IONIC EQUILIBRIUM

HINTS & SOLUTIONS

18. (A)At25°C, [H']inasolution of 10* M HC1> 10" M.
EXERCISE - 1

: = (B)[H]=10°M.
Single Choice (C)[OH=4x10°M = [H]=25%x10°"M.

1.

15.

17.

HC,O, (aq) +

1= -9
PO,*(aq) = HPO,>(aq) + C,0,*(aq) (D) [H]=10"M.

Acid-1 base-2 base-1 acid-2 21. HCI NaOH
or vt -
HBO =HO-B . N |
CE 4 \OH No.ofmilieq= 0.4 x50=20 0.2x50=10
electron deficient [H+] N 01 M5 pH o 1
species
22. (a) HCI NaOH

So it will behave as Lewis acid.

Conjugate acid

base pair are differ by an proton (H"). No. ofmilieq. = % x 100=10 % x100=10
_HJr

HF* ——— HF

(acid)

So solution is Neutral
(base)

1 1
[OH]= m in pure water. ®) 10 SR 10 " 45=4.3
So as temperature increases K decreases 1
= [OH"] decreases. [H]= 100 ~ 102M, pH=2
pK,=—logK =-log1x10"=12.
K, =[HT][OH]=10". (© % x10=1 % x90=9 Basic
[H]=[OH]
= [H]?=10"; [H] = 10° ; pH = — log[H"] | |
=—log10°=6. d §><75:15 §X25:5
H,O is neutral because [H"] =[OH ] at 373 K
even when pH = 6. [H]=0.1M,pH=1

(D) is not correct at 373 K. Water cannot become

AB = A¥ +3B"

acidic. 3 S
Initialmole 1 0 0
_ + -] — -3 -3 — -6
. K=[HCOOH, T[HCOO]=10"x10°=10 Moleat. Eq. 1—-o o 3a
— A
. K =10°for HA+HO ~— HO"+A" . 1-a o 3a
a If volume is v, - —
1 \ \ %
Thus K for reverse reactionis —— = 10°
10 Therefore, 3¢c.a
_Kw _ 107" —25x10°° 25. Concentration of Solutions are same therefore [H7]
> Ky, 4x 107° depends only on Dissociation constant.
Inital Final 28. In this solution, source of OH™ is water
pH=12 pH=11 o Co=[OHT]
[HT=10"M [HT=101"M
[OH] =10>M [OH]=10°M 1072
Inital No. of mole of OH = 102 Final No. of mole of a= 1000/18 =18x10""M
OH =107
So no. of mole of OH-removed =[.01 —0.001]=0.009 %ionisaion=1.8 x 10° M
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30.Sol (i) to (v)

H,PO, = HPO, +H
0.1-x X X
XZ
K, = =107
0.1-x
x=0.01=[H"]=[H,PO,]
and [HPO,*]=10"M
[H'][PO,* ]

K,= = 1012 =

© [HPO,*]

(0.01) [PO,>"]
1077
[PO]=10"M
[OH]=10"M

32. pHof 0.1 M H,S solution can be derived by :

H,S ——H'+HS ;K,=1x107

K
[H*]:Ca:C@/Fl = JK xC = {1x107 x0.1

=108 =10* . pH=4

34. CH,COOH (aq) == H' (aq) + CH,COO(aq)
t=0 001
t=eq 0.01-x X X

[H]=x+0.01~0.01 M

_ [H'][CH,CO0]
a [CH3COOH]

0.01 x[CH,COO ]
0.01
[CH,COO]=1.69x 10°M

= 1.69x10°=

1.69x107°

So, degree of dissociation of CH,COOH = 0.01

=1.69%107

35. CH,COOH + OH —— CH,COO +H,0

t=0 20 20
t=eq - - 20

200

1 1 1
pH:7+E PK3+5 logC:7+2.37+5 log 107!

=7+237-0.5=8.87

PK,, +PK,, _ 7.28+12 o6,
2 2

36. ForNa HPO,,pH=

pK, +pK,  22+72

7 2 4.7.

ForNa HPO, ,pH =

37. Solution of HC1 & NH,Cl will be acidic, solution of NaCl
neutral whereas solution of NaCN will be basic.

40. h=0.03 C=0.1M
K,=Ch*=9x 10
I<W
K =7—"=9x10°
h Ka
10—14
K,= " =1.11x10"°~1x10"
9x10

1 1
42. Initial pH = 5 (pK, —log C) = 5 (5-1log2—-log0.1)

=285
After adding NaOH, pOH of solution = 1
Change inpOH =1.85

43. HCl — H* + CI

x+x) ()
HO =— H + OH
xtx) ()
Tonic product =K _=(2x) (x)=10"

= 2x*=10" = x=.,50 x10?®
46. m.moles of HC1=0.1 x20=2

m. moles of CH,COOH=0.1 x20=2
After titration of HCl by NaOH

21
[CH,COOH] = 55 = 55 M

1 1 1
S.pH= E(pKaflogC): 5 [5710g2710g(%)]:3.

47. This is ostwald dilution law.

48. The molecule shows three H atoms are replaceable, i.e.,
basicity of acid.

49. Itis definition of Levelling effect,

24

Add. 41-42A, Ashok Park Main, New Rohtak Road, New Delhi-110035
+91-9350679141



IONIC EQUILIBRIUM

W
W

. Acid —H Conjugate base,

Base —™ Conjugate acid

. K changes with temperature.

. H,BO, is weak, Lewis monobasic acid and shows the

given equilibrium.
H,BO,+H,0 —— B(OH), +H"

. CH,COO +H,0 — CH,COOH + OH"

3 Ky — /K_WC

1
or—logOH=—- 7 [logK +logC—logK ] or

1
pOH = 5 [pK, —log C-pK |

Now  pH+pOH=pK

1
pH = 7 [pK, +log C+pK ]

. Higher is pH, lesser is acidic nature. Also NH,CI(aq) is

acidic and NaCN(aq) is basic.

. Meq.of HCI =10x 10" =1

Meq.of NaOH==10x 10" =1

Thus both are neutralised and 1 Meq. of NaCl (a salt of
strong acid and strong base) which does not hydrolyse
and thus pH=7.

. On heating water K increases and thus pH scale for

neutrality changes from 7 to some lower value, i.e., 6.8 or
6.9 depending upon K values.

H [A™ H'?
_H ]—[[Hli] (. [H]=[A]) and

‘ [HA]
[H)B] [H']
Moot e - Ko _THBI 4 [HA] 1
so H" are same .-. K, = (HA] =1 [HB] =2
. H'+OH —— HO0.
1076
. New concentration of HCI = W =10°M

[H']=107+ 108 (approximately)
(Little less than 107 from water).

60.

61.

62.

64.

1
T =15

Meq. of HCI=75 x 5

1
Meq. of NaOH =25 x 5" 5

.. Meq.of HCI left =15-5 =10

10
= —— —10"!
Now [HCI] left 100 10

S pH=1

Ca,(PO,),+ 6HCI — CaCl, +2H,PO,

soluble

HA4H++A7 K:m (l)
) — a [HA] .....
Also HA+B" +OH —» B™ +A"+H,0
_[H,0)[A"] .
[HA][OH] ......

. K, =10°for HA+H,0 =—H,0" +A"

1
Thus K for reverse reaction is 106 =10°

The degree of hydrolysis of a salt of weak acid and weak
base is independent of concentration of salt.

K /K
ca 2 %a= 100 E"‘

[H)[A™] _[H"]Co _[H']a
[HA] Cl-a) (1-o)

Also K, =

a
logK =logH" +log (- or pK =pH+log

a
K Hfl 1_(1 . I__CX = 10pK.—pH

or pK,-pH=log — o o
! 10pKaPH 4 ] :

or — = PRa—pH 4 or o= o a1
a [1+10P%:PH
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66.

67.

68.

69.

70.

71.

HS +H,0 ——H,S+O0H

O ]-ch- |SwC
Ka

I<W KWKB.

(= \/KW.C C

K
or pH=1/2[pK +pK +logC]

a

pH of 10-° M HCI = 6; on dilution

1070 %10
100

Thus new pH of HCI is not 7 because it is acid. For new

solution pH:

[H]=107+107 (fromH,0)=2x 107
(approximately)

[HCI]= =107

S pH=6.7

Meq. of H'=103 x10=10"7?

1072 x6.02x 207
1000

Number of H" ions =

=6.02x 10"

On heating pure water the value of ionic product of water
increases i.e., K = 107'* at 25°C and at 100°C
K, =102 Thus pH and pOH both becomes 6 at 100°C
(pH and pOH =7 at 25°C).

Given density of formic acid = 1.15 g/cm’?
.. Weight of formic acid in 1 litre solution=1.15 x 10 g

1.15x10°
Thus, [HCOOH] = - 2107 _ 55\
46
Since in case of auto ionisation
[HCOOH, ]=[HCOO] and
[HCOOJ[HCOOH;] =10° = [HCOO]=10"

[HCOO™]x100

N o/ A: o fH H=
ow % dissociation of HCOO [HCOOH]

_107°

% 100=10.004%.

1072 x10+107* x990

[H'] after mixing =

1000
0.1+0.0990  0.1990 190 % 10
= = = X
1000 1000 '
pH=4-03=3.7

74.

76.

At infinite weak electrolytes are 100% dissociated.

. [H]=10° atpH=6

If[H"] are diluted to 10 times, the new [H"] > 107 as we
get [H'] from water. Thus pH of solution will be in between
6 to 7 or approximately 6.95.

1 1
Initial pPOH = 5 (pKp -1logC) = 5 (4.7—10g0.1) =2.85

Final pPOH=1
Change in pOH = Change in pH = 1.85

. Follow text.

(O [HT= K4 C; +Kp2Cy = 4/5%1075

_ 5-log5

H ~3-log7.
p ) 0og

78.

79.

Relative strength for HCOOH to CH,COOH =4.37 :1.

