HCl of pH =2 in 1 litre is 1072
=0.01

Nmamy
e Mol:ofﬂ(:lwbeadt‘.letliaM(Zl«:fpu.hww’T
0.001 = 0.009 )

64. (b) AgCl forms complex with NH3 MMM:NM,(,

65. (a)

66. (c)

67. () [C1” ]in mixture= 005 + 2

Also solubility of a salt decreases in presenc,
common ion.

-

BOH — B +OH"
C 9 9
ci-a) G

[OH™ ]=Ca =107
[For BOH,pH =12 .. [OH~ p:mrll
102
a= 01 =107 =0.1
Total number of particles presem 4
(1-o+a+a)=1+a=11
Now r=CST(1+a)
=0.1 x0.0821 = 300 = ] |
=2.71 atm
Mn”* 45— Ma?*
(C3+h—9x“+2e
meq. of C;07~ =meq. of KMa0,
Mx2x300=0001x35x6

MC;O:L =35x10"
=

CaC05=—=Ca"" + ;0]

Ky =[Ca?* ][Czoi_]= 5%10~ x5x107°
=25x1071°

x005 =015
fromNa(1  fromBa(ly
AgCl=—= Ag” +Q1~
Ko =[Ag* J[Q" =S x0.15=10x10"

§=6.6x1071°

For

For

68. (d) After mixing the mmsm=&°£.+‘5 =107

ateq.

or

400x 0.1 -2
[HOCN]=______-.8>(10
S00

N3H+= N3 +H~
(0.1-x) XXy
Ax+y)
0.1-x)
HOCN= OCN™ +H"
(0.08-y) »
»a+y)
0.08- v
[Both are weak, thus 0,1~ x = 0.10.08- v 0.08]
Knme _ aee vyl
Kyoen MW+ v) 008
36x107 008
axi0t 0y

Kyw =

x+y

Kyoen =
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69.

70.

7.

72.

73.
74.

75.

76.

7.

78.

or x _3.6x107°

=0.5625
Y 64x107
Kb, 8x10~4 = 2+ ¥) _ y(0.5625y+ y)
0.08 0.08
or 1.5625 y% =8x 107 x 0,08

_ [8x107* x0.08
or =,|8X10  Xx0.08 _ -3 =
y 15625 =6.4x10" =[OCN"]

x=0.5625x6.4x10"> =3.6x10™> =[N3 ]
H' =6.4x107 +3.6x1073 =10x10~ =107

e pH =2
(a) Given 2NH3; — NHI +NH;
- INHL JNH3 )
[NH; )% (1)
+ -
or 346x10°27 = g JINH2 ]
(58.82)?

[NH3]=%= 5882 M
< [NH} ]=[NHz ]=3.46x10""* M
=6.023x10% x3.46x1071?
= 2.08x 10'2 anions /litre
= 208x10° anions /mL
(©) K,y of AgCl=1x107"0 =52
S =105 mole1 =107 x 143.5 g/l
=1.435x10" g/l=1.435 mg/l
1.435 g of AgCl requires 1 litre

4305 g of AgCl requires IT:;;)S =3 litre

(c) KH,PO4 +H3POy4, KH,PO4 +K2HPO4
and K, HPO4 +K3PO4
@ (Agt]=—2,
g [C17]
Addition of C1~ shows a decrease in [Ag* 1.
or [Ag*]e< L (K 5p is constant)
[c1”]
(d) PbSOy is insoluble. Hz Sprecipitates both CuS and PbS.
(a) AgF is soluble in water.
(c) K2504 and (NHy4 )2 CO3 both are water soluble
K,COj3 +(NHy )2 S04 —> K2804 + (NHy4 ), CO3
(a) pH of 0.1 MHC1+0.1 M CH3 COOH is lowest as it has
strong acid and CH; COOH

(a) H*1=10"*
(H*1=10"
10 times more acidic than H*1=10""
(a) [H* ]=3x107

pH=3-log3

79.

81.

82.

86.

. (©) [k |

pOH=14-3+log3=11 + log3
(b) meq. of dil solution = meq. of conc. solution
Nx1000=10x107*

107 _ -6
E —— O
N=1000=!

H* =107¢ +1077 =1.01x1077
o pH>6
(a) meq. of HC1=10x 0.1 = 1
meq. of S((OH); = 10 x 0.01 x 2=0.2
meq. of HCl left=1-0.2=0.8

4
= - = _=—log4+ 00
pH log1 og 4 +log 1

=2-0.6020 = 1.3979
(d) Lesser amount of energy is required for dissociation of
acetic acid or acetic acid is stronger than HCN.

o1 _ [0.001 _ 151 _01

or —_—

- (@) H,0+H"'— H;0"

H30" +H;0 — H;0}
H,0+O0H — H303
|10
“Vkaky Y1075 x10*
=3.16x1072

_1
PH—-ipKw+%pKa -%pr

=10°°

=9-25=65
(a) Solubility of AgCl in NaCl is lower than H;O0. Also
other orders are derived by Debye-Huckel limiting law.
@ AgNO; +KCN — AgCNL +KNO,
AgCN+KCN —> KAg(CN),
or A%I:l)g)3+2]%(;,‘N — K[Ag(CN); ]+KNO;
0.0 0.04 o.?n
[Ag(CN);]” == Ag" +2CN"
+
Ko <[ABTION" 1 _ [Ag* J[0.04)
[Ag(CN) ] [0.03]
=4x107"
[Ag*1=75%x10"18 M

0
0.03
For




87. (b) 2,303 log Km . M[Tz =1 ]

Kpr RLTT

2,303 log 1:39X107 _ Mx[m-zas]
7.47x10°° 2 [288x298

AH =10.66 k cal mol ™"

