& NCERT rocus

Topic 1
1. 2505 + Oy = 2503()
Applying law of chemical equilibrium,
_ [sosP 1.9y
" [50,1[0,] (0.6)%(0.82)
2. NOg) + O31g) === NO3(g) + Oa(g)

=12.229L mol™

i _INOJIO] _ g5 14
[NOJ[05]
For the reverse reaction,
,_[NOJO;] 1 1

= = =—__=1587x107"
© T INO,JI0,] K, 6.3x10™

3. For the concentration of pure solid or pure liquid,
Moles of the substance

Molar conc.=
Volume of the substance
_Mass/Molar mass  Mass 1
- Volume ~ Volume " Molar mass
Density

Molecular mass

Since density of pure solid or liquid is constant at constant
temperature and molar mass is also constant therefore, their
molar concentrations are constant and therefore can be
ignored while writing the equilibrium constant expression.
4. The balanced chemical equation is
4N0(g) + 6H20(g) — 4NH3@) + 502(g)
5. From the above reaction,

H20) + COg == Hag) + COz)

Initial no. of moles 1 1 0 0
At equilibrium 0.6 0.6 0.4 0.4

[H,0] = % mol L™ = 0.06 mol L™

101 = %€ mol - = 0.06 mol ™!
10
Hy] = 24 = 0.04 mol [
10
and [CO,] = % =0.04 mol L”!
04 04

_ 0] 10 10
[H,0l[co] 06 0.6
10 10

K, =0.44
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Topic 2

1. |2(g) = 2 |(g)
Initial moles 1 0
Moles at equilibrium 1 —x 2%

Total moles at equilibrium = 1—x + 2x =1 +x

2X . 1
But ——=0.4(given) .. x=—
1+ x (given) 4

So, mole fraction of |, = _4_ % =0.6

Mole fraction of |= —4 = % =04

pi= 0.4 x 10° Pa, pi,=06x 10° Pa

pt (0.4x10°)

Kp=_=—5=2.67><104
p, (06x10°)
2 ) k- NowlCh!
: - !
INOCl]
i [CuOg FINOyg) ' [0z 4
W [CuiNO3)y(5) =INOy)I"0z(g)]
S
(i) K :[CH3COOH(aq)][C2H50H(aq)]
’ [CH3CO0CHs zg)]
() Ko—teOtgl 1

1R ) 10 )P [Fe | O

_ gl DRyl
ls) g )P
3. () Ky=K,(RD*"g, Ang=(2+1)-2=1

1.8 x 1072 = K,(0.0821 x 500), K, = 4.38 x 107*

c

K 167

i) Ang=1, K== = 1.896
(i) Ang T (RT) (0.0821x1073)
4. MNyg + Oy = 2N:0)
Initial no. of moles : 0.482 0.933 0
At egm. no. of moles : (0.482 —x) (0.933 -x/2) X
Molar conc. 0.482 — X 0.933—(x/2) x

10 10 10



2

As K, = 2.0 x 107 is very small, this means that the
consumed/reacted amount of N, and 0, (x) is very very small.
Hence, at equilibrium, we have,

[N,] = 0.0482 mol L™, [0,] = 0.0933 mol L™, [N,0] = 0.1x
(0.1x)
(0.0482)%(0.0933)

On solving this gives, x = 6.6 x 1072
[N,0] = 0.1x = 6.6 x 1072 mol L™

= =2.0x107% (given)

5. ZNO(g) + Brz(g) S ZNOBf(g)
Initial moles 0.087 0.0437 0
Moles at eqm. (0.087 — ) (0.0437 —x) u
But 2x = 0.0518 -+ x=0.0259
(nNo)eq =0.087 —0.0518 = 0.0352 mol
<nBr2)eq =0.0437 - 0.0259 = 0.0178 mol
K
6. K,=K,(RT)™ orK,=—L
p ~h¢ ¢ (HT)MQ
Ang =2-(2+1)=-1,T=450K,
R =0.083 bar LK™ 'mol™"
10
Ko =—22U0 ) 010" x(0.083x450)
(0.083% 450)” 8
=7.47x10
7. Mg = Hyg + Iy
Initial pressure 0.2 atm 0 0
0.16 0.16
Pressure at eqm. 0.04 atm -5 -

=0.08 atm = 0.08 atm
According to law of chemical equilibrium,

) _ PPy _008x008 _0.0064 _
P 2 - 2 B
& (0.04) ~ 0.0016
Ky =4

8. The reaction is :
Na(g) + 3Hyg) == 2NH3)

_ INHP
[N,][H, P

2
(8'13 mol L‘1)
= 20 - =238x10°

(1'57 mol L_1)(1'92 mol L‘1)
20 20

As Q, # K, , the reaction mixture is not in equilibrium.
As @, > K , the net reaction will be in the backward direction.