OH=Ca=C |2

[0 ]=Ca=C |-

= JKyC = J1.0x1012x0.01 =10x107M.
K,=5x10" pK, =10log5=9.3

CN™
pH =pK, +log ﬁ

5xV V.
9—9.3+10g[ IOXn?jl:| ~ 03 =log {T‘m}

03—bg{:1}
le

4
= V_ml =2 =V _=2ml
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[HCO5]
81. pH=pK, +log m

[HCO3]

= 7=7-log4+log m
23

[HCO3]

= [H,C0,] *

[HCO3]
% of Carbon inthe formof HCO, =

"7 [HCO3 ] +[H,CO,] 1%

= 100 =80 %
144 °

82.  Mole of NaOH is required for 1 lit solution = x

.. Mole of NaOH is required for 100 ml of solution=0.1 x
Now, 0.1x=1xV = V=0.1xlt=100x ml.

_[lonised]
- PH=pK, +log r\ Tonised]

[lonised]
= 6=5+log [un Ionised]

[Ionised]
= 1=log [un Ionised]

[Ionised]

[un Ionised]

[Tonised] [10}

[Tonised] +[un Ionised] ~ ﬁ

= 10

86. pK,,,=5

(a) CH,COOH + NaOH, end point pH > 7

(b) Auillne hydrochloride + NaOH, end point pH >7
(¢) NaHCO, + HCI, end point pH <7

(d) Ba(OH), + H,C,0, , end point pH>7

272740

88. (a) Initially pH will decrease fast, then slowly due to
buffer formation and then will decrease fast as buffer
action diminishes.

(b) Foraweak electrolyte

4 Ca’
© (1-0)
when a<<lthena=,—*

C

as C increases = o decreases
as C is tending to zero= o will be unity

89.

91.

94.
=0

=0

cq

(¢) At 1/4" neutralisation

CH,COOH +NaOH —> CH,COONa+H,0

(O.IXEJ (O.IXl)
4 4

1
=pK, +log (gj

[CH,CO0 ]
[CH,COOH]

At 3/4™ neutralisation
pH=pK +log3

pH=pK +log

1
so difference inpH = A(pH) =log 3 —log - =21log3

3
HCOOH + KOH — HCOOK+H,0
milimole 20 10
10 - 10
oK 10 RO ] (Ej
PE PR T8 tgcoon) 7T % L0
= pH=3.74
(1) NHOH + HCI —> NH,CI + H,0
02M 0.1 0 0
0.1 0 0.1 0.1
pOH =pK,
(h) NH,OH + HCI —> NH,CI + H,0
0.1 0.05 0 0
0.05 0 0.05
0.05
= + — | =
pOH = pK, +log 0.05 pK,
(¢) NH,0H + HCI — NH,CI + H,0
03 0.15
0.15 0 0.15
pOH =pK, So all solution have same
pH
CHCOOH + OH —— CHCOO + HO

2 1
1 - 1
pH=pK =42

CHCOOH + OH —— CHCOO + HO

2 2
- 2

2
[CHLO0]= 5 5 =001M

1 42 1
S pH=7+pK + 5 logC=7+ 7-&- E log(0.01)=8.1
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95. CHNH, + H" —> CH\NH,"
=0 5 25
ty, 25 - 25
pOH=pK =14-8=6

- pK,=6
Now for the solution of [C. HNH,"]=0.01 M

1 1 6 1
pH:7fE pK, - 5 logC=7- 5~ Elog(O.Ol):S

97. For the buffer solution of NH, & NH,*

[NH;]

pH=pK,_ +log "
[NH, "]

(500%0.01)

= 8.26=9.26+log "
m.moles of NH,

= m.moles of NH,"=50
moles of (NH,), SO, required = 0.025.

99. pK, = 5.45

[Base form]
pH =pK,, +log m = pH=pK, =545

For a Buffer solution

[CH;COONa]
pH=pK, *log [ch coom)

[CH;COONa]

= 545=4.75+l0g (e coon

[CH;COONa]

[CH,COONa]
=log [CH,COOH]

0.7 [CH;COOH]

5
= 7
100. CH,COONa + HCI —> NaCl

t=0 20meq. 20 meq.

t — —
eq.

+ CH,COOH
20 megq.

20
——— =0IM

[CH,COOH] = -

1 1
pH = 5 [pK,—log C]= > [5—log2+1]

1
=3 [6—-log2] =3-log,/2

101. meq. of acid =meq ofbase = 20xM=20x0.2=4
Molarity of HA=0.2 M
HA+ OH — A" + HO
5 2 m. mole
3 - 2 m. mole
H=pK +1 1Al 8=pK +1 (Zj
p~paog[HA]:>5.fpaog3

= pK, =5.98

1

1

1

1

2.

03. m. moles of HA taken=27 x 0.1 =2.7
HA+ OH — A + HO
=0 2.7 12
t 1.5 - 12

eq

_ Al
pH=pK_ +log [FA]

1.2 4
= 5=pK +log 15 :pKa+logg

pK,=51 = K ,=8x10%

[Salt] [Cation]

04. pOH =pK, +log m:pr+log m

[NH; 1=2 xmole of (NH,),SO,
.. pOH=5+10og2=5.3
or pH =87

05. NaH, PO, +H,PO,;NaH PO, + NaHPO,
Na HPO, +Na,PO, .

06.  HC,H,0,+NaOH — C,H,0,Na+H,0
1 05 0 0
0.5 0 05 0.5

This solution contains weak acid + its salt with strong
base. and thus acts as buffer.

EXERCISE -2

Part # I : Multiple Choice

(A) In 0.6 m M HCOOH solution
U L2 S0 O 4
© C-[H"] 6x107 —[H']

[H]=4x10"M.
So solutionin (A), (C) & (D) are ISOHYDRIC.

On the basis of ostwald dilution law, number of H* ions
will increase but increase in volume will be more.

Therefore, [H"] decreases, pH increases.

Let BAbethissalt BA—>B"+A"
A~ does not undergo hydrolysis because HA is strong
acid. B* undergoes hydroysis

’K
h= Th h = degree of hydrolysis where

24
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— : — A
K, = Hydrolysis constant = .

b
hoc\/K—h

greater the h(degree of hydrolysis).

1
h o /_Kb greater the K lesser the h.

greater the hydrolysis constant

Hydrolysis is endothermic, K, increases with
temperature and h also increase with temperature.

ho [y V = volume of salt solution hence h

w

b 9.
Both K  and K, change with temperature, hence K,
changes with temperature.

Hence, statement(B) is correct. h increases if K
decreases, statement(C) correct.

It is found that as temperature increase, K  and K
increase butincrease in K is greater than increase in K.
Hence, h increases with increase in temperature. or h
decrease in temperature., hence statement.

(D) is correct.

(D) is not correct from explanation of (B).

increases with dilution. K, =

(A) [H']=10%and[OH ]=107
H"+OH —— H,0
This leads complete neutralisation

2+12
2

(D) [H]=105and[OH]=10"
[H]+[OH] —> H,0

This leads complete neutralisation
5+9

so, pH=7= -

Bronsted bases are proton acceptor and each Lewis base
contain one or more electron pair and thus accept proton.
On the other hand Bronsted acids are proton donor and
may or may not be capable of accepting lone pair of
electron, e.g., H,SO, is Bronsted acid but not Lewis acid
BF, is Lewis acid but not Bronsted acid. Also each cation
is acid an each anion is base.

so, pH=7=

16.

In a given mixture, the ionisation of two acids can be
written as: Let a, B be degree of ionisation at same
concentration.
AN .
CH,COOH —— CH,COO" +
l-a B

H+
ot+p—=x

17.

_

C,HCOOH — CH.COO + H*
1-B § ot —=x
K - [a][a+B—x]c < [Bl[o +B—x].c
M7 l-a] T =]
(where X' is equivalents of NaOH droped).
Kaa o 1-B
= X
Kpa 1-a B o
a 175 { B }
— = x
l-a 1.3 1-p
Hence, A,CD.

Let o, and a, be the degree of dissociation of two acids
and o, , o, are very small when compared to unity.

cocl2 _K coc% _K
l-a, l-a, 2
1 2
Ka, & .
K, ~ o, = relative strength.

Hence choices (A) and (C) are correct while (B) and (D)
are incorrect.

. (A) A buffer solution is a solution which contains weak

acid and its conjugate base. it is acidic buffer.

(B) Basic buffer contains weak base and its conjugate
acid.

(C) is wrong because it does not show change in pH on
adding small amount of acid or base.

(D) is wrong ; all the above statements are not correct.

[A*]=Ka, =107

pH=1 pH=3
[H],=10" [H],=107
[H

— =100

[H'],

1
pH=— (pK, +pK -pK))

pH is independent of dilution with in a limit since no
concentration term in pH expression.

) [Salt o
(B) is correct because pH = pK_ + log for acidic

[Base]
buffer.
If [Salt] increases, pH of acidic buffer will increase.

[Salt] .
pOH = pK, + log m for basic buffer.

B3
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19.

20.

21.

If[Salt] increases, pOH will increase, pH will decrease as
pH=14-pOH.
Therefore (C) is correct but (D) is wrong.

. [Sall]
(A) is not correct pH=pK +log [Acid]

If[Salt] increase, pH will increase.

(A) is buffer because it contains weak acid and its salt
and they will also show common ion effect.

(B) is also a buffer because it contains a weak acid and
its salt. They will not show common ion effect.

(C) is not buffer solution because they contains strong
acids and its salt. They will not show common ion effect.
(D) is not a buffer solution because it contains strong
acids and its salt. They will not show common ion effect.

A) H,CO, + OH  —— HCO, +H,0
moles 1.5 1
0.5 - 1

so it is a buffer solution.

(B) H,CO, + OH —— HCO, +H0
moles 1.5 2

- 0.5 1.5

HCO, + OH —— CO,>” +H,0
moles 1.5 0.5

- - 0.5

so it is a buffer solution.
() NH,OH + H'—— NH, + H,0
moles 5 4
1 - 4
so it is a buffer solution.

Hh— H + In

_ [HTI0n7]
W [HIn]

(] Kmn _
[Hin] = [H] ~

K

4
“. % of [In'] in solution = = 100 = 80%
so pink colour will be visible.
CH,COO +H,0 —— CH,COOH + OH.
0.1(1-h) 0.1h 0.1h.