A 60 _ 3
a-—i — —
e 40020 013

Now HY = Ca = 0.1x <.
[H" |=Ca l><20

88. (a)

pH = - log H*

=~| i-
og 200 -0.4771+2.3010

- 1.8239
2 2
o K, = Co _01x(015)
(I-a) (1-0.15)
=2.65%107
HA==H" +4"
Acid Conjugate base
pKayy + pKb - =14
PKayy '%-7('-' pKayy + pKb ;- )
Ky=10""

[H* )= yKaxC =10"7 x0.001 =10~
o pH=5

90. (b) Maximum bufYfer capacity = pKat |
[conjugate base] _

lacid]
Thus milli mole of acetic acid taken = 500 x 1 = 500
milli mole of acetic acid to be neutralised = 250

milli mole of KOH required = 250

5—‘:'5xl000=250

wkoH =148
91. (b) Let solubility of HCOOAg be a mol/litre
H' +HCOO™ == HCOOH
103~ a -
- .

89. (c)

This is possible when

(buffer)
Since HCOOH is a weak acid and has low degree of
dissociation. Also its dissociation is suppressed in

presence of H* . Thus,
HCOOH == H* +HCO00"
Kaw LB J[HCOO™
[HCOOH]
K4 x[HCOOH] 1073 xa
(H*) 107
=ax107?

or

[HCOO™ |=

Also for HCOOAg :
HCOOAg(s) #== HCOO (aq.)+ Ag* (aq.)

Numerical Chemistry

Ksp=5t=(072)2 =10
Also  Kgp =[HCOO ][Ag"]
10 =ax107% xa
- a=10"" =0.1M
92. (a) Lesser is Ka, weaker is acid (HPOZ" ), stronger is its
conjugate base (PO, )

93. (c) [cm2]=95‘§=o.2sm
[4™]=2%0.25=0.50M
A~ +H,O=—HA+OH"
“\=C-h= /K_ﬂ
[OH™)=C-h=C |2
_ [KwC _ 107" x05
VK 8x 107
=v6.25x107'2 =2.5%107°
pOH = 5.60
or pH=14-5.60=8.40
_z 0059 + .
94. (b) Ecen —Eorwu, =g log [Ag ™ ILHs +ERP~,,~
+80%%10g [Ag* Jpus
at equilibrium Ecg; = 0and Eg =—E;
q con =OandEop ERPM.M'
0=2059,,, [Ag" Irus
2 [Ag* lLus
[Ag”* Jrus
or  ——===1 or [Ag*)rus=[Ag" lus
[Ag* ILus
AtLHS :

[Ag*1?[COZ 1=K sp Ag;CO; =8x10712
12 _6
[Ag® ‘8x|02- _22x10
Vcod 1 ficor)
AtRHS : [Ag* )[Br™ )= K sp agp; =4x107"

[A8+ ]- 4)(]0-]3
(Br~)
4x107" _ 2/2x10"
(Br"]  Jicol)

or =y2x10"7

(co)
98, (d) Ag2C204 (5)7=2Ag '+ C,07
2 s
Given [Ag" |=2vm22x10™
sml1x10™
Kyp= (Zv)z.xs- 4

wd(11x107) = 5.3x107"?
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. The correct acidic strength order is :

(a) HCIO <HCIO, <HCIO3 < HCIO,
() HCI04 <HCIO3 <HCIO; < HCIO
(c) HCIO <HCIO4 < HCIO3 < HCIO,
(d) HCI04 <HCIO; < HCIO; < HCIO
. For a sparingly soluble salt 4 pBg, the relationship of its
solubility product L, with its solubility (S)is: (IIT 2001)
@) Ls =5P™0-pP g7 (b) Ls =SP*9. p¥.qP

() Ls =SP-pP.q7  (d)Ls =SP7 - (pq)P*?

- The correct order of acidic strength is : (1IIT 2002)
(a) CaO <CuO <H,0<CO0,

(b) H,0 <Cu0 <Ca0 <CO,

(c) CaO <H,;0<Cu0<CO,

(d) H,0 <CO; <Ca0 <CuO

. H 3 BO 3 is:

(a) monobasic and weak Lewis acid
(b) monobasic and weak Bronsted acid
(c) monobasic and strong Lewis acid
(d) tribasic and weak Bronsted acid

. A solution which is 10> M each in Mn2*,Fe?*,Zn?*
and Hg?* is treated with 10~ M sulphide ion. If K 5, of
MnS, FeS, ZnS and HgS are 1075, 107,107 and

1074 respectively which one will precipitate first ?
(IIT 2003)

(IIT 2001)

(IIT 2003)

(a) FeS (b) MgS

(c) HgS (d) ZnS

. A weak-acid HY has the dissociation constant

1x10~° M. It forms a salt NaX on reaction with alkali.

The degree of hydrolysis of 0.1 M solution of NaX is:
(IIT 2004)

(2) 0.0001% (b) 0.01%

(c) 0.1% (d) 0.15%

. 0.1 mole of CH3NH, (Kp =5x107*) is mixed with

0.08 mole of HCI and diluted to one litre. The [H*]in

solution is : " (ITT 2005)
(a)8x1072 M (b)8x10's M
(©)1.6x107' M (d)8x107° M

. The species present in solution whenCO3 is dissolved in
water : (IIT 2006)
(a) CO,, H,CO3, HCO3,C0%™

(b) HC03,C03"

(c) CO3™,HCO3

(d) CO,,H,CO3

10.

11.

12.

13.

14.

15.

16.