4

9. 2Hlg) == Hayg) + lag)
Initial concentration a 0 0
At equilibrium 0.5 X X
c :—[Hz][lzz] Or, L: XX); X2 = E
[HI] 548 (0.5 54.8
= x=0.068
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[H,] = [I,] = 0.068 mol L™
10. 2|C|(g) S IZ(g) + C|2(g); K. =0.14

Initial molar conc. 0.78 0 0
Egm. molar conc. 0.78 - X X

Applying law of chemical equilibrium,
f, <t

(ICl]
X% =0.14(0.78 - 2x)?

X
X 014=0374
o 0782

or x=0.292-0.748x or 1.748x =0.292 or x =0.167
Hence at equilibrium, [I5] = [Cl;] = 0.167 M
[ICI]=0.78 - (2 x 0.167) = 0.446 M

XX
(0.78—2x)?

11. C2H6(g) = C2H4(g) + H2(g)
Initial pressure 4.0 atm 0 0
At egm. 4-p P P
Applying law of chemical equilibrium,
2
X

fy= PP s 2

PcyHg 4-p

o, p?=0.16-0.04p or p?+0.04p-0.16 =0
be —0.04+./0.0016—4(—0.16) —0.04+0.80

2 2

Taking positive value, p = Ozﬂ =0.38

[C2H6]eq =(4-0.38) atm = 3.62 atm
12. () 0= [CH;CO0C,H5[H,0]
[CH;COOH][C,HsOH]
(i) CH3COOH + CyH50H = CH3CO0C,Hs + H,0
Initially :

Newgcoon = 1.00; Meon = 0.180 and Merycoocyts = Mo =0
At equilibrium :

fesscoon = (1:00-0.171) = 0.829,

Ne,HoH = (0.180-0.171) = 0.009

Nerycooct = 0-171, N0 =0.171

0.171Y
[CH3CO0C,Hs [H, 0] v
= - =3.92
[CH3COOH][C,HsOH] (0.829)(0.009)
v vV

(i) CH3COOH + C3Hs0H = CH3CO0C,Hs + H,0
Initially :

Nerycoon = 1.00 mol, A .04 =0.500 mol,
NerscoocyHs = Mo = 0

At equilibrium,

Mergcoon = (1.00 — 0.214) = 0.786 mol,

e pson = (0.500 — 0.214) = 0.286 mol,

Nepycoocts = 0-214 mol s Mo = 0.214 mol
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0.214)?
_ [CH;CO0CHs 1IH,0] v 0204
© " [CHyCOOH][C,HsOH] (0.786)(0.286) e
v v

As Q, < K, the equilibrium has not reached. The reaction tends
to proceed right, towards products.

13. PC|5(g) S PC|3(g) + C|2(g)
Initial conc. ¥ 0 0
Conc. at equilibrium  y—x X X
Buty—x=0.5x 107" mol L”
CPCLICL]  xx
Pl (=X
2
or K, =— - =83x107
0.5x107

— x=2.04x102mol L

[PCl5]) = [Cly] = 2.04 x 1072 mol L
14. FeQ(5) + CO(g) = Feg) + COz(g)
Initial pressures 1.4 0.80
Pressure at 1.4-p 0.80+p
equilibrium

At equilibrium, Pco, = (0.80 + p) atm,
Pco = (1.4-p) atm
Kp _ Pco, 0.80+p
Pco 1.4-p
o, 0.265(1.4-p)=0.80+p
o, 0.371-0.2650=0.80 +p
or, 1.2650 =-0.429 or,p =-0.339 atm
(Dcoleq = (1.4 + 0.339) atm = 1.739 atm

(0co,)eq = (0.80 — 0.339) atm = 0.461 atm
INH; _ (0.5)°
N JH,P (3.0)(2.0)°

Given K, = 0.061

As Q,, # K, reaction is not in equilibrium.
As @, < K, reaction will proceed in the forward direction.