(0.1 h)(0.1h) 2
K=" o1a_m -01b

= h=748x103 [ h<<<<1]
[OH]=ch=7.48x10°x10"'=7.48 x 10°°.

= 56x101=0.11?

K, 10714
[H]= — = —~
[OH] 7.48x10
= pH=_8.8approx.

=1.33x107.

26

27

28

29

30.

32.

34.

CK = LIx 101 = (14X 104Xy

so we have x +y = 3 (by comparing values)

ol 1.1x107" _ 1o,
0 YT 4x1.4x1.4x1072 T 1.96x1.4
Hence x=1,y=2 or
y=1,x=2
It is factual.
[Salt]
.pH=pK + lOg—[Acid]
. The salt hydrolysis in each case occurs execpt NaW

because its. pH = 7. Thus HW is strongest acid.
[Salt] 0.2

.pOH:pr+log —[Base] =4 +log a

.. pOH =4 +1log2and pH =10—1log?2

C.H,NH; CI;C HNH; + H,O=—— C HNH,OH + H"

y X
Thus y is C.H,NH; and x is acidic.
Aspirin a weak acid is unionised in acid medium due to

common ion effect and completely ionised in alkaline
medium.

. €O, (aq) +H,0 (ag) =—— HCO, (aq) + H"(aq).

[Salt]
pH=—logK + logm

Let a mol litre! be concentration of salt, then
concentration of acid = (0.29 —a).

a
44=—log 1.8x107+log 5755y

a=0.09.
[Salt] =0.09 M
[Acid] =0.29 —0.09 = 0.20 M.

. For neutralisation :

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

HA+BOH —— BA+H,0
Megq. before reaction 2.66 1.2 0 0
Megq. after reaction  1.46 0 1.2 1.2
The resultant mixture acts as a buffer and [HA] and [BA]
may be placed in terms of Meq. sincen volume of mixture
is constant.
[Salt]
[Acid] ©*

1.4

pH=-logK +log 5=-1logK +log

K =822x10°.
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39.

40.

42.

45. pH = 4

. pH=— logK +log

- NH,+HClin2: 1 will give NH,+NH,Cl in 1 : 1 ratio.

[Salt]
[Acid]
[Since K xK, =10"* Given K, =10

1
=—log 10+ log 1 =4

K =104]

. Meq. ofacetic acid =50 x 2 =100

Meq. of CH,COONa =10 > 1=10

[Salt]

pH =-log K +log m or pH=-log

10
105 +1og 100 =4

(a) NaF — Na* + F
0.1 0.1 0.1
CaF, — Ca* + 2F
(2x+0.1) = 0.1
K, =x(0.1> =34x 10" x=34x10"

S|

Na,CO, =—= 2Na° + CO}*

2x001 001

2Ag + COX

2x (x+0.01) ~0.01

Ag,CO

N =
K, =4¢(0.01)

K, =4s=4x10"=4x*(0.01)
Let K of AgCl =x

= x=107

() solubility of AgClin pure water=s, =,/x

e . _ _ X
(b) solubility of AgClin 0.01 M CaCl,=s,= .02
(c) solubility of AgClin 0.01 MNaCl=s, = ﬁ
(d) solubility of AgClin 0.05 M AgNO, =5, = 5=

So s, >s,>8,>s5,

= [H1=10*M= [OH]=10""M
Al(OH); ——AI" + 30H"

K, (Al(OH),) = [AI"] [OHP
[AF][OHP=1%x10

[AIF] (10710 =1 x 10 = [AI?]=10°M

48. K =1.8x107°

Precipitation of AgCI will occuir only where
K, (AgCDH>K

10 10
K,= x =25x10"
2
K,>K,,  precipitate is formed.

51. AgCl —> Ag* + CI'

KS
P
0. [Ag'] ion required to precipitate Cl- ion = [CI]
10710
= =2 x 10" mol/L.
0.05
_ KSP
[Ag'] ion required to precipitate I ion = ]
4x10710
=———— =8x10""mol/L.
0.05

Since [Ag'] ion conc. required to precipitate Agl is less
than the [Ag"] ion conc. required to precipitate AgCl,
Agl precipitates first.

Hence choices (A),(B) and (D) are correct while (C) is
incorrect.

AgBI' :AgJr + Br
X X y y
x+y) x x+ty) vy
So[Ag']= [Br]+[CI]

52. AeCl — Ag" +CI

(x+y) x
AgCNS —> Ag™ + CNS-
(x+y) vy
Kep (AgC)  x  [CT']
Kgp (AgCNS) vy [CNS7]

< [cry X 18x107'°

o — - — oY

[CNST] Yy 1.6x107'!
=1.125x10 =11.25

X

= _ =1125 x=1125
y

K, (AgCl) = [Ag][CI] = (x+y)x =1.8x 107
1225y 11.25y=1.8x 101

. 18x107"
o9
12.25x11.25
_ 180x10712
Y T 12.25x11.25
y?=1.3x10"
y=1.14x10°¢

x=1125%1.14x10° =12.83x10°
[AgT]=[x+y]
=12.83x10°+1.14x106=13.97x 10°=14x10°M
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54.  Ca(OH), = Ca*+20H"

t= =0.02
0 74 =0.0 0 0

t 0 0.02
S0, pOH=2-log4=1.4
SO pH=12.6

0.04

56. Cd* + HS——>CdS| + 2H'

m.moles 0.1 0.2

Total m.moles of H in solution after the reaction
=02+0.8=1

1
[H]= = =0.01M

100 = pH=2.

57. CaF,(s) = Ca™ + 2F
s 2s
453:Ksp:4XIO’“ = s=2.15x10*M
So, amount of F~in 20000 It of water =2s x 20000 = 8.6 mol.

58. For different salts such as AB, AB, , AB,,
K, =s%,4s% 27s"........... respectively. IfK_ is same for
different salts, then s is more for the salt in which more
number of ions.

59. Let S is the solubility of BaF, in a solution of BaNO,

Then K, =[Ba*][F ]~
Then [F]=2S;

1
Then ) [F]=S

60. Find solubility for each separately by S* = K, for MnS
and ZnS. 1088° =K, for Bi, S, and 48’ =K, forAgzs

61.CaCO, =— Ca™ +CO,>
X X
(xty) x

CaC,0, = Ca” + C,0,>

274

y y
(xty) 'y
Kgp (CaCOs3) X
Ksp (CaC204) w3 xSy
(x+y) =8x107°
By+ty)=8x10"= y=2x10° x=6x10"
K, (CaCO,) = [Ca"”][CO,7]
= 8x10°x6x107°
48 x 1071
K, (CaCO,) = 48x107

' 62. For AgClI precipitation

KgpAgCl 1071
[Ag']= —— = =2x10"
[CI] 0.05
For Agl precipitation
KepAgl 4x107'°
Ag'l= = =8x10"
Ael=" 0.05
Thus Agl will precipitate first. AgCI will precipitate only
when,
[Ag7=2x 10" Thus
(1] Ax102 2x107M
a2V
et 2x107

63. Solubility of AI(OH), is lesser than Zn(OH),.
64. Presence of common ion decreases the solubility of salt.

65. For precipitation of Ag CO,.

Kgp  6.9x107"7

[COS =" 3n =55 =69x10°
[Ag'T [107]
and for precipitation of BaCO,.
Ksp  8.1x107°

[CO% 1= = =8.1x10°
66.K_, of PbCL, =4s*=4x(0.01)> =4 x10°°

In NaCl solution for PbCL; =[Pb**] [CI ]

or 4x10°=[Pb*][0.1] [Pb*]=4x10*M
67. Solubility of BaSO, = \[Kgp = +/1.1x1071°

=1.05x10°M
wt.of BaSO,=1.05 x 107 x 233 =244.37 x 107 g/litre.
Volume of water needed to dissolve 1g BaSO, is equal to

S o 1aos =40litre
244.37x10

68. K, =410 =[MT[OH T =[104][x.10F
_X (104)14—){

Thus shows that x =2

69. K, of Ca(OH),=4s’ =5.5x 10°

f -6
s=3 % =1.11x 107

[OH]=2s=2x1.11x107
pOH=1.65 . pH=12.35
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70. [Mg>][OH=1x10"2;

-12
[OH]=

=10
0.01

or pOH=5.
and thus pH =9.

71. The K, values are in the order :

AgCl>AgBr>Agl.

72.AB, =—— 3A¥ +2B*
KSP: [A2+]3[B3+]2.
K, =(3s)’ (25)*=108s’
73.Kg, = [M"] [anion] ;  [M"] required to precipitate MA
is less and MA precipitate first.
74. AgCl ﬁ Ag'+ CI' ; AgBr ﬁ Ag" +Br

X X y y

In simultaneous solubility solution contains
[AgT=[CI']+[Br]

T4 4 _KSP 4 10_35 -10
75. Solubility of M(OH), = 27 = 7 =7.8x10
. Ksp
Solubility of M (OH),= 3 e 6.3x 10"

Solubility of MOH = /K¢, =104

76. MgCl, + 2NaOH — Mg(OH), + 2NaCl
mmbefore 10 20 0 0
reaction 0 0 10 20

Thus, 10 m mole of Mg(OH), are formed. The product

s 0] 27
of [Mg>][OH]? is therefore 200 | * 500

=5 x10"* which is more than K, of Mg(OH),. Now
solubility(s) of Mg(OH), can be derived by

K, =4s’

12x1071
T4 | =l4x10°M

[OH ]=25=2.88x 10*M

9. HA + OH

Part #11 : Assertion & Reason

1. Due to very strong extent of hydration of H" ion.

3. Since K of HCN is less than that of HF, so CN" is stronger

base than F~

6. NH, acts as weak base in aqueous solution. HCI acts as

strong acid in aqueous solution.