2.5mL ofgsﬂ weak monoacidic base (Kp =1x 10712 at
25°C) is titrated with 240 HCI in water at 25°C. The
concentration of H* at equivalence pointis: (IIT 2008)
@3.7x107% M (®)32x10" M
(©)32x107° M (@27x1072 M

Solubility product K, of salt of type MX, MX, and
M3X at temperature 7 are 4.0x107%,32x107" and
27x107" respectively. Solubilities of these salts in mol
dm ™ at temperature 7 are in the order : (IIT 2008)
(8) MX > MX12>M3X (b) M3X < MX3 > MX

() MX3>M3X >MX (d) MX > M3X > MX;
The dissociation constant of a substituted benzoic acid at
25°C is 1.0x 10~ The pH of a 0.01M solution of its

sodium saltis: (IIT 2009)
(a) 10 (b) 8
(c) 12 )6

How many litres of water must be added to 1 litre of an
aqueous solution of HCI with a pH of 1 to create an

aqueous solution with pH of 2 ? [JEE (Main) 2013]
(a)20L b)90L
(¢)0.1L (d)0SL

The Kg of AgoCrOy4 is 1.1x107!2 at 298 K. The
solubility (in mol/L) of Ag,CrO4 in a 0.1 M AgNO;

solutionis: " [JEE (Advanced) 1 2013]
(a) 1.1x10™ ®)1.1x10710
(©)1.1x10712 (d)1.1x107°

The initial rate of hydrolysis of methyl acetate (IM)bya

weak acid (H4, 1M) is 1100™ of that of a strong acid
(HX, 1M), at 25°C. The K, of HA is : .

— [JEE (A;lvnneed) 112013]
a) 1 x (®)1x10™
(¢)1x1078 (d)1x1073

pK, of a weak acid (HA) and pK;, of a weak base (BOH)
are 3.2 and 3.4, respectively. The pH of their salt (AB)

solution is : [JEE (Main) 2017)
(a) 7.2 (b) 6.9

(c) 7.0 1.0

In the following reactions, ZnO is respectively acting as
a/an: [JEE (Main) 2017)
(1) ZnO + Na30 — Na;,Zn0,

(2) ZnO +CO,; — ZnCO;4

(a) base and acid (b) base and base

(c) acid and acid (d) acid and base
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III—III

1. (a)
2. (a)

8. (a)

9. (d

nghcr is the oxidation number of central non-metal,
more is acidic nature.

ApBy == pA* +qBP”
pS gS
Ko =(pS)P(¢5)?
=pp.qq.(S)P+q

~ CaO is strongest base, CO,is acidic. Also, CuO is

strong base than H, O.
H3BO3; +OH” — B(OH); +H*
Accepts lone pair of electron thus Lewis acid but weak.
K of HgS is minimum and thus possesses less
solubility. Note all salts are AB type.
= JEH o | Ky
c K, -C
10—14
105 %0.1
=107*
or h=10"x100=10"2 = 0.01%
CH3NH, + HCl— CH3NH; CI
0.1 0.08 0

0.02 0 0.08
This is basic buffer solution.

- [base]
PO = Ky X e aid]

—4  0.02 —4
= —<=1.25x10
5x%10 x0.08

1078

]=_“L“_=___1°'“_4 =8x10""'M
[OH"] 1.25x10
All the following equilibrium exist together
CO; +H, 0= H;CO;3
H,CO3 ==H" +HCO3;
HCO3 ==H* +C0%"
BOH + HCl — BCl + H,0
Megq. of BOH = Meq. of HC] = Meq. of BCI
2

2.5x%x1=VxExl=l

V=75mL
Total volume =2.5+7.5=10 mL

Thus,  [BCl]= llo =0.1

H*

Kw

2
Now for hydrolysis of BCl; Ky = %'f_h X

10. (d)

11. (b)

12. (b)

13. (b

15. (b)

16. (d)

h=027
or [H*]=c-h=027x0.1=2.7x107 M
Solubility of MX,MX ; and M3 X are respectively

s=JK, =v4x1078 =2x10™ M
Ko _4)32x1074 =
=i’._.=<"——=2xlo M
5=y 4
-15
S=4’£’£_=4,£M0_=1x1o"‘1w
27 27

CgHsCOO™ +H, 0= C4gHsCOOH+OH™

1= - ﬂ.:
[OH ]-ch—c" =

107 x0.01 _ 56
1x107#
[H*'1=10"% or pH=8
meq. of I HC1 = meq of Il HCI
1x107'=¥ x1072
V=10 litre
.. volume of water added = (10— 1) =9L
onic product of Ag,CrO4 =[Ag "7 [Cr0;”]
=(25+0.1)2 xS =1.1x10712
neglecting S as compared to 0.1
§=1.1x1071°
Rate = K[Ester] [H"]
For strong acid [H" ] =1 M

For weak acid [H*] = JITC‘.

K,c

Rate; _[H" ), for strong acid
Rate;  [H*), for weak acid

1 1 .
—_—= C = 1 M for weak acid)
1/1 Ka x1 (

Ko=10"M

PH=7+1(pK, —pK))
= 7+%(3.2— 34)

=69
In (a), Na; Ois basic oxide and thus ZnO acts as acidic
oxide.

In (b), CO, is acidic oxide and thus ZnO acts as basic
oxide.
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OBJECTIVE PROBLEMS (More Than One Answer Correct)

. Which one is not acidic salts ?