= 0.265=

=0.0104

C:

16. ZBI'C|(g) S Brz(g) + C|2(g)
Initial 3.30 x 1073 mol L™ 0 0
At eqm. (330 x107 —x) § §
= —(X/Z)(X3/2) 5 = 32 (Given)
(3.30%10™° —x)
2
Y]
4(3.30x107° = x)
or, —3—J_ 5.66
2(3.30%x107° = x)

or, x=11.32(3.30x 1073 —x)
or, 1232 =11.32x3.30x 1073
o x=3.0x1073

At eqm., [BrCl] = (3.30 x 1073 -3.0 x 1073)
=030x 102 =3.0x 10 mol "'
17. Let the total mass of the mixture of CO and CO, is 100 g,
then mass of CO = 90.55 g and mass of CO, = 100 — 90.55
=945¢
Moles of CO=%’855=3.234

94

Moles of CO, = m —0 215

Mole fraction of CO= _ 3834 =0.938
3.234+0.215

0.215
3.234+0.215
Pco = mole fraction x total pressure

=0.938 x 1 atm = 0.938 atm
Pco,= 0.062 x 1 atm = 0.062 atm
K for the reaction Cig) + COy) == 2COy

pto  (0.938)

" P, 0062

Now Ang=2—1=1,K, = K(RT)*"9

K

or K —he_ 14.19
RT  0.0821x1127

— 2HBr()

Mole fraction of CO; = =0.062

=14.19

=0.153

Ky=16x10°
H()+BI’2()

18. Hyg) + Bryg)

For the reaction 2HBr( j =
1

1.6x10°

2HBr(g) 9 + Bryg

Initial pressure  10.0 0 0
At equilibrium  10.0 — 2x X X

PH, > Pey,

Pigr

K, = =6.25%107°

= Hy

Ky=

X2 X
3 or
(10.0-2x)* 10.0-2x
and x=2.5x 1072 S0, Py, = Par, = 2.5 1072 bar

6.25x107° = =2.5%1073

Pigr = 10.0—5.0 x 1072 = 10.0 bar

19. O + MOg = COyg + Hyg
Initial partial 4 4 0 0
pressures (bar)
Equilibrium

partial pressures (bar)
Applying law of chemical equilibrium,

Pco, " P,

Pco * Pryo

pp p
10.1= =——=410.1
(4-p)4-p) 4-p

4-p 4-p p p

K,=
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P _3178 = p=3.04bar
i-p

20. (a) Since K, is very small, there will be appreciable
concentration of the reactants.

(b) Since K, is very large, there will be appreciable
concentration of the products.

() Since K, = 1.8, the concentration of reactants and
products will be in comparable amounts.

21. 30y = 2031

_losF [0
[0, (1.6x1072)°

(052 =2.0 x 10°% x (1.6)> x 107®

[03]=+/2.0%(1.6)> x107%8 = 2.864 x 10728 mol L™

22. COg) + 3Hy(q) == CHyg) + Hy0()
Applying law of chemical equilibrium,

f = 2.0x107°=

K, = [CH4][H2(3)] . 3.90= [CH4]><0.0§
[COI[H,] 0.30x(0.1)
[CH4]=3.9><O.3><0.1><0.1><0.1=39><3X10_3
0.02
=585 x 107 =5.85 x 1072 mol/L
Topic 3

1. (a) Initially vapour pressure decreases because the same
amount of vapour are now distributed in larger space.

(b) Rate of evaporation remains constant at constant
temperature in a closed vessel while that of condensation falls
initially.

(c)  Onrestoration of the equilibrium again, rate of evaporation
= rate of condensation the vapour pressure becomes the same.
The final vapour pressure will be same as it was originally
because vapour pressure depends upon the temperature and
not upon the volume of the container.

2. (a) AG® = ZAG°(Products)—ZA,G°(Reactants)

1
= ArG°(NO,) — [A; G°(NO) + EA,G° (0,)]

=52.0- (87.0+%x0) =—35.0 kJ mol™

(b) —AG° =2.303RT log K

Hence, <(—35000) = 2.303 x 8.314 x 298 x log K

or logK=6.1341 or K = antilog (6.1341)

or K=1361x10°

3. Applying Le Chatelier's principle, on decreasing the
pressure, equilibrium shifts to the direction in which number of
moles of gaseous substances is more. Thus, moles of reaction
products willincrease inreaction (a), decrease inreaction (b) and
remain same (1, = n,, for gaseous substances) in reaction (c).
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4. Reactions will be affected in those in which (n, # ny, for
gaseous substances) Hence, reactions (i), (iii), (iv), (v) and (vi)
will be affected. By applying Le Chatelier’s principle, we can
predict the direction.

(i) np=2,n=1ie.,ny>ny,reaction will go in the backward
direction.

(i) np=3,n=31e.,n,=n, reaction will not be affected by
pressure.

(i) ny=2,n,="1i.e.,n,>n;, reaction will go in the backward
direction.

(iv) np=1,n,=3le. n,<n;,reaction will go in the forward
direction.

(v) n,=1,n=0ie.,n,>n;, reaction will go in the backward
direction.