7. Due to common ion effect, [H*] increases therefore
ionization of HCOOH decreased.

8. At 25°C, pH of any acidic solution can not be 7.

— A+ HZO

At the half equivalent point, [HA] = [A"]= pH=pK,

10. Due to complex formation solubility of sparingly soluble
salt increases.

EXERCISE -3

Part # I : Matrix Match Type

1. (A) [H]inHClsolution=10"M

[H']in H,S solution= {/Kz3 xC =10*M
so [H']in HCI solution <[H"] in H,S solution

& [OH]in HCl solution > [OH ] in H,S solution
& degree of dissociation of water in HCI solution >
degree of dissociation of water in H,S solution
pH of HCl solution > pH of H,S solution.
(B) At pH = 4.74 in CH,COOH solution, [CH,COO"]
=[CH,COOH]

1
degree of dissociation of CH,COOH = 5

AtpH=9.26 i.e. pOH = 4.74 in NH,OH solution,
[NH,"]=[NH,0H]
degree of dissociation of CH,COOH = degree of
dissociation of NH,OH
degree of dissociation of water in CH,COOH solution >
degree of dissociation of water in NH,OH solution.

(C) [H] in CH,COOH solution = /] 8x1075 x0.1
=18 x10°M
[H'] in HCOOH solution= /1 8x10~4 x1

=18 x10°M

so, degree of dissociation of CH,COOH = degree
dissociation of HCOOH.
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(D) [H]in HA, solution= /10=5x0.] =10°M

[H']in HA, solution = /10=¢ x0.01 =10*M

so [OHTinsolution of HA, <[OH]insolution of HA,
pH in solution of HA | < pH in solution of HA,

& degree of dissociation of water HA| < degree of
dissociation of water HA,.

2. A H,C,0

27274

+ OH —— HC,0,; + HO

m.moles 50 25
25 - 25
Buffer solution pH = pK
(B) HCO, + OH —— HC,O, + HO
m.moles 50 50
- - 50
PKa1 +pKaz

13
Amphiprotic, pH = =5 = 6.5.

2
(©  HCO, + OH —— HC,0, + HO

27274 2

m.moles 50 75

- 25 50

HCO, + OH —— CO> + HO
m.moles 50 25

25 - 25

Buffer solution pH = pK .
D) HCO, + OH —— HCO, + H,0

27274 2

m.moles 50 100

- 50 50

HCO, + OH —— czog* + HO
m.moles 50 50

- - 50
Salt hydrolysis, pH > 7.

Part # II : Comprehension

Comprehension#1 :

2. Since K, of CH,COOH & K, of NH,OH are same so
degree of hydrolysis of CH,COO™ & NH," are exactly
same.

Comprehension #2 :

[Base]

1. pH=pKa+logW
B A01x500° 7
[Base] = 500 =0.01.

2
[NH,"] = % : Letamillimole of (NH,) SO, are added.

[Salt] = [NH,].

0.01
pH=9.26 +log m

0.01x 500
8.26=926+log————.

a=25.
Mole of (NH,),SO, added = 0.025.

Let V mL of NaOH be needed to give CH,COONa.
NaOH + CH,COOH —— CH,COONa + H,O

02xV  50x0.2 0 0
— [10-0.2V] 02V 02V
[Salt] [Salt]
H=pK +1 =pK_-pK +1 :
PH=PR, *logr gy ~ P P Hlog gy
14926+ log LAY
[Acid]
[ 0.2V ]
| 50+ V |
—14—9.26+10g—10_0'2v
| 50+V
{ 02V } 10
4.74=4.74 +log —1070'2\] . V= 04 =25mL.

CH,COONa + HCl — CH,COOH + NaCl
1 1 0 0
0 0 1 1

1
[CHLCOOH] =3 1.

[H]=Ca=C % =K, C= \/K_a or

1 1
H =— — logK = —pK.
p 1 2 Og a 2 p a
CH,COOH + CH,COONa
1 1

1
pH=pK, +logI.

pH,=pK, .
pH, l
pH, 2~
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Comprehension #3 :

1.

For StF, in pure water
ds’= Ksp

For SrF, in 0.1 M NaF solution
s,(0.1y°= K,

= 4s’=s5,(0.01)

256
= 4s’=s X F (0.01)

= 5,=8x10*M
: Ksp:4sl3:2.048><10*9

[SP],=0.0011=11x10*M

[Sr**],=2x10*M

[Sr*] precipitated =(11-2) x 10*M

=9x10*M

[F-] needed for this precipitation=2 x 9 x 104=18 x 10*M
Also,  [Sr],[F]=K_=2.048x10°
But, [Sr*] =2 x10*M
[F],=32x10°M
Total [F]needed=3.2x 107+ 18 x10#=5x10°M

5x1073 x 42
10

NaF needed for 100 ml solution= =0.021g

SrF, —— Sr** + 2F
s 2s
F~ will react with H" to produce HF
F-+H ——HF
K 1 [HF] 7
- Ka [HF] 107

[HF]=7x 10°[F][H']

=7x10°[F]x10°=7[F]
Here, [F]+[HF]=2s

(6 [H]=107; pH=5)

S
(F1=7%

4
$s=3.2x 107 mol/L

2
S
K, =s (j =2.048x 10

Comprehension #4 :

1.

Suppose volume of HCO; =V mL
millimoles of HCO, =5V
millimoles of H,CO,= 20

pH = pK_+ log —[HCO;]
[H,CO;]

\
7.40:6.11+10gz, V=78 mL

If CO, escapes, [H'] decreases, hence pH increases.

Comprehension #5 :

Phosphoric acid with three ionisable hydrogens ions is
a tribasic acid. H-atoms are attached to O-atoms,

If first step is only taken

Tk -1 0
pH= E[p & —l0gc] c=[H,PO,]=0.05%

= 00540 i1t M= 5 1 x 105 M

“loge=23, pK, =2.12 pH=221

[H'T[PO; ]
[H;PO, ]
3log [H'] +log[PO; ]

=Ka Ka Ka
1 2 3

=logK, +logK, +logK, —log[H,PO,]

3pH-log[PO; J=log[H,PO,]=PK,, +PK, +pK,
21-1og[PO; 1-3=2.12+7.21+12.32

log[PO; ]=-3.65

[PO; ]=2.24x10*M

Zn,(PO,), : **f 3Zn*+2PO,"

K = [Zn* T [PO, T
9.1x107=[Zn*T(2.2x 10’
[Zn*T=1.88x10% [Zn*]=5.73x10°M

EXERCISE - 4
Subjective Type
HCI  HSO, NaOH
2
milimole 20 40 E x1000=50
milieq. 20 80 50
remain milieq. of Acid =50
50x107°
[H] = XT 10> M = pH,=2

Now Total milieq. of Acid=(50+ 10 x2)=70

4x10°

milieq. of NaOH = =100

As milieq of Base is greater than milieq. of Acid so
resulting solution is Basic

Remaining milieq. of Base =30

1 3
[OH ] = % =6x10°M
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pOH=3-log6 =222 = pH,=11.78
So change inpH =11.78—-2 =9.78

3. (i) CH,COOH=02M

[H]= K, xC =2x1075x0.2 =/4x107
—2%10°
pH =3-log2 =27

2x1073
Coa=[H]1 = a=—"—"—"—"—>> = a=0.01
2x10
(i) HCI —— H' + CI
0.1 01 0.1
[H]=0.1 pH=1
CH,COOH — CH,COO" + H*

02 0 0.1
02(1-o) 020 0.1+02a =0.1
:—O'ZWO'IzleofS a=2x10*

2 0.2

(iiii) [CH,CO0]=0.2%2x 10*=4x10°5

1x1072 -2x107*

1x1072 * 100

(iv) % change in o=

= -2 <100 = 98 %
5. pH =6

[H]=10°

NlVl = N1V2

7 10
= 10°x1=N,|1+3 = 10°=N,x —=

N :i x 10
210

[H]<10°
So [H*] of water is also added. as common ion effect
on H,0 is neglected so
[H]=3x107 +107=4x10"M
= pH=7-log4=7-0.60=6.4

= N,=3x107

6. HA+NaOH — NaA +H,0; or
HA+OH —A +H0
oo ATIIHO]
= [HAJ[OH™]
[H'][AT]
Also HA ——H'+A" K=——
@ [HA]
Keq 1
=——0orK =10°x10"=10"°  Thus for
Ka KW !

A +H,0 == HA+OH

[OH ]=Ch=C |8 \/E - \/—1014 0L oom
C K, 107

[H]=10 and pH=9

7. Asc +H,0 = HAsc +OH-

: Ky /K_wc
[OH]=Ch=C Ic - JK;, .C = K,
/10‘14x0.02
= — =2 X
5x10

B 1><10714
]_ 2)(10_6

e]- (e

=10 or 0.01 %

10°¢

=5x10"M

Also h=

" \5x107°%0.02

- N + _
9, HA + HO — H/O + A
_[H;07][AT]  C%a?
= [HA]  C(O-a)
withinanerrorof10% C(1-a) or C—-Ca=0.90C.

or Ca=0.10C.

2 C
« - (01002 _ €

. 0.90C 90 or C=90K.

10. Letamole of Ca(OH), be dissoved in 250 mL solution to
have pH =10.65.

. 7a><1000 —daM
[Ca(OH),] = — == =4a
Ca(OH), —» Ca* +20H"

Complete ionization
Initial moles 4a 0 0
Finalmoles 0 4a 2x4aM
[OH]=8aM

1014
8a

[H]= = pH=—log[H']

1014 1014
10.65=—1log 0 = 0
8a 8a

a=5.58 x 10 mole.

=2238x 10"
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2
1. K = &%
P l-a
4002+ —1=0
a=0.146
[H]=Ca=1.75x10°M
pH=2.76

12. (CH,),NH,+H,0 —— (CH,),NH," + OH

base acid
[(CH;),NHJ]J[OH ] co.ca co?
~ [(CHy),NH,]  ~ o(l-a)  (I-a)
54%x10*=0.02x 0.
a=0.164.
ca

Since  a>0.1,we willuse K, = m or

sax 104 202 o’

(I1-a)

Now  a=0.151

In presence of NaOH, the dissociation of diethylamine
will decrease due to common ion effect. Thus
0.1+ca=0.1+coa=and0.1 & (1-a) =1

cax(0.1+ca)

= 4 — =
Thus K, =54x10 cl—a) ax0.1.
or a=5.4x%x103=0.0054.
13. CHCOOH —— CH,COO + H*
1 0 0
l-a o a

(PK,=—logK =4.74,

COL2

K=o ~

K -5
Loa= ,/—" = JM =0.019 or 1.9%.
c 0.05

Always calculate a first by K, = co’®, if o> 10% then use
again.