(a) Na;HPO4 (b) NaH, PO,

(c) NayHPO; (d) NaH, PO,

. The resulting mixtures which act buffer are :

(a) 10 mL 0.1 M HC1+ 20 mL 0.1 M NaCN

(b) 10 mL 0.1 M NaOH + 20 mL 0.1 M NH4CN

(c) 10mL 0.1 M NH40H +20mL 0.1 M CH;COONH,

(d)10 mL 0.1 M CH3COOH + 20 mL 0.1 M
CH3COONH4

. Which one is correct for the saturated solution of

Ca3(POy); saltifits K, is 2.05 x10733 2

(a) Solubility of Ca3PO4 is 1.63 x10™5 M

(b) [Ca?* ). =4.9x1076 M

(©) [PO3 Jeq. =326 X107 M

(d) [Ca3PO4]eq. = Zero

. Which of the following are correct ?

(a) Aniline is a weak-acid in acetic acid

(b) Ammonium salts act as acid in liquid NH3

(c) The reaction CsF + Lil —— Csl + LiF is acid-base
reaction

(d) HCl acts as base in HF.
. Which of the following acid-base reactions are possible?

(a) PH3 +NH; —> PH; +NH;
(b) NH3 +PHj — NHj +PH3
(c) (CH3)3P+NH} —— (CH3)3P*H+NH;
(d) (CH3)3N +PH} — (CH3)3NH" +PH;

. Select the correct statements :

(a) All Bronsted bases are Lewis bases
(b) All Bronsted acids are Lewis acids
(c) All Arrhenius acids are Bronsted acids
(d) All Arrhenius bases are Bronsted bases

. The correct acidic orders are :

() Li* <Be** <B*
(d) NF3 <NCl3 <NBr3

(@) Li* >Na* >K*
(c) Fe>* >Fe?* >Fe”

. Select the correct statements :

(a) HCN is weak acid .

(b) Reaction of HCl(g) and NHjq) is Arrhenius
acid-base reaction

(c) Pure H,S04 and HCIO4 do not conduct current but
in presence of each other they are good conductor

(d) Mn ;07 is acidic oxide.

. The oxo acids of P,O5 are :

(a) H3PO4 (b) H4P207

(c) HPO;3 (d) Hj PO3

10.

11.

12.

13.

14.

15.

Which of the following statement(s) is (are) correct?
(a) pH of 10 x107'® M solution of HCl is 8
(b) The conjugate base of HyPOZ is HPO3~
(c) Autoprotolysis constant of water increases with
temperature
(d) When a solution of a weak monoprotic acid is titrated
against a strong base, at half-neutralisation point
pH=(1/2) pKq
A buffer solution can be prepared from a mixture of :
(a) sodium acetate and acetic acid in water
(b) sodium acetate and hydrochloric acid in water
(c) ammonia and ammonium chloride in water
(d) ammonia and sodium hydroxide in water
In a buffer solution of NaH, PO4 and Nay HPOy :
(a) NaH,POy is acid and Na, HPOy is salt
[HPOZ™ ]
(b) pH=pK, of H3PO4 +log ———
[H2PO%]
(c) NapHPOy is acid and NaH; POy is salt

(d) pH=pK3 of H3PO4 + logB:I—ZPL;]
[HPOZ ™ ]

Select the correct statments :

(a) The K, values for H,SO3 is 1.3 x1072

(b) H,SO3 exist in only minute concentration in
aqueous solution of SO,

(c) The K,,, values of H,SO3 refers for the process
H,80; ==H" +503"

(d) The K,, value of HySO3 refers for the process
SO2+H0==H" +HSO3

& o (ag)  (aq)

Select the correct statements :

(a) HF is a weak acid

(b) The strength of weak acids increases with dilution
(HA=H" +4"7)

(c) The strength of HF increases with concentration
(HF=H"* +F")

(d) The F~ furnished by HF reacts with HF to give HFy
and thereby shifting the reaction to right

An aqueous solution of HNOj3,KOH,CH;3;COOH and

CH3COONa of identical concentrations are provided.

The pairs of solution which form a b ixi
nn a buffer upon mixing

(a) HNO3 and CH3COOH e
(b) KOH and CH3COONa

(c) HNO3 and CH;COONa

(d) CH3COOH and CH3COONa



16. The correct statement(s) for orthoboric acid is/are :
[JEE (Advanced) 2014)
(a) It behaves as a weak acid in water due to self
ionization.

Numericsl Chemistry

(b) Acidity of its aqueous solution increases upon
addition of ethylene glycol,

(c) It has a three dimensions) structure due 1o hydrogen
bonding,

(d) It is a weak electrolyte in water,

|| o EmEE e [

1. (b,c)H3PO, is monobasic and H3 POj is dibasic.
2. (abcd) HCI + NaCN — NaCl + HCN

10x0.1  20x0.1
=1 =2 0 0
0 1 1 1

[HCN]=%and [NaCN) = 516

3. (abcd)  Caz(POg )y +3Ca?* +2P0}"
3s 2s
Kgp =2.05%1073 =108°
s=1.63x105M
[Ca?*]=3x1.63x10"5 =4.9x10° M
[PO3™]=2x1.63x107 =3.26x 10m
[Ca3PO4]eq. = 0, because all the salt is in ionic state.
4. (b,c,d) Aniline is strong base in acetic acid. NH3;) ionises
as:
2NH; == NH, + NHy;
CsF + Lil — Cs + LiF
Soft-hard Hard-soft Soft-soft Hard-hard

This reaction is an interesting example of soft
acid-hard base and hard acid-soft base combination

HF+HCl— F~ +H,C1*

S, (b,c)Proton affinity of NHj is greater than PHj. Proton
affinity of (CHj )3 P is greater than NH3.

6. (8,c)NaOH is Arrhenius base but not Bronsted base. HCI
is Bronsted acid but not Lewis acid.