(i) n, =10, n, =9 1ie. ny > ny, reaction will go in the
backward direction.

3
5. (a) K, = Pco X Py,

P, X Bryo
(b) () K, remains constant on increasing pressures. By
Le Chatelier's principle, on increasing pressure, equilibrium
will shift in the backward direction where number of moles
decreases.
(i) As the given reaction is endothermic, the value of K,
increases with increase in temperature. By Le Chatelier's
principle, equilibrium will shift in the forward direction with
increasing temperature for endothermic reaction.
(iii) K, remains constant, equilibrium composition will not be
disturbed by the presence of catalyst but equilibrium will be
attained quickly.
6. 2H2(g) + CO(g) = CHgoH(g)
(a) Addition of H; : The equilibrium will shift in the forward
direction.
(b) Addition of CH30H : The equilibrium will shift in the
backward direction.
()  Removal of CO : The equilibrium will shift in the backward
direction.
(d) Removal of CH3OH : The equilibrium will shift in the
forward direction.

7. _ [PClyg)1[Cly(g)]
‘ [PCls;g)]
(b) PC|3(g) + C|2(g) = PC|5(g)
,_ [Pdsg)] 1

=120.48

° [PCl3g) l[Clyg)] 83x107°

(@ () K, remains unchanges, as K. is independent of
concentration.

(ii) K. remains unchanged as K; is independent of pressure.
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(iii) ~ As the given reaction is endothermic, K, will increase with
increase of temperature.

Topic 4
1. Conjugate acid-base pair : The pairs of acids and

bases which are formed from each other by the gain or loss of
a proton are called conjugate acid-base pairs.

Species Conjugate acid Conjugate base
HNO, - NO;

CN™ HCN -

HClO, - lo;

F HF —

OH~ H,0 0>

0% HCO5 -

52~ HS™ -

2. BF;, H*and NH; are Lewis acids because they can accept
a lone pair of electron.

3. Bronsted acid Conjugate base

HF F
H,504 HSO4
HCO3 co¥

4. Bronsted base Conjugate acid
NH, NH;
NH; NH,"
HCOO™ HCOOH

5. Species Conjugate acid Conjugate base
H,0 H30" OH™
HCO3 H,CO3 CO$~
HSO; H,50, 507
NH; NHZ NH,

6. (a) OH™: OH™ is a Lewis base because it can donate lone
pair of electrons.

(b) F:F isa Lewis base because it can donate lone pair of
electrons.

() H':H"isa Lewis acid because it can accept lone pair of
electrons.

(d) BCl3:BCl3is a Lewis acid because it is electron deficient
and can accept a lone pair of electrons.

7. [H1=38x102M
pH = — log[H*] = — log(3.8 x 1073)
=3log 10-10og 3.8=3-0.5797 = 2.4203 = 2.42

8. We know that pH = — log[H"]

[H*] = antilog(-pH) = antilog(-3.76) = 1.738 x 1074 M
KW
K,

—14
L4 =147 x 107"

9. K=

For F", Ky =
6.8x10™

10—14
For HCOO™, Ky = ———— =5.6x 107"
1.8x10
10—14
For CN™, Ky = ————5 =2.08 x 10°°
4.8x10"
10. C6H50H S C6H50_ + H*
Initial concentration 0.05M 0
After dissociation 0.05-x X
K= 22X _ 1.0 107 (Given)
0.05-x

XZ

oo ——=10x10"0 [+ (0.05-x)=0.05]
0.05

or x2=5x10"2 or, x=2.23x10°M

In presence of 0.01 M CgHsONa, suppose y is the amount of
phenol dissociated, then at equilibrium

[CgHsOH] =0.05-y = 0.05 M

[CgHs0TT=0.01 +y=0.01 M, [H =y M

(001)0/) =1.0 x 10—10

= =1 (Given)
005
o, y=5x10"°
-10
0c=1=5><10 =1x1078
C 0.05
1. HS = HS + H*Y
Initially C 0 0
At equilibrium C-Coa Ca. Ca
=11yt 2
az[HS JH] - Co =Col - (1-a)=1(ra<<<)
[H,S] (1-o)

and [HS™]=Ca = K,C

[HS ]=v9.1x108 % 0.1=9.54%x 10> M
[HS]=9.54 x 107> M

IN0.1TMHCI, H)S = HS + H'

Initially 0.1M 0 0
At equilibrium (0.1=x) X X

HCl —— ™ + Hf
01+n=01TM 01M 01M

2= HIHST]_ g 151078
[H;5]

0.1x[HS™]