K, =1.82x10%)

co? (1-ax1).

B ca’
T (-
(a) If H" are already present (due to HCI)

K

CH,COOH —— CHCOO + H°
1 0 001
c(1-a) ca [0.01 + ca].

[CH,COO |[H']
~  [CH,COOH]

cax(0.01+ca)
B c(l-a)

Since prsence of H will favour the reverse reaction or o
will decrease.

ie., 0.01+ca=0.01 and 1-a=1
(due to common ion effect).
0.05xax0.01
1.82x10°=—"

0.05
. a=1.82x10"=0.0018.
(b) Similarly solve for 0.1 M HCI
o =0.00018.

N . "
14. CH,OH+CHN = C,H,0 +CHNH

KaKb
_ _ -5
K=" =234x10

w

K being small and thus neutralisation does not proceed
very far towards completion.

15. HCOONa + HCl ——— HCOOH + NaCl
InitiallymM  6.25 0.25 0 0
Finally mM 6 0 0.25 025
H=3.75+1 6 =3.75+10g24=5.13
pH=>5. 0og 025 =DJ. og =D.
0.25
Also  [HCOOH]=—0= =4.17x10°M
16. HA — H + A
t=0 02 0.1
- 02-x X 0.1+x
C[HTI[AT] x(0.1+%)
a [HA]  (02-x)
2
— 0.05= w
02-x

= 0.01-0.05x=x>+0.1x
x2+0.15x-0.01=0

x=0.05M
G wtof NHy 10
- VIRt of solution 100

100 g dsolution contains 10 g NH,
M, =(10x1000)/[17 % (100/0.99)]

(.. 'V =mass / density)
Now NH, +H,0 — NH,OH NH,"+OH"
Before dissociation 1 0 0
After dissociation (1-a) o o
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[OH]=C.a=C /(K,/C) = /(K,.0)

[..C=58MandK,=k /K =10"/(5x101)
=2x107]

[OH]=\[2x107°x5.82] = 1.07x102M

[H]=10"%1.07 x 10°2
=0.9268 x 102 M
pH=—log [H] = log 0.9268 x 10> =12.0330

18. Dissociation of H,S can be represented as

(a)H,S =——H'+HS

(h)HS ——H'+S*
+ -1
(HTIHS"] _

From the first ionisation of H S = [HS] o

Since H,S is weakly ionised and its ionisation is further
decreased in presence of highly ionised HCI,
concentration of H™ in solution will be mainly due to
HCI. Thus [H"]=0.2 M.

Substituting the value in the above reaction

0.2[HS ]
0.1
[HS]=5%10*M
From the second ionisation of H,S,

=1x107

H*[s> 0.2x[S%~
S ] =Ka, or g =1.3x10"

[HS™] 27 5x1078
[S2]=3.25x102°M

19. HA —— H' + A
c(1-a) co co
H=pK +1 L K +1 -
= +log —— = +
PH=pK, +log - =pK +log Tq 0y

a
pH:pKa+1og [l—aj =pK, -

I-a
log = =pK,—pH.

1-a (oK —pH)
T =10'\Pra=P

1
%7 141008 PH)

1
20.

HA ——— H' + A

cC—X X X
[H]=x=1.5%x10"M

(1.5x107%)?
c-1.5x107"
c=2.4x10"3M.

2.5%x10°%=

21. B,H,+6H,0 ——> 2H,BO, +6H, .

1 1000

m x —— =(.725

1 =c=2 X
concentration H3B03 c=2 100

HA——H + A~

[H]= JKye = /7.3x10710x0.725 = 2.3 % 10°.
pH =-log[H"]=4.64.

22. meq.of H'=10x0.1+40x0.2x2=17.
H']= Z*0 34
[ ]_ 50 — V.o
pH=0.47
23 0 10-9.9 0.1 9.1 x 10
. = = =01 x
3. TH 109.9 109.9
pH=4.0-10g9.1=3.04
24. pV=nRT
(740-23.7) 100 .
B Sl P N _
" 760 0.0821x298
=3.85x10°M
[HCI]=3.85x 103 M=[H"].
pH=3-10g3.85=2.41
25. CHNH,+H,0 C.H,NH; +OH"
_ [CgHsNH3][OH ]
Thus, K, = [CHoNH, ]
107" 10¥x[OH]
2.4x107 0.24
[OH]=102M
26. pH of Final Solution =1
pH=1
[H]= 10"
Initial — M = Pxdx10 365x10x1.25 M=12.5
nitial > M= —F=r = 36.5 =12.
NV, = N,V, = 12.5xV, =10"%x2.5
2.5 )
v, = 125 V,=.021it =20ml
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27.

28.

HPO, —— HpPO, + H". 29. HCI ___, H' + CI
0.I1-x Xy xtytz. 001 001 001
HPO, ——— HPO> + H'. CHCLCOOH == CHCLCOO + H’
Xy y-z y+x+z. 001 0 001
HPO; —— PO} + H" 0.01(1-a) 0.01a 0.01+0.01a
y-z z Xty+z. 0.0l [0.01+0.010(] \
GGy X K= oora-ay 72000
al 0.1-x 0.1-x 0.0102+0.01 =2 x 102
(y + z are very small compared to x) 10202+102 0 =2 x 102
2 o?t+oa-2=0
7.5%10° = = x=0.024M
0.1-x X 2+1+8 243
a= ) =T, = a=0.56
(-2 (x+y+z)  yx
K, = x—y =5 Y [H]=102+102x0.56 = 1.56 x 10>M
y=62x10% (here z<<y) [CHCLCOO]=0.01 ¢ =5.6 x10°M
_z(x+y+z)  zXx 30. pHof(Na,C,0,) C=0.5%x107
v y-z y 1 1
pH=7+ —-pK, + — logC
z=K_. Y =93x10"M 2 2
X Here pK,, =[6—log 5]

- [H,PO]=0.1-x=0.076 M
[H]=[H,PO,]=x=0.024 M
[HPO*]=6.2x 10*M
[PO,"]=2=93x10"M

w

1 1
pH=7+ by [6—log 5]+ EY [log5 x 10

1 1
=7+ 5 [6—log 5]+ 5 [log5—-4]=28

[OH]= '] =4.17x10"M
[H]=10% So [OH]=10°M
— N + o4 —
HA S H A 31. AIC, C=0.15M (AICL, is SAWB)
Co—x x+y X
[A®H 0) ** +H,0 — [A®(H,0).OH}** + H.O*
HZO N H + OH 26 2 25 3
Xty y At t=0 0.15 - o o

[H]x At t=t 0.15 (1-a) 0.15a 0.15a

K = H+ :1 —14:K eq
T op-x [y~ 1075=K, K,=15x10°
Where [H']=x+y. 0.150x0.15a
K= 015l —q] —15%10°

Ky K,Cp A5[1-a]
y= X = .

[H'] K, +[H"] = 15x10" ?=15x10"

K K,c 2=10+*
[H]=x+y= \i/ a O+ . = o
[H'] K, +[H] = a=107?
10° =107 [H,0]=0.15x102=1.5x 10°M
K, +107° 3 : :

K +10°=100K_
1073
K:

a

~107° .24

pH=3-log1.5=3-0.18=2.82
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32. HCI — H* + CI

w
w

34.

36.

0.1 0.1 0.1
HS =— 2H +
0.1 0.1 0
0.1-x 0.1+2x x
~0.1
[H ] [$*]
— x 10 2= —mm
K, 1.1 x10 [st]

[S2]=1.1x10>'M

. HSac — H" + Sac

3
0.002x10 0 o
250
8x 107 1020

8x10°(1-a) 102  8x10%a

1072[8x10 0]
K= 8x107 -
[Sac] =8 % 103 %2 x 1070=16 x103=1.6 x 102 M

=2x10" = oa=2x10"

CH,OH (Phenol) ——> Weak acid K =1x 107

C6HSOH = C6H507 + H*
C 0 0
C-Ca Ca Ca

K,=Ca? =1x10"

1x107"°
o= XO 03 = J20x10710 a=447%10"°

[CHO]=447x10°%0.05 =2.42x10°
[C,H,ONa]=0.01 M

CHONa —— CHO- + Na’

0.01 0.01 0.01

CHOH —— CHO + H"

005 001 0 37.
0.05(1-a) 001 0.05 0
[0.0501001 o
[0.05a]J001 U
0.05 N
HPO, = 28 _ 102 Mol
98 ole
-2
= [MPO]=— o ¥10°=01M
pH=5 [H]=10"
H,PO, & H,PO,”
H =pK. + log 2P0al
s V- [H3PO,]

[H,PO4] . [HPO,]

=3 +1 =10% =
°% [H,PO,] [H3PO,]
[HZPO;] =10? [H3PO4] = But [H3P04]+[H2PO4*] =0.1

H,PO,+102[H,PO,]=0.1 = [1+10%[H,PO,]=0.1

=

[H,PO,]=10°M = [H,PO,]1=0.1M
[HPOS |
For H,PO, & HPO,> = pH=pK, +log -~ "7 [H, PO4]
[HPOF ] [HPOZ ]
5=8+log m = —3=log m
[HPOZ ]

—103 271 =103 -
(H, POL] 10° = [HPO]=10°[H,PO,]

[H,PO, ]+ [HPO2 ] =0.1 = [H,PO,]+10°[H,PO,]
=0.1

[1+10°][H,PO,]=0. = [H,PO,]=0.1M =
[HPO,*] = 104 M

Again
[POL’] [PO;’]
pH=pK , +log [HPOZz] = 5=12+log [HPOZZ]
[PO4] ]
107= [HPOL] = [PO,*] =107 [HPO,?]