7. (a)b,c.d)Higher is effective nuclear charge more is acidic
nature of Lewis acid cations. The increasing
electronegativity from I to F in NX 3 give rise to lesser

tendency for N to donate electron pair as it acquires,
more +ve charge on N-atom.

8. (a,b,c,d) Arrhenius concept is in aqueous medium
HCIO4 +H, S04 — H3S0], +CI0}

Mn ;07 + H,0— ZHMnO4
Acid

9. (a,b,c) EachhasP* state.
10. (b,c) HCl is acid; for (d) pH =pK,

11. (a,b,c) For (b) CH3 COONa+ HCl— CH3; COOH+ NaCl
more less

12. (ab) HPO?™ is conjugate base of H,POj and thus.

13. (a,b,d) Choice (b) is correct explanation for HSO;.

14. (a,b,c,d) All are facts. Choice (d) is correct explanation for
HF in aqueous medium.

15. (c,d)CH3COONa (in more amount) than HNO; forms 2
buffer mixture of (CH3;COONa+CH;COOH) in
solution.

16. (b,d) Orthoboric acid H3BOj is a weak monobasic Lewis acid
as it accepts OH™ ions

H3;BO3 + H—OH+=—=B(OH); + H*

The equilibrium is shifted in forward direction by the
addition of ethylene glycol (a syndiol) which forms a
stable complex with B(OH);.

X

(stable complex)

It has a planar sheet liko structure due to gp* hybridization
of B atom as well as hydrogen bonding.



lonic Equillibrium

COMPREHENSION BASED PROBLEMS

Comprel,enllon 1 : Solubility of a substance in its
saturated solution can be derived from its X sp values. Higher is
?he Kp for same type of. compound more is the solubility. If
is the solubility in moV/litre then Ky, of a compound 4, B, is
expressed as =¥

Ko =x*- y?[ST*
Consider a compound M (OH), having = Ky, =27 %1072

and solubility in pure water is 10~ mol litre ™"
[1] The value of xis :

(a1 ()2
©3 d)4
[2] The solubility (in M) of M(OH), in 0.1 M NaOH
solution is :
(a)2.7x10710 (6)2.7%107
(€)2.7%1078 (d2.7x10™*
[3] The solubility (in M) of M(OH), in 0.1 Ca(OH);
solution is :
(a) 6.46 x107* (b)2.7x1078
(©)27x107* (d)3.375%10°

[4

The solubility (in mole/litre) of M(OH), in
0.1 M(NO3 ), solution is :
(a)2.15x107™* (b)2.15%107°
(c)2.15x1078 (d)2.15x1077
Comprehension 2: K; of CH3COO" is 5.26x107'0,
Calculate for 0.01 N solution of sodium acetate.
[1) Hydrolysis constant of' CH;COO™ is:
(a) 5.26x1071° © (b)5.26x107"!
(c) 5.26x10712 (d)5.26x107°
[2] Degree of hydrolysis of CH3COO™ is :
(a)2.29x1078 (b)2.29x107*
(c)2.29x107> (d)2:29x107°
[3] pH of solution is :
(a) 8.56 (b) 5.44
(c) 8.36 (d) 9.56
Comprehension 3: Oxides of metals are usually basic

and oxides of non metals are usually acidic. However some
acidic oxides of metals and neutral oxides of non metals such
as N,0,NO, CO, H;0 are known.
(1] Which of the following oxide is acidic ?
(a) Cr,03 (b) CrO3
(c) MnO, (d) MnO
[2] In the reaction of CO with NaOH at high P and T'to give
sodium formate, CO acts as
(a) acid (b) base
(c) neutral (d) amphoteric

[3] Number of OH gp present in H,PO; are:

(a) 1 (b)2
(©3 (d) none of these
Comprehension4: The dissolution of ammonia gas in

water does not obey Henry's law. On dissolving, a major
portion of ammonia, molecules uniter with H20 to form

NH4OH molecules. NH4OH again dissociates into NH: and
OH" ions. In solution therefore, we have NH3; molecules,
NH,OH molecules and NHj ions and the following
equilibrium exist :

NH3 (g) (pressure P and concentration C) initially ==
NH; (/) + HHO=NH4OH— NH; +OH~

Let C; mol/L of NH3 pass in solution state a part of which
on dissolution in water forms C; mol/L of NH4OH. The
solution contains C3 mol/L of NH ions.

[1] Total concentration of ammonia, which can be
determined by volumetric analysis is equal to :

(a)C1+C2 (b)C|+Cz +C3
© C +C; d)Cy +C;
[2] Concentration of undissociated ammonium hydroxide is :
(@ C +C; (b)C2 -C;
(©)C, +C; @c -C;
[3] Degree of dissociation of ammonium hydroxide is :
@) C b)C3/C,
©C/C dCy/Cy

[4] If pis the partial pressure of ammonia at equilibrium,
t}!en which of the following is constant? o is degree of
dissociation of NH3.

p
@2 £
C, ® C
p
©) = £
C, @ Cs
[5] The dissociation :onstant of NH4OH can be given as :
(€3) i
(a) Kb = = (C;)
C2-Cy) (byKs = C;
C
OKp=es (K==
G-y Wk-gq
[6] The pH of solution can be given by :
(a) pKy +1logCy
1 1
(®) pKy, —3PKp +3 logCy
1 1
(©) PK, +5logCy +5PKp
(d) either of these
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Comprehension 5: The pH of pure water at 25°C and
60°C are 7 and 6.5 respectively. HCI gas is passed through
water at 25°C till the resulting 1 litre solution acquires a pH of
3. Now 4 x10™> mole of NaCN are added into this solution.
Also a fresh 0.1 MHCN solution has pH 5.1936. Now in the
one part of solution obtained after addition of NaCN, one
millimole of NaOH are added and in the second part of this
solution 0.5 millimole of HCI are added.