= K,= =9.1x107® = [HS]=9.1x 108 M

The concentration of HS™ has decreased in 0.1 M HCl.
To calculate the concentration of $2~ ion:
HS™ —> H* + §&

K,,
H,S == H* + HS~

K,
HS™ == H* + §&



HyS —is oH* 4 52

Overall dissociation constant of H-S

Ky =Ky XKy =9.1%x 1078 x 1.2 107 = 1.092 x 1072

H,S = 2H* + &

0.1 M 0 0
0.1-x n x
~0.1M
+127¢c2—
T
[H,S]
2x)*x

= 1.092><10—20=T = X=65x 108 M

In presence of 0.1 M HC|,
+121c2—
kB PS
5]

(0.1

1.092 x 10720 = = [S7]=1.092x 107" M

0.1
s
12. oc:\/K:?: /%:0.0186
C 5x10™
CH3COOH == CH5C00™ + H*

_ [CH,CO0TTIHY _ - HY?
#7 [CH;COOH]  [CH3COOH]

or, [H"]=K,ICH;COOH]

=\/(1.74><10_5)(5><1O_2) =933x10%M
[CH;CO07] = [H*]=9.33 x 1074 M
pH =—10g(9.33 x 1074 =4 -0.97 = 3.03
13. pH =-log[H"]
. [H*] = antilog(-4.15)
[H*] = 7.08 x 107 M
HA (g == H'ag) + Atag)
[H'=[A1=7.08% 10 M

+ -5
and a:M=M=7.O8x1O_3
C 0.01
2 -3y2
= Co =0.01(7.08><10 3) _505%10~7
I—a 1-7.08x10™

pK,; = —log K; = — log(5.05 x 107/) = 6.29
14. (a) HCl +ag — H" + CI~
[H*] = [HCl =3 x 107 M
pH=—log (3 x 1073) = 2.52
(b) NaOH +ag — Na* + OH~
[OH ]=5x 102 M
10—14
5x10™

[H*] =

_ —12
3 =2x107"“M
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pH =—log(2 x 107'%) = 11.70

() HBr+ag— H*+Br

o [H]=2x1073M,

pH = —log(2 x 1073) = 2.70

(d) KOH +ag — K"+ OH™
[OHT]=2x 103 M

[H'] = =5%x 107"

pH =—log(5 x 107'%) = 11.30
15. (a) Molar mass of TIOH = 221.4 g mol™!

IioH =22142—g|_1: 9.03x107> mol
4 gmo
-3
o 1=(mioH=20X10 Mol 54 493y

pOH = —1log(4.51 x 107%) = 2.35 and
pH=14-2.35=11.65

03¢ 3
h) N =——=—=4.05%x10"" mol
(b)  Mca(om), 74 gmol
_ 4.05%10™> mol
OH ]=2[Ca(0H),]=2x — =~ ——
[OH™]=2[Ca(0OH), ] El
=162x1072%M

pOH = —1log(1.62 x 107%) = 1.79 and
pH=14-1.79=12.21

039 3
Q N =—= —=75%x10" mol
(@ Maou 20 gmol”
3
(oH-] = [NaoH) = 222100 5375y

pOH = —10g(0.0375) = 1.43 and
pH=14-1.43=1257
(d) MqVy =My,
13.6 mol L™! x 1 mL =M x 1000 mL
My = 0.0136 mol L™
[H*] = [HCI] = 0.0136 M

pH = —10g(0.0136) = 1.87

16. CH, — COOH = CH, — CO0™ + H*
| |
Br Br
Initial molar conc.  C 0 0
Egm. molar conc. C(1-a) Co Co

C=0.1M, oe=0.132, [H] =Co=0.0132 M
pH = —10g(0.0132) = 1.8794

Ky =Ca? or K;=0.1x(0.132)>=1.74 x 1073
pK, = —logK, = — log(1.74 x 1073) = 2.7595
17. [H*] = antilog(~ 9.95) = 1.12 x 1070 M
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-14
o =219 595107
1.12x107"!
+ =542
But K, =!8 IOM]_B92x107) 4 59, 1976

[BOH] 0.005

pKy = — log Ky = —log(1.59 x 107°) = 5.80

18. CgHsNH; + Hy0 == CgHsNH3 + OH™
_[CaHNHSJOH] _ [OH P

[CeHeNH,]  [CeHeNH, ]

[OH_] = \}KD[C6H5NH2]

= J(4.27x1071°)(1073) =6.534 x 107 M

pOH = —log(6.534 x 1077) = 6.18
pH=14-6.18 =7.82

C6H5NH2 + Hzo = C6H5NH3+ + OH™
Initial C 0 0
At. eqm. C-Co Ca Co
) 2
b= Coc Coc C(x =Ca? (ro<<<?)
4.27x107"° 0 10
X _653x 10