[HPO,?]+[PO,*]=10* = [1+107][HPO,?]=10"*
[PO,*]=107= [HPO,?]=10""M

(a) At eq. point
No. of milieq. of Base = No. of milieq. of HCI

0.252x1000

=0.14 x40
Molarmass

‘. Molar mass of base = 45
(b) BOH + HCI — BCI + H,0
t=0 5.6 0.14x20

5.6 2.8 0 0
2.8 0 2.8
Basic buffer
pH =10.7 So pOH =3.3
pOH= pK, =3.3

K, = Antilog (- 3.3)=Antilog (1 - 0.3) x 10 =5 x 10~*
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38. K, (NH,)=1.8x 10

CH,COOCH, (aq) + 2H,0(aq) —> CH,COO(aq)
+ H,0"(aq) + CH,OH(aq)
[NH,"],=0.1 M, [NH,]=0.06 M, [CH,COOCH,],=0.02M

[NH; ]

pOH =pK, +log m =4.74+log

(pOH)

initial

=4.74+0.22 =4.96

NH, (aq) + H" (aq) —> NH,"(aq)

0.06 0.02
0.04 -

0.12 0.12
(POH);,, = 4.74 + log 5oz = 4.74 + log| 0

0.1
0.12

=4.74+1log3 =4.74+0.48=5.22

(pH),,, = 8.78

ApH=9.04-8.78 =0.26
Yes this is satisfactory buffer.

o

(pH)initial = 9' 04

mole
mole

0.04

40. LetVmL of NH 4OH be mixed with NH 4Cl to have a buffer

of pH 8.65.

The total volume after mixing becomes (V +30) mL.

mmole of NH 4OH =

03xV

03xV

~.[NH,0H] =

(V +30)

mmole ofNH4Cl =0.2x30

0.2x30
NHCI= (v 430

Also pOH of buffer mixture is given by :

pOH=pK,

[Salt]

+log _[Base] or

(0.2x30)/(V +30)

4-865=474+hog" (3P y 30) POH=14-pH)

6

0.6:logm.

V=5mL.
Similarly calculate

[1410=4.74+10g

V=111.11 mL.

0.2x30/(V; +30)

0.3xV; /(V; +30)

]forpH—lO;

' 41. Initial pH of solution when,

0.1 0.1
[NH,]= BN and [NH,CI]= —
[Salt]
[Base]

pOH=-1log 1.8 x 10+ log

=—log1.8x 107+ log % =4.74
pH=9.26
(i) Now 0.02 mole of HCI are added then
HCl + NHOH —— NH,CI + HO

Mole before 0.02 0.1 0.1
reaction

Mole after 0 0.08 (0.1+0.02)
reaction

Volume =1 litre

0.08 0.12
[NHOH]===  and  [NHCI=——

0.08

pOH, =—log 1.8 x 107 +log =492

pH, =9.08
Change in pH=pH —pH,=9.26 -9.08 =+0.18
Change in pH = 0.18 and pH decreases
(ii) Now 0.02 mole of NaOH are added
NaOH + NH,CI —— NaCl + NH,OH

Mole before 0.02 0.1 0 0.1
reaction

Mole after 0 0.08 0.02 0.12
reaction

pOH,=—log 1.8 x 10~ +log

pH, =9.43
Change inpH=pH-pH2=9.26-9.43=-0.18
Change in pH =0.18 uniti.e., pH increases.

012 =4.57

42. LetVmL of0.1 M HCOONabe mixed to 50 mL of 0.05 M
HCOOH.

0.1xV
(V+50)

In mixture [HCOONa] =

50x0.05
V+50

[Salt]

pH=-logK +log m

[HCOOH] =

(0.1x V) /(V +50)
2.5/(V+50)

4.0=3.7+log

V=50mL
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44.

46.

47.

[Salt]
. Weknow, pOH=-logK, +log m
3 a
5=4.7+log g
a
P 2 a=2b
Given a+b=0.6
2b+b=0.6
. 3b=0.6
or b=0.2mole or 02x17=34¢/L
a=0.4 mole or 0.4x53.5=214¢gL
Thus, [Salt]=04M and [Base]=0.2 M

31.8
m. mole of CO;> = ———=x1000=300

106
m. mole of H"=150 x 1 =150
Co + H" ——> HCO,
=0 300 150
150 - 150
2—
H=pK +1 M—103
so pH=pK +log [HCO3_]7 3.
. K, =co’=0.1x(0.01*=10".
HA —— H + A
0.1(1-o) 0.1a 0.1a+0.2.
0.1ax(0.10 +0.2)
10°=
0.1
a=5x107 (Therefore, 0.1c is neglected).

1
pH of CH,COOH = E) (pK, —logc)

3= = (pK,~log0.1) pK =5

a

N | =

1 1/4
7 stage of neutralisation : pH =5+ logm =4.52

3 - 3/4
2 stage of neutralisation : pH =15 + log 14" 5.48

NaCN + HClI is not a buffer but if HCI is in less amount
then, it gives a buffer as it produces HCN.

NaCN + HCI— NaCl + HCN
Mole added 0.01 a 0 0
Mole after (0.01—a) 0 a
reaction

48.

49.

This is buffer of HCN + NaCN
Let a mole of HCI be used for this purpose

0.01—a

pH=-log K +log

0.01-a

8.5=—log (4% 10'% +1log
a=8.89 x 103 mole of HCI

Casel: BOH + HCI — BCI+ HO
Millimole before  a 0.1x5=05 0 0
reaction
Millimole after (a—0.5) 0 0.5 0.5
reaction

pH=10.04

[BCI]
pOH=-logK, +log m (D)
pOH=3.96
0.5

3.96=—logK, +log m (2
Casell : BOH + HClI — BCI + HO
Millimole before a 0.1 x20=2
reaction
Millimole after  (a—2) 0 2 2
reaction

pH=9.14

[BCI]

pOH=—logK, +log M ..(3)

pOH=4.86

4.86 =—logK, +log . .(4)

K,=1.81x107

Let Molarity of C.H, (OH) COOH=M,

CH, (OH)COOH + NaOH ——— C,H,(OH) COONa
At end point

No. ofeq. of CH,(OH)COOH =  No.ofeq.of NaOH

=16.24x .02
0.3248
25xM,;=03248 = M, = s =0.013

Half neutrilazation
CH,(OH)COOH + NaOH — CH,(OH) COONa
0.3248 0.1624 0 0
0.1624 0 0.1624

[CcH5(OH)COONa]

pH=pKa, +log 10 [ om)coon] =47-PKa,

= Ky =2x10°

24
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CH

. pK,=11-log4.7=11-log4.7

Complate Neutrilization

,(OH)COOH +NaOH —— C,H, (OH)COONa+H,0
0.3248 0.3248 0
0 0 0.3248
C,H, (OH) COON: 2248 s 10°
= = X —
[CH, (OF) COONal =754 =7
C,H,(OH)COONa This species is amphiprotic species.
K, +pK 4.7+pK
So pH:p al TP8a0 — 75= P8a2
2 2
15-4.7=pK, = pK,=103
= K,=5x10"
. Let Acid is H,A
K 2
HA —o 5 HA- ——2 A2
ForHA-, pK,=9.7
and pK, =11.7 SopK,=14-11.7=23
HA- + HCI — HA +CI'
t=0 10 milimole  x milimole 0 0
(10—x) 0 X X
This solution Act as Buffer solution
| [HA"] | [HA ]
So pH=pK  +log 777 7 =2.6=23+log {7 -
PETPRITOE [H,A] ¥ [HA]
(10-x) 10-x
0.3=log = 2= = 2x =10
X X
—X
3x=10 = x=3.33 milimole

=11-0.672=10.328

NNa,co,
pH=pK, +log 0.3

NNa,co,
0.3

10=10.328 +1log (

0.3
log

Na,CO,

0.3

=0.32
0.323 0 Na,cO,

= =2.13

0.3
Whia,co, = {ﬁ} x 106=14.94 ~15 gram

X
. pH,=pK_ + logg

y
szsza+logg.

pH,—pH, :O.6:10g¥.
y=x10%¢=4x.
x:y=1:4.

I 53,

54.

We know that pH of a mixture of solution containing
weak acid and strong base can be calculated as below

a 2

H
P 2

pK, + = logc

1 1
=7+ X472+ > 10g0.05=7+2.36 0.65=8.71

LetNaHCO, +Na,CO, +KCl
Xg yg

At Ist equivalent point
Na, CO, + HCI ———— NaHCO, +NaCl
Milimole HCI consumed =0.15x 10 =1.5

[Y} -y 1.5x106
— | x1x =4 =—
106 > Y7000

At IInd equivalent point
m. eq.0ofNa,CO, +m. eq. of NaHCO, =m. eq. of HCI=35x0.15

=0.159¢

=4[ %2 =0.15%35x 107
= 84| 106 -

= 8i4 +(1.5x10%) x2=5.25x 10

~ (2.25x84) —0.189
=X 000 78

mass of KCI=0.152 g
0.159x100

mass % of Na,CO, = o5 =31.8%
0.189x100

mass % of NaHCO, = 05 =378%

0.152x100
mass % of KCI = 05 =304 %

- As the value of K is very law so we.

(a) can assume that almost all the Mg(OH), will Present
in solid state.

Mg? + 20H ___,  Mg(OH),
t=0 02 02 0
0.1 X 01

At the end of reaction [Mg™?]=0.1
K, [Mg(OH),] =[Mg?][OH ] = 1.6 x 102

o p 18107
= o= 7

= pOH=6-logd = pH=14-6+0.6=8.6

— [OH]=4x10°M

B3
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() Mg? +20H
01 0.04

— > Mg(OH), (s)

0.04
At the end of reaction [Mg™?]=0.1 — T 0.08

K, (Mg(OH),) =[Mg?][OH > =1.6x 10

1.6x107'2
0.08
.. pPOH= 6-log4.47
pH=14-535=8.65
(¢) Mg(OH), + 2HCI ——— Mg”? +2CI" +2H,0
0.1 0.04 0.1 - -
0.1-002 0 0.1+0.02
[Mg?]=0.12M
K, [Mg(OH),] =[Mg?] [OH > = 1.6 x 10>

[OH = — [OH]=447x10°

=535

1.6x107'2 4
oup = 0 T2 g
012 3
4
= [OH]=4/7%10 "m
= pOH=544 = pH=14-544=8.56

. (a)pK, (CH,COOH) =4.74

[CH, COOH]=0.25M, [CH, COONa] =0.15M

K, [CH,COOH]
M7= cH,co07]

-5
_18x107x025 o

0.15

e C[HTP S

H,S 2H" +S = K = s
(5] = 9x107%'x0.1 o

9x1071°

IP MnS)=[Mn"?][S?] =1.5x107 x10" =1.5x10"
IP<K,, — SoNo PPT is formed.