[1] The heat of formation of water from H* and OH™ is :

(a) 13.06 kcal (b) — 13.06 kcal
(c) 16.32 kcal (d) — 16.32 kcal
[2] The volume of HCI passed through the solution at 25°C
and 1 atm s :
(a) 24.46 mL (b) 2.446 mL
(c) 244.6 mL (d) 0.2446 mL

3]

4]

[51

[6]

71

Numerical Chemistry
The dissociation constant of HCN is :
(a) 41x10710 (b) 41x107°
(c) 41x1072 (d)41x1078 o
The degree of dissociation of 0.1 M HCN solution is :
(a) 64x107 (b) 64x107>
(c) 64%1072 (d)64x107°
The pH of resulting solution after addition of NaCN is :
(a) 9.86 (b) 8.86
(c) 6.86 (d) 5.86

The pH of resulting solution after addition of 0.1
millimole of HCl is :

(a) 9.68 (b) 9.39

(c) 9.21 (d) 9.98

The pH of resulting solution after addition of 0.05
millimole of NaOH is :

(a) 10.23 (b) 11.23

(©) 923 (d) 8.23
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L cmmm——

Comprehension 1

[l (© M(OH), ~—M“+x0H'
Xs
Kgp=x -(S)""‘ =27x10712
x=3
@ © Ko =[M*™*]JIOH™ I* =[M** JOH™ P
27x1072 = 5 x[35 +0.173 [35 <<< 0.1]
~12
§=2XI07 5 9x10°
(0.1
B @ Ky =[M* {00 P
27x107"2 = § x[35 +0.2]3[35 <<< 0.2]
-12
§ =210 _ 3375107
(02)
[4] (a) Ko =[M*)[OH P
=[S +0.1)[35]° [S <<< 0.1]
2753 = 27x107"
0.1
§=2.15x10"*
Comprehension 2
For CH3 COONa + H, O == CH3 COOH + NaOH
Before hydrolysis 1 0 0
After hydrolysis (1- k) h h
K,, for CH;COO™ =5.26x10710
o for cn; COOH=19x1073
—I
[1] @ Kuy= 5__ = _——— =526x1071°

Ks 19x107°

K 26x107! -4
2] ®) , Eu ’5 X —|=220x10

[3] (c) [OH™]from NaOH, a strong alkah =Ch

=0.01%2.29x107*
=229x10°° M
pOH=5.64 .. pH=836
Comprehension 3 ‘
[1] (b) Some metal oxides in their highest oxidation state are
acidic.
[2] (&) CO+NaOH—ZL—HCOONa
acid  base (salt)
i
3] (@) Ho—1|’= (o]
H

Comprehension 4

[1] (b) The intermediate solution of acid will react with all the
NH; present in solution.

[2] (b) NH4OH left undissociated = C; —C3.

Mole of NH4OH dissociated _ C C3
B ) e Total mole g%
[4] (a) Acc.to Henry’s law a e Pny,
Where ais the amount of gas dissolved per unit volume
of solvent.
or CNH, > PNH,

. )

Cne, G
[5] (@ NH4OH— NH' +OH_
(o o c
(C2-C3) Cs 3
2
G
_C3
NH4OH+=NH; +OH"
1=0 c, 0 0
Ateq. Cy(1-a) Ga Ga
Also Ca=C3
- [OH ]=C;
or pOH =-log C3
~pH=pK,,—pOH= pK,, +logC3
Also[OH 1= Ga =C; ,%h =JK; G
2

Kb=c

(6] @

~ pOH= —%logKb -logC,
;PKI, ——logC2
. pH:pKw-pOH=pKw_%pr+%hsC1
=Ko +1pKs + 1l0gCy
Comprehension 5
(1] (b) At25°CpH=7
K,=10"

At60°C,pH=6.5
=H'+OH"; AN=?

H,0
-13
2.3031og 12 =M[¢
10" 333% 298

. Ky =107",

= 1306 keal
H +OH™ - H,0; AH = =106 keal
2] (a) pH of solution after ?assage of HCl =3
: [H* =107 M or [HOl=10" N
PV = nRT
IXV =10 xQ0821x 298
V = 2446l

From
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Bl @ H$N=HJ+CN‘
- a uo
Also H+ =co= K—a=
[H"] C" ;" VKac
or —log H* ———;UogK,, +log c]
51936= -% [log K, +log Q1]

8 K, =41x10710
[4] (@ Kq=C-a? for HCN
41x107'% = QIx a2
a=64x10"°

Numerical Chemlstry
51 (a) HCl + NaCN——) NaCI + HCN
o o’,‘(}& 0. 001 0. 00|
. s [conjugate base]
. pH=pK, +log facid]
0003 _
=93872+log —— 0001 9.8643
[6] (b) H+ + NaCN— HCN
0.001 0.003 0.001
0 0.002 0.002
. _ 0002 _
. pH=93872+1log 0002 93872
[71 (a) NaOH + HCN —— NaCN
0005 0.003
o o ooos 0.0035

00035
H= =
. pH=93872+log ——= 00005 102323
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In each sub question given below a statement S and
explanation E is given, Choose the correct answers from
the codes a, b, ¢ and d given for each question :

(a) S is correct but E is wrong

(b) S is wrong but E is correct

E‘C) sBoth S and E are correct and E is correct explanation
or

(d) Both S and E are correct but E is not correct
explanation for S

1. S : The pH of a basic buffer mixture is given by :

4.

w2

w»

7]

= »

w»

<]

w»

(]

=

= »

w

[base]

H=pK, +log——————
PSR g[conjugau: acid)

: The pH of an acidic buffer mixture is given by :

[conjugate base]

H=pK, +1
PH=PRa + 108 ™1 o]

: On passing HCI(g) through a saturated solution of

BaCl,, a white turbidity appears.