Pk, =—Iog (4.27 x 10719 = 9.37

pK + pKp = 14

- pK;=14-937=463

ie. —logK,=4.63 or, logK;=-4.63

or, K,=antilog(-4.63) = 2.34 x 107
pH=17.82, 00=6.53 x 1

19. pK,=4.74

—log(K,) = 4.74
K, = antilog(~4.74) = 1.820 x 107
Co’=1.82x 107

, 1.82%x10™  1.82x107°
o= =

= =3.64x 107"
c 0.05
o =3.64x 10"
= o=19x 1072
@) CH;COOH = (H;C00~ + H*
Initial molar conc. C 0 0
Egm. molar conc. C(1—o) Co Co
[CHyCOO™ ][HY]
Ky=—3"——
c
[H*] = 0.01 M
182x10°° = %% % 0,011
-5
_182X1077 g0 103

0.01

(for a pair of conjugate acid and base)

04 K;=234x 107

(b) [H1=0.1M

182x10° =22 %0 1= 0x0.1= 0. =1.82x107*

20. K,=54x 107 C=0.02 M, K, = Car?

-4
of =K L3I0 _ 090 104
C 0.02
o =0.164
(CH3)2NH + Hzo éﬁ (C|‘|3)2N|‘|2+ + OH™

Initially : C 0 0
Ategm.: C(1-a) Co Ca
But[OH]=0.1M
_ Cox[OH"]

C1—ar)
But ot <<< 1,

o is neglected in the denominator.

—4
— a:%zmowo—3 =0.0054
% ionisation = 100c. = 100 x 0.0054 = 0.54
21. (a) pH=6.83

[H*] = antilog(— 6.83) = 1.48 x 107/ M

Cox0.1

= 54x107" =
Cl1—a)

a

(b) pH=1.2

- [H*]=antilog(-1.2) =6.30 x 1072 M
() pH=7.38

- [H*]=antilog (- 7.38) = 4.17 x 1078 M
(d) pH=6.4

. [H*] = antilog (-6.4) =3.98 x 107/ M

22. For milk, pH=6.8
[H*] = antilog (—pH) = antilog (-6.8)
=158%x 107" M
For black coffee, pH = 5.0
[H*] = antilog (—pH) = antilog (-5.0)
=1x10°M
For tomato juice, pH = 4.2
[H*] = antilog(—pH) = antilog (-4.2) =
For lemon juice, pH = 2.2
[H*] = antilog (—pH) = antilog (-2.2)
=6.31x10°M
For egg white, pH = 7.8
[H*] = antilog (—pH) = antilog (-7.8) = 1.58 x 108 M
23. Molar mass of KOH = 56.0 g mol™’
0.561g
56.0 g mol™!
=0.01 mol

and conc. of KOH _% mol=0.05 mol/L

631 x 10> M

No. of moles of KOH =

KOH(aq) —> K(_;q) + OHa_q
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[K*] = [OH] = 0.05 M
-14
and [H"]= Ay _1.0x10 =2.0x107"
[OH™] 0.05

pH =—10g(2.0 x 1073) = 12.70
24. K,=1.32x107;C=0.05M;

1.32x107°
5% 1072
[H*]=Co=0.05x 1.62 x 102=8.1 x 107
pH =—1log(8.1 x 1074 = 3.09
In 0.01 M HCl, [H]=0.01M

=1.62x1072

C,HsCOOH = (C,HsCOO™ + H*
Initial molar conc. C 0 0
Egm. molar conc. C(l'—a) Ca Ca

Applying law of chemical eqm.
_[GHCOOTIH"] _ Caux0.01  _ Cax0.01

27 [GHCOOH  C(l-a) ¢ C
132x10°=0.0100 = o.=132x 1073
25. HCNO == H* + CNO~
pH =234 or log[H"]=-2.34
or, [H*]=antilog (-2.34) = 4.57 x 107> M
[CNO ] =[H]=4.57 x 107 M

(4.57%x1073)(4.57x1073)

K, = =209 x 107

-4
2.09x10 — 0.0457

o= \/K_jz
C .
. / K
26. Degree of hydrolysis, h= |—%_
g yaroly K.-C
—14
=,/*=2.36x10‘5
45x107" x0.04

1 1 1
pH:EpKW +§pKa +§IogC

=%[—Iog10_14+(—Iog4.5><10_4)+Iog(4><10_2)] ~7.975

27. Pyridinium hydrochloride is a salt of weak base and
strong acid. Therefore,

pH=7—%(|ogC+pr)
where K}, = dissociation constant of pyridine

3.44=7—%(|og0.02+pr)

1
—3.56:—5(—1.70+pr) =—7.12=1.70 - pK,

pKp=1.70+7.12=8.82
Ky = antilog (- 8.82) = 1.513 x 107

WUEG 100PERCENT Chemistry Class-11

28. NaCN, NaNO,, KF solutions are basic, as they are salts of
strong base and weak acid.

NaCl, KBr solutions are neutral, as they are salts of strong acid
and strong base.