(b) For precipitation of MnS the minimum concentration
of [S*]

[Mn"?] [S*]=K,
1.5x102x[S*]=24x 10"
For this [S*]

= [$*]=1.6x10"M

K [HyS]  9x1072'x0.10

[HT =~ g oo 1S 10°M
K, [CH;COOH]
o — -6
1= "[cmco0] = 75710

60.

1.8x107°x0.25
[CH;CO0™]
[CH,COONa] =0.60 M

. Letsolubility of CaC,0, is s mole/lit

CaC,0, (s) Ca*” (aq) + C,0,” (aq)
s s

C,0,” react with H* to produce HC,0,- & H,C,0,

1
HC,0, K, = K_2

H' +C,0."

1 [HCy05]
Kz ~ [H'][C,03] ~ GO

Again this HC,0, react with H" as.

- [H'][C,077]
-

1
H.CO,K/'=

HC,0, + H

[H,C,04]
[HC,04][H"]
[HC,0,1[H"]

Kl
Puting the value of [HC,0,]

A
K1
= [H2C204] =
[H']* [C,077]

I<l KZ
Now [C,0,7]+[HC,0, ]+ [H,C,0,]=s

= [H,C,0,]=

i H'T P
[COZ*] 1+u+u —g
2 K, KK,

_1+ 0t 10
2 =
[COMT | 5x107  25x107 | 78

S
[C,0,7]= (5] = K,=[Ca”] [C,0,]=2.7x 10"

2
S?:2.7x1079 = s=9x10° M
Initial moles of Ag"=0.01 ; Initial moles of10,”=0.005
Initial moles of CrO,> = 0.1
Ksp of AglO, <<Ksp of CrO,>
Ag" first combined with 10,
Ag'(aq) + 10, (ag) —— AglO,(s)

24
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61.

62.

moles of Ag™ left after the above reaction=10.01 —0.005
=0.005
Now
2Ag" (aq) + CrO,* (aq) —> Ag,CrO, (s)
0.005 0.1
moles of CrO,* left after the above reaction =0.1—0.0025
=0.0975
At equilibrium
[CrO,7]=0.0975M
-8
=4 fL =32x10*M
0.0975

Ksp of Ag,CrO,
[AgT=

[CrO77]
Ksp of AglO, 10713
10,]= = ——— =3.125x10"M
0= Ag) 3.2x107*
Total moles of precipitate formed = 0.005 + 0.0025
=0.0075
[St(OH),] ——  Sr* + 20H
[St(OH),] = m =0.158M
[OH]=2x0.158M=0.316 M
or pOH=0.5. pH=13.5
[Sr*]1=0.158 M.
Co*" + I\le‘l4 = CO(N2H4)2+
t=0 0.01 0.02
. 00l-x  0.02-x X
=0.06
x=4x10°M
[N,H,]=0.016 M
L @x10)
K= (0.006) (0.016) il
Cu* +4NH, () = [Cu(NH,),]*
Initialmole  0.005 0.5x0.4 0
=02
K,=5.6>x10"

K, is large and thus all the Cu** will give [Cu(NH,),]**
Let Cu?' left is a, than
0.005

[Cu(NH,),J"=0.005 mole= —"=M  (0.005>>2)
[Cu*]= ——M (Let)
0.5
[NH,]=0.2—4x 0,005 +2a
=0.2-0.02+2a (0.18>>2a)
—0.18 mole= 212
. mole 05

¢ —s 6 jon - LCUONH) ™
> ~ [Cu®*][NH,]*
0.005
0.5

= 4
[Cu2+ J o 0.18
0.5
[Cu*] =1.06 x102M

64. BaSO, =—Ba* + SO/
s s
(where s M/litre is soluble of BaSO,)

(i) K,=sxs

s= Kgp = \1.6x107° =4 x 10~ mol litre™

(ii) Inpresence of0.10 M BaCl,, let s mol/litre BaSO, is
disolved
K, =[Ba*][SO]

1.6x10°=(0.1+s)(s) [(0.1+5)=0.1as5<<<0.1]

s=1.6x10°M
65. Pb* + 2CI° —— PbCl,.
o o .
101 ° 101 %Y
Pb** (10 1) ! 9.5 9.4x102M
= -~ >< = T . = o B .
[Po™] 2)7101 101
66. BaSO, =——— Ba* + SO .
s+ S
BaCtO, —— Ba® + CrO>

s+s’ s’
[B3.2+] =14x105= ﬂKSp'] + Ksp2

K, +K  =(14x10°)

On solving, K =5.6 x 10"
K ,=14x 10

5.6x107!!
0.01

=5.6x10"° M.

Solubility of BaSO, in 0.01 M Na,SO, =

B3
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67.

68.

69.

Taking density of water to be 1 g/cc.

CaSO 136 1000 1040 M
= X — = - .
[CaSOJ= 106 136
Concentration of CaSO, in saturated solution.
= Kgp =3x10°.
MV =M,V..
10‘1°><V1:3 X 10’3><V2.
\Z! Vi-V,
v, = g = v, =0.67.

For the precipitation of Mg(OH),
[Mg"]OH =K,
[OH]=5x107.

For NH, - NH," buffer solution,

_ [OH][NH,"] _(5x107°)(0.4)
S r— T oxl0S COIM.

[NH,]  — 07

Let final concentration of SO, in solution=[SO,*] _, =x
Mole balance equation for SO,*

(SO, Ty =[SO, ] + [SO,7]

initial combined

0.3x10 N N
0 ~0-1-[50,,+[50.]

0.I=x+ [Ca2+]combined + [Sr2+]
— 0.1=x+([Ca®]

combined

combined

Ca* ) + (IS Ty — [Sr7]e)

initial [

0.2

K, of CaSO,
= 0.1=x+ EE” A +

[SO4* Tien

(0,2 KspofSrSO4J
3 S04 en

02 2.4x107 02 7.6x1077
= Ol=x+|73"~ "~ |+ 3~

X X

= 3x2+0.1x+7.428 x10° =0
onsolving, x=[SO]  =7.26x10*M

2.4x107°

[Ca*] , = 726104 ~0.033M
7.6x1077

(S0 = 7 5ex10d — 105X10°M

100 =
70. [Ag'] concentration = 350 2 x ,3/%
=8.68 x 107,
100 =
[SO,*] concentration = 350 ,3/%
=434 %1073
[Pb*] = 29 2.8x107"% =3.78 x 107
350 ' ’ ’

[CrO,]=3.78 x107".
[AgT[CrO.]=2.85x10">K, of Ag CrO,.
[Pb>][SO,>1=1.64 x 10 <K, 0f PbSO, .
Only Ag,CrO, will precipitate.

71. For CaSO,, Let solubility be s mol/litre

Them s = \/KSP = \/9X10—6 =3 x 10° mol litre!

Thus, 3 x 1073 mole of CaSO , is soluble in water = 1 litre

136

= W =2.45 litre water

72. For Ag CrO, (s) ———2Ag + CrO o
2s S
K,=4s’= s=2x10*mol/lt.

Now,
CrO,> + Pb* ——> PbCrO, (s)

m. moles of CrO,* = m. moles of Pb**
50x2x10*=20X
X=5x10*M.

73. Letsolubility of Mg(OH), be s mol litre™!

Mg(OH), == Mg> +20H"
[Mg*][OH ]’ =K,

453=8.9x 1012

s=1.305 x 10 mol litre™!
[OH]=2 x 1.305 x 10 mol litre™!
pOH=3.58

pH = 10.42

74. Mole balance equation
[HCO, ],=[H,CO,]+[HCO, ]+[CO,*]
= [HCO,],

24
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76.

77.

Kai[H,COs]
[H']

K1 Ky [H,CO4]
[H']

+ Kal +Ka1 Ka2
[H'] [H']

= [H,CO,]+

[HCO,],=[H,CO,] (1

[HCO, ],

4.9x1077 . 4.9x10~7 ><10_12]

- 1
- [H2C03] [ + 10*8 (1 0*8 )2

= [HCO,],=[H,CO,](1+49+4.9x 107
[HCO, ]
[H,CO,]= %
0.0005
= nH2C03 = 30 =10~ mole.
Ka1[H,COs]
[HCO37] = [H+]
N 49x1077x107
= THCO; = 10 =4.9 x 10~ mole
. Ka1 Ka2[H,CO4]
[CO3 7] = [H+ ]2
. 49x1077 x107? x107°
Cog% = 102

= 4.9 x 10-* mole

. PbBr, =——— Pb* + 2Br.

0.8s 2x%0.8s

8x10° =4x(0.8°xs’ = s=5x10" mol/lt.

solubility of salt=15 x 107 x 368 = 1.84 g/It.

/ 7.1x107°
milli moles of [-=25x2 x 3 XT }

milli moles of Ag"=13.3 x M.
Ag'(aq) + T (aq) —— Agl(s)
Equatiing bothM = 4.55 x 102,

[F~] concentration when [Sr?*] is 2.5 x 1073

2.8x107°
= [ 77— =1.058x10°M.
2.5%10

Total m. moles of F—added =100 x [1.058 x 10 +2(0.016
—0.0025)]=2.8
Mass of NaF added=2.8 x 103 x42=0.1776 g.

' 78. [Ag][CI]=1.75% 1010
[Ag][Br]=525x 10"
525x107 13
= B o (]
5.25x107"

= W % (0.075)=2.25 x 10*M.
5%

79. 500 mL of 0.4 M NaOH are mixed with 500 mL of Ca(OH),

a saturated solution having Ca(OH), solubility as s M.