: The common ion effect is responsible for white

turbidity.

: Degree of hydrolysis and pH of a salt say NH4CN is

independent of concentration of NH4CN.

: The solution of NH4CN in water has pH slightly

greater than 7.

: In a pair of two electrolytes one having higher value

of K g is more soluble in water than the other having
lower value of Kgp.

Solubility of electrolyte depends upon K, as well
as on the nature of electrolyte. .

HgCl, and SnCl, cannot coexist in a solution.

Increase in concentration of C1”in solution brings in
precipitation of either of them.

: The solubility of Hgly in water decreases in

presence of KI.

: Hgl, is insoluble in water but it becomes soluble in

Kl(ag). y ;
The pH of NH4OH(aq) decreases on addition o!

little NH4Cl in it.

: The pH of NH4CI brings in decrease in degree of

dissociation of NH4OH due to common ion effect.

: The[H*]in10~® N HClis1.05 x1077 M.
. The H* is obtained from HCl and H20 ; the later

furnishes less H* than 10~7 due to common ion
effect.

: HCI acts as weak base in liquid HF but weak acid in

acetic acid.

10,

12.

13.

14.

15.

16.

17.

18.

19.

20.

E

.-

=

=

»

]

]

The tendency to act as acid or base slso depends
upon the nature of other substance to accept or
donate a proton,

: Cu*, Ag* are soft acids whereas CN ™, H™ are soft

bases.

Soft acids do not possess noble gas configuration
whereas soft bases have donor atom of easily
polarised nature,

Metal oxides are usually either acidic or amphoteric
but Mn 07 is acidic,

On dissolution in water, Mnz04
manganic acid.

forms per

: The dissociation constants of polyprotic acid are in

the order K| > K3 > K3.

: The [H*] furnished in first step of dissociation

exerts common ion effect to reduce the second
dissociation so on.

All strong acid in water show almost same acidic
nature.

: This is due to levelling effect of water on account of

its high dielectric constant and strong proton
accepting tendency.

: CCl4,CgHg and liquid SO, are aprotic solvents.
: Aprotic solvents do not influence the acidic or basic

nature of solute.

: The acidic nature of some cations is :

Al3+ >Bc2+ >Na* >K+

: More is the effective nuclear charge on cation more

is its acidic nature.

¢ Acidic nature of boron trihalides is in the order :

BF; <BCl; <BBr; <BI3

: Basic nature of nitrogen trihalides is in the order

NF3 >NCl3 >NB!'3 >NI3
High P

: CO+NaOH———— HCOONa.

High T

: CO although being neutral can acts as acid in the

given reaction.

: The dissociation constant of water at 60°C is 1013
: The pH of water is 6.5 and that it behaves as acid at -

60°C.

¢ Salting out action of sodium soap in presence of

NaCl is based on common ion effect.

: Salting out action of soap is based on the fact that as

the concentration of Na™ increases, the RCOONa
shows precipitation because[RCOO™ ][Na *]> K g,.

: Hydrolysis of salt is an exothermic phenomenon.
: It involves breaking up of water molecule of

produce acid and base respectively.
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21. S: 0.1 M NaCN + 0.05 M HCl solution on mixing in
equal volume form a buffer solution.
E : The solution after mixing contains a weak acid and
its conjugate base and thus act as buffer.
22. S: The pH of NH4OH remains unchanged on addition
of NH,4CL
E : Addition of NH4CI suppresses the dissociation of
NH4OH due to common ion effect.
23. S: Heat given out during neutralisation of NaOH and
- HF is —13.7 kcal/eq.
E: F~ ion is more easily hydrated and thus heat of
neutralisation of HF and NaOH is more.
24. S: The pH of pure water is less than 7 at 60°C.
E : As the temperature increases, pure water becomes
slightly acidic.
25. S: The pH of human blood at body temperature is
found to be 6.9.
E : Blood is alkaline in nature.
26. S: Solubility of AgCl is more in conc. HCI than in
water.
lonic Equilibrium

27.

28.

29.

30.

31.

32.

o]

HE v m®»n

7]

H »m

: In water orthoboric acid behzves zs =

Numericz! Chermistry

: AgCl form a complex with conc. HCI znd dus

solubility of AgCl increases in conc. HCL

: All Arrhenius acids are also Bromsted zcids.
: All Bronsted bases are also Lewis bzszs.

: CI™ is weak base than CoHsO ™.

: Stronger is acid, weaker is Ifs conjugz:s besz.
: H3BOj in water behaves as monobasic zcid.
: The ionisation reaction is -

H3BO3; +H,O——=B(OH); + &

: Solubility of AgCl is less in 0.1 3¢ NzCl tfzn in

water.

: In presence of NaCl, the solubility of Az(l is

lowered on account of common ion e
WEEC
monobasic acid.

: Inwater orthoboric acid behaves 2s 2 proton domer.
: HNOj isastronger acid than HNO-.
: In HNOj there are two nitrogen-so-oxygen bonds

whereas in HNO, there is only ona.

ANSWERS (Statement Explanation Problems)

1.

17.

18.

19.