NH4NO5 solution is acidic, as it is a salt of strong acid and weak
base.

29. pH of acid solution,

[H*]= K, xC

K;=135%x1073,C=0.1M

[H*1=4/1.35x1073 x0.1=4/1.35%107 = 1.16 x 1072

pH=—log[H*]=—log(1.16x 1072 =2—-0.064=1.936
Sodium salt of chloroacetic acid is salt of weak acid and strong
base. Hence,

1
szz[pKW+pKa+logC]

Ky=135%x 1073

pK, = —log K, = —log(1.35 x 1073) = —(0.1303 - 3) = 2.8697
pK, =—log107'% = 14

C=0.1M,logC = log(0.1) = -1

pH=%[14+2.8697—1]=7.935

30. We know that
=K, =V2.7x107"* =1.643x107" M
pH = —log[H*] = — log(1.643 x 107)
=7-0.2156=6.78
31. (a) 10 mL of 0.2 M Ca(0OH),
=10 x 0.2 millimoles = 2 millimoles of Ca(OH),
25mL of 0.1 M HCl = 25 x 0.1 millimoles
= 2.5 millimoles of HCI
Ca(OH), + 2HCl == CaCl; + 2H,0
1 millimole of Ca(OH), reacts with 2 millimoles of HC|
2.5 millimoles of HCI will react with 1.25 millimoles of
Ca(OH),
Ca(OH), left = 2 — 1.25 = 0.75 millimoles (HCl is the
limiting reactant.)
Total volume of the solution = 10 + 25 mL=35mL
Molarity of Ca(OH), in the mixture solution = % M
=0.0214 M
[OH] =2 x0.0214 M = 0.0428 M = 4.28 x 1072 M
pOH = —lo0g(4.28 x 107%) = 2 - 0.6314 = 1.3686 = 1.37
pH = 14-1.37 = 12.63
(b) 10 mLof 0.01 M H,50,= 10 x 0.01 millimole
= 0.1 millimole
10mLof0.01 M Ca(OH), =10 x 0.01 millimole = 0.1 millimole
Ca(OH)z + HzSO4 S CaSO4 + ZHzo



Equilibrium

1 mole of Ca(OH), reacts with 1 mole of H,S04
0.1 millimole of Ca(OH), will react completely with 0.1
millimole of H,S04. hence, solution will be neutral with pH = 7.0
() 10mLof 0.1 M HySO4 = 1 millimole
10 mL of 0.1 M KOH = 1 millimole
2KOH + H2504 K2504 + 2H20
1 millimole of KOH will react with 0.5 millimole of H,S04
H,S0, left = 1—-0.5 = 0.5 millimole
Volume of reaction mixture = 10 + 10 = 20 mL
Molarity of H,SO,4 in the mixture solution
_ 05

= =25x 107 M

20

H1=2x25x102=5x 1072

pH =—log(5 x 107%)=2-0.699 = 1.3
Topic 5

1. Molar mass of Sr(OH), = 87.6 + 34 = 121.6 g mol™’
Solubility of Sr(OH), in moles L™

193¢
121.6 gmol™’
Assuming complete dissociation,
Sr(OH); — Sr** + 20H"

[Sr?*] =0.1581 M,
[OH]=2x0.1581=0.3162 M
pOH = —log (0.3162) = 0.5

pH=14-05=135
2. Silver chromate, Ag,CrOy4

=0.1581M

AGyCrO45) == 2Ag g + Cr0%g)

Kp=4s>=1.1x10"2 - §=6.50 x 10° M
[Ag*] =2 x 6.50 x 107 =1.30 x 107* M and

[Cr0{7]=6.50 x 10 M

Barium chromate, BaCrO4

BaCrOys) ooy +Cr03ag)

Ksp=32=1.2><1o1° s=1.o9x1o—5|v|
[Ba?*] =[CrOf]1=1.09 x 10> M

Ferric hydroxide, Fe(OH)3

Fe(OH)3) = Fe¥y) + 30H )
Kp=27s"=1.0x 108 - s=138x107"0M
[Fe**]=138x107""Mand[OH] =3 x 1.38 x 107'°

=4.16x 1070 M
Lead chloride, PbCl,
PbClys) == Pb%y) + 2Cl )
Kp=4s=16x10" -~ s=159x1072M

[Pb?*]=1.59 x 102 M and [CI] = 2 x 1.59 x 1072
=3.18x 102 M

Mercurous iodide, Hg,l,
Haly) == Hg35g) + 2l ag)
Kp=4s>=45x 102 ands =2.24 x 1071 M
[Hg3*1 =224 x 107" Mand [I] = 2 x 2.24 x 10710
=448 x 1070 M
Ag,Cr0, is more soluble.
AGyCrO45) == 2Ag ) + CrOGg) Ksp = 45°

1ax102)”
S= T =6.50%10™> M

AgBris) ==Agug) + By Kspzs’2

s =(5x10" 13)1/2 207 x 107 M
-5
The ratio of the molarities = i,z M
§* 7.07x10”
=91.94

4. When equal volumes of sodium iodate and cupric chlo-
rate are mixed, the molar concentrations of both the solutes
would be reduce to halfi.e., 0.001 M

NalO3 == Na* + 103
0.001 M 0.001 M
Cu(Clo;), = CU2+ +2Clog
0.001 M 0.001
. After mixing, [103] = [NaIO_:,] =
[CU2+] [Cu(Cl03),] = 0.001 M
Solubility equilibrium for copper iodate may be written as,
Cu(103)y) == Cufzy) + 21034
lonic product of copper iodate
= [Cu?*] [103]% = (0.001) (0.001)? = 1 x 107°
Since ionic product (1 x 107) is less than
Ksp (7.4 x 1078), therefore, no precipitation will take place.

0.001 M

5. Suppose s is the molar solubility of silver benzoate in wa-
ter, then

CeH5CO0Ag(s) == CgH5COO0 3g) + AQag)

Kp=5* = s=425x107" =5.0x107 M

Given, pH =3.19

ie., [H]=6.46 x 10 M

CgH5COO™ ions now combine with H* ions to form CgHsCOOH,
but [H*] remains almost constant because it is buffer solution.

CeHsCOOH = CgHsCOO™ + H*

[CeHsCOOTJHY]  [CeHsCO0™]  [H*]
77 TICeHsCOOH]  [CeHsCOOHI K,
_6.457x107"
646x107°
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Let solubility in buffer solution is x mol/L. Then as most of
the benzoate ions are converted into benzoic acid molecules
(which remain almost ionized), we have
X = [Ag*] = [CgHsCOO™] + [CeHsCOOH] = [CgHsCOO]

+ 10[CgHsCO0]
= 11[CgHsCOO]

[CeHsCOOT] = %

of 25x 1073 = % X

= x*=275x10"2 = x=166x10°
-6
X_16xI07 54
5 5.0x10
Silver benzoate is 3.32 times more soluble in buffer of pH 3.19

than in pure water.

6. Let the concentration of each of FeSO4 and NayS be x
mol L". Then after mixing equal volumes :

X X
FeSO,]== M, [Na,S]== M
[FeSO4] > [Na,S] 5
or [Fe2+]=£ M and [SZ‘]=£ M
2 2
FeS == Fe’* + S%, Ky = [Fe?*][S]
63x10" 18 =X %
272

o xX2=4x63x10"8=252x10"8
or x=5.02x 107 mol L™

WUEG 100PERCENT Chemistry Class-11

Maximum concentration of FeSO, and Na,S which will not
precipitate iron sulphide = 5.02 x 1072 mol L™

7. CaSOy = Ca%y + SO%ug)

If s is the solubility of CaSO, in mol L™, then

Ky =[Ca”"][50% ] = &7

o, s=.fKy, =9.1x107° =3.02 x 107 mol L'

=3.02x 103 x136gL"'=0411gL""
(Molar mass of CaS04 = 136 g mol™").
Thus, for dissolving 0.411 g, water required = 1 L

For dissolving 1 g, water required = 1 =2431L
0.411

8. Precipitation will take place in the solution for which ionic
product is greater than solubility product. As 10 mL of solution
containing S ion is mixed with 5 mL of metal salt solution,
after mixing

10

(%] =1.0 x 107" x - 6.67 x 10720
[Fe?*] = [Mn2*] = [Zn?*] = [Cd?*] = % % 0.04
=133x 1072 M

Hence the ionic product [M2*][5*7]
=133x102x6.67 x 10720=8.87 x 10722
Therefore, in ZnS (Ks, = 1.6 x 107

and CdS (Ks, = 8.0 x 10727), ionic product exceeds solubility
product. Hence, precipitation will take place.
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