(@

. (a)

. (d)
4. (b)
5 (a)

(®)

. (©
. ()
. (©
. ()
. (©
. ()
. (c)
. (c)
. (©)
. (a)

©
(2)

(b)

For basic buffer pOH = pK , + log w

ase]
. pH=pK, - pOH
This is not common ion effect (At least one should be
weak electrolyte). Here product of ionic concentration
exce_eds K sp of BaClz 5
NH4OHis relatively stronger than HCN.
Kgp=pP-q7-sP*9 for 4,B,.
SnCl, +2HgCl; — SnCly +Hg,Cly |
Hg1Cl +SnCl; — SnCly +2Hg |
This is redox change.
Hgl; forms soluble complex with KI
2KI+ Hglz e Kzth
Explanation is correct reason for statement.
—do—
—do—
—do—
—do—
Explanation is correct reason for statement.
Explanation is correct reason for statement.
Explanation is correct reason for statement.
Explanation is correct reason for statement.
Statement is correct due to back bonding in boron. In
nitrogen halides the order s
NF; < NCl3 < NBr3 < NI3. On account of decreas.m.g
electronegativity of halogens, in NF3, the lone pair is
not released easily, due to more +ve charge on N.
COis acid, NaOH is base and salt formed is HCOONa.
K, = 10713 at 60°C . pH = 6.5; but water is neutral
because pH scale contracts to 0to 13.
RCOONa — RCOO™ +Na*; In presence of NaCl,
[Na* ] increases and [RCOO™ ][Na* ] exceeds than
K sp of RCOONa.

20.
21.

22.

23.

25.

26.
27.
28.
29.
30.

31

32.

(b)
©

(b)

(®)

(@)

(G

©
()
©
©
()

»

(@

@

Breaking up of bonds is endothermic.

NaCN+HCl — NaCl + HCN
01 005 0 0
005 0 005 005

The solution contains a weak acid HCN and its
conjugate base CN ™ and thus acts as buffer.
The dissociation of NH4 OH is suppressed in presence
of NH4Cl and thus pH of NH4 OH decreases.
Hea!givenomdmingcompletcnamalimkmof_}ﬂ-'
and NaOH is — 16.4kcal/eq. due to extensive hydration
of F~ on NaF account of its smaller size.
The scale of pH (0 to 14 at 25°C) changes to (0 to less
than 14) as the temperature rises because K ,, of water
increases with temperature. Note that [H* ]=[OH" ]
and thus water remains neutral.
Blood is alkaline and at body temperature (98°F) scale
of pH lies between 0 to 13.6.
Explanation is correct reason for statement.
All Bronsted bases are not Lewis bases.
Explanation is correct reason for statement.
Explanation is correct reason for statement.
The equilibrium AgCl(s)——=Ag"* +ClI~

Ky =[Ag7][CI7]
if [C1™ ] increases, the equilibrium is shifted in the
backward direction, i.e., solubility of AgC] decreases
in presence of NaCl. Note this is Le Chatelier’s

principle application to solubility product. In common
ion effect, there must be a weak electrolyte.

B(OH); +H,0+—=B(OH); +H"
(0]
+5 +3
HO— N 7 HO— N=O0
\'0



592

Numerical Chemistry

mmmmm MATCHING TYPE PROBLEMS

Typel: Only One Match Is Possible
1. List A List B
(a) Adsorption indicator (i) Kj3Fe(CN)g
(b) External indicator (ii) Starch
(c) Self indicator (iii) Methyl red
(d) Acid-base indicator (iv) KMnO,4
2. _ List A List B
H of ; : 1
(a) gaho amphioprotic 1. _E[IOS(K:J.Cl +Kgyc2)
(b) pH of mixtures of 2. 1
two weak acids 2 [PKa, +PKe, ]
(c) pH of a basic buffer 3. [conjugate base]
: K, +log —————
mixture PRa+log [acid]
(d) pH of an acidic 4. [base]
buffer mixture Phytlog [conjugate
acid]
(¢) pHofasaltsolution 5. lr e L e o]
O weaks aqd 4 ZiEow tpCatione]
strong base
(f) pH ofasaltsolution 6. —l[pKw-pK,,-logc]
of strong acid + 2
weak base
3. List A List B

‘ (d) Conjugate base of RNH, 4.
(e) Solubility of AgCl in 5.

1.
2.

(a) Ksp of BaClz -2H,0

(b) Kg,of dibasic acid

(c) Conjugate acid of RNH; 3.

NaCl

a-ii; b-i; c-iv; d-iii

a-2; b-l;

1. [Ba?*](CI")? [H,0?
2. [Ba®*][CI" )
(472
RNH™
RNHj
Ko
(o'

Type Il : More Than One Match Possible

4, List A List B
(a) Solubility of PbS
(b) Solubility of Ag,S
(c) Solubility of CuS

(d) Solubility of BaSO4

1. Increases in dil. HCI. ag,
2. Increases in dil. NaCN ag,
3. Increases in dil. NH3 ag,
4. Increases in conc. HC|

Type lll : Only One Match From Each Llist

5. List A List B List C
A. Melting of ice 1. Favoured with 5 py— il
decrease in P 2
[pK 4, +PKg, ]
B.Freezingof ~ 2.Favoured with j, py=1
water increase in P 2
[PKw +PKa—pKs]

C.0.1 MNaHS 3. Hydrolysis c. Favoured by

(aq.) and addition of ice
protonation
D.0.1 M 4. Hydrolysis d. Not favoured by
CH3; COONH4 addition of ice
(ag.)
E.0.1 MNH4Cl 5. Acidic e.pH=1
(ag.) 2
[pK; ~10g C]

c4; d-3; e5 f6
3. a-2; b-3; c-5;, d-4;, e-6;

([ ——wEER— I

4. a-134; b-1,234; c-1,234; d4
5. A-2-d; B-l-; C-3-a; D—4-b; E-5-¢
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