For Ca(OH), =——Ca> +20H
K, =sx(2s)* =4s’
Then, 4s°=4.42 x107

§=

-5
3| 4251 - oam

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

are precipiated
o Ca?] = 0.0223x500 001115
nmixing, [Ca*'] = —1000 = 0.
=111.5x10*M
- 0.0223x2x500 . 500%x0.4 oM
- 1000 1000

[from Ca (OH), | [from NaOH]
[Ca*][OH |* =K,
[Ca™],,[0.2223]* =4.42x 10

4.42x107
et [0.2223]

Mole of Ca(OH), precipitated = Mole of [Ca*]
precipitated
=111.5x10%-8.94x 10*=102.46 x 10*
Wt. of Ca(OH), precipitated from Ca(OH), solution
=102.46x10*x74=7582.04 x 10* g=759 mg

[Ca*] =8.94 x 10~ mol litre™!

80. For ~ CaSO, =——— Ca* + SO%

[Ca][SOF 1=K,
Let[ SOi‘ ] =a, just sufficient to precipitate CaSO, from

a solution having [Ca*]=0.005 M

_ 24x107°
0.005
[SO2" ]=4.8 x 10-3 mol litre™

Then, [0.005][a]=2.4% 10°

B3
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81.

82.

7x107
Concentration of CaCO, = 100 mole/lit

=7 x 10 mole/lit

K, 0f CaCO,= 49 x 107
when only [Ba*?] is 90% precipitated then only CaCO,
starts precipitation

then if & solution contain a mole/lit of Ca** & Ba*

49x10_10}

mole/lit

[Ca™][CO,?] =49 x 10 [CO,?]= { .

Now for BaCO, K = [Ba”][CO,”]

ax10  49x107!°
axiV 49x10

— -10
100 . 49x10

CaF, —— Ca” +2F

Let Solubility is s mole/lit

CaF, —— Ca™ + 2F"
s 2s
The F~ react with H" to produce HF

F +H" ——— HF
1 [HF]
7K, TIFIHT

C[F1MH]  [F][HY]

K, 3.45%x107*
[HF] =2.9 x 10° [F] [H']
(A)atpH=7 [HF] = 2.9 x 10 [F ]
But the solution contain [HF + F-] =2 [Ca'?]
[29%x104+1][F]=2s [F]=2s
K, =4s=04x10" s=(10x10"2)»=215x10*
(b)AtpH=s
[HF]=2.9x 10°[F]x 10° =2.9x 102[F]
[F]+HF =2s = [F]+0.029[F]=2s

= [HF]

1
[F][1.029]=2s = [F]—(l_ozgszs

2
1
Kw_4s3(L029) =4x10" = ¢ =(129)x 10"

= (10.6x107'2)5 =2.2x 10°*

I 83.

84.

85.

86.

Volume of both AgNO, & HCN are equal so. There
concentration is half

[AgNO,]=0.01 M [HCN]=0.01 M

HCN —— H'+CN- K,=4x40" ... (i)
1

Ag +CN  ——— AgCNK=13— ... (ii)
a

on adding equation (i) & equation (ii)
Ag'+HCN —— H'+AgCN K'=10°

As the volue of K' is very high so almost all Ag” & HCN
converted in product

K
Ag + HON —— H'+AgCN(s) K'= K—;:l x 108

001 0.01 0 0

X X ~0.01 =~0.01
0.01 )

K'= (x)2 =10

X?=10%= X=10*
Conc. of [Ag"] =107
Given, MBr, — MBr, - — M? +2Br-
MBr, +H,S — MS + 2HBr

K, of MS =[M*][S*]
6x102'=[0.05][S*]

[S2]=12x10"M

Thus, MS will be precipitated if H,S provides 1.2 x 10"
M ions of S*

Now for H,S —

H,S = 2H'+S*

[H'TP[S*]

Ko™ s

[H P[1.2x1071"]
[0.1]
[H]=1.04 x 10" and pH = 0.983

107x1.3x108=

When Mg(OH), starts precipitation, then,
[Mg*][OH ]* =K, of Mg(OH),
[0.1][OHP=1x 10"
[OH]=10°"M
pOH=5
pH=14-pOH
pH=14-5=9

The minimum [OH"] at which there will be no precipitation
of Mg(OH), obtained by
K,,=[Mg"] [OH T
6.0 x 102=[0.05][OH
[OH]=134x10"M
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Thus, a solution having [OH] = 1.34 x 10~ M will not ! AgCl — Ag" + CI Agl = Ag"+ T
show precipitation of Mg(OH), in 0.05 M Mg** solution. x+y) X Xty y
These hydroxyl ions are to be derived by a buffer of X X
NH,Cland NH,OH i.e., x2=1071° xy=8.5x10"

NH,OH == NH; +OH" x=10" y=8.5x10"

— 6\3 — 15
NH4CI R NHZ +CI 89. Ksp 47>< (67 x 10 ) 71 203 x 10
sx(106)?=1.203 x 101%
~ [NHZ]J[OH™] s=1203x10°M

For NH4OH K, [NH4OH]

In presence of NH,CI; all the [NH, ] are provided by

90. Al(OH),(s) =——Al? +30H K ,=5x10%

[A1(OH),]” # Al® +40H K, =1x10*
NH 4CI since common ion effect decreases dissociation

K
of NH,OH. Al(OH),(s) + OH  ==—=[AIOH),], K, = K—S:
+ -5
L 102 INHGI[1.34x107°] 1% 103 0
[0.05] 0 1x10°
[NH; 1=0.067M or [NH,CI]=0.067M [Al(OH),]T 5xI1 033
K= "7 =7 32 =50= [OH]
. N . [OH ] 1x10
87. Given, Agl(s) p— Ag(aq) + I(aq) , X
K,=[Ag][I]=12x10"7 ... (1) L D00 o
_ _ 50
Agl.,, + 2CN. ., —— [Ag(CN :
a0 o S (ANl g pOH=5-log2 =47 = pH=14-47=93
_ = pH=93
Ag(CN
K= [Ae(CN), ] f( )3]2 =7.1%10" .. ) (b)Al(OH); ——— Al + 30H
[Ag"][CN™] 5x10°
Let x mole of Agl be dissolved in CN~ solution then, [AI®][OH =K,
Now Agl+ 20N = [Ag(CN); ] +1 B x107%
-3
mole before reaction | 0 0 5x10
. [OH = 1x102°
mole after reaction  (1-2x) X X [OH =10
By Egs. (1) and (2), Keq =K, x K, pPOH= 10
—mg[(g\\?z]z][l]—l.ZMO”XTleO” pH=4
K -852x10° 3) 91. Zn(OH),(s) === Zn"(aq.) +20H (aq) ... @
! K, =12x10"
2
K =850x102 = —~* _ X or Zn*+40H —— [Zn(OH),]>  K.=10" .. (ii)
“ 1-2x)>  (1-2x)° 2 % [eq.(i) & eq.(ii)]
x2 b > 2Zn(OH),(s) == Zn"+[Zn(OH),]*
1-2x : K'=(K_ ) K, = K'=144x10"
Thus, x=29.2-52.4x or x=10.49 mole 27Zn(OH),(s) == Zn"*(aq.) + [Zn(OH),]*
(xty) x (xty) vy 2 2
~X ~X
S2
Ky, (AgCD)  x  1x1071° 10 — |=144x10" K'=144x10"
K,(Ag) y ssxio7 85 10 *
sp g y 8.5x10 . s2=4x 144 x 1020 = §s=24x10°M

x=18x10%y
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But K [Zn(OH),] =[Zn*] [OH ' =1.2x 10" '

= (12x10°)[OHP=12x10"
[OH]1=10*M

9.

10.
EXERCISE -5

Part#1: AIEEE/JEE-MAIN

1. Conjugate base is formed by the removal of H’ from acid

H,PO, - HPO? +H* 11.
2. MX, (solid) == M**(aq) + 4X (aq) Solubility product,
K, =sx (4s)*=256¢°

1/5
[ Kps
71 256

3. MX, =—M* (aq)+2X (aq)

2(s)
Kp:s.(2s)2:4s3 = 4x101"12=4¢}

= $=1x10"
= s=1x10*M

4. Conjugate base of OH-

12.

= [M*]=1x10*M
OH = 0% +H"
13.

5. pH=-log[H"] [H*] =antilog (—pH)

=antilog (-5.4)=3.98 x 10°¢

=

[H'][HA™] 14.
L L

b [HpA]

[H'][H*]
[HA™]

6. HA =—=—H +HA"; =1x10°

HA-=—H"'+ A%, K, =5x10"=

[H']* [H*]
K="""7 =K xK=1x105x5x10"

[HA]
A

[HA]

when the acid is 50% ionised, [A] = [HA]

pH=pK +log1 orpH=pK,

givenpK =4.5
pOH=14-4.5=95.

7. Foracidic buffer, pH = pK_ +
or

pH=4.5
16.

8. AglO,(s) =—=Ag(aq) +10,(aq)
K =¢2

sp

[s = Solubility]

or
s=1.0 x 10-4 mol/lit=1.0 x 10 x 283 g/lt=2.83 x 10°3
gn/100ml,

. pH=1

17.

He7+ Log - Log =74 48 AT N
PH=T* o PR =y PR =T 5 == =7
NaCO,—>  2Na* +
1% 10“M 1% 10M
K, [BaCO,]=[Ba?] [CO]
5.1%10°=[Ba?] x 1 x 10
[Ba?]=5.1x10"M

co>
1x10*M

K, =[Ag][Br]=50x10"
[Ag]=0.05M
[0.05] [Br]=5.0x 10"

5.0x10713
~0.05
moles of KBr=MxV=1x10""x1=1x10"
weight of KBr=1x 10" x120=12x10"g

[Br] =1x10"M

K,=10x10" =(Mg?) (OH )

1.0x 10" =(0.001) (OH)?

(OH)H)=10"

PO =4

P=14-4=10.

In II" equation H,PO,” give H" ion to the H,O therefore
in the 1" equation it act as an acid.

H2CO3 —H"+ HCO;
HCO; = H'+ CO327
Kl > Kz

[H]=[HCO,]

K,=42x107
K,=48x10"

[H'][CO3 "]

5= HCeos]

but [H']=[HCO;,]

[CO 1=K, ,=4.8x10"

[H]=10"=0.1M ;

pH=2 [H']=102=0.01M

for dilution of HCl M|V, =M_V,

0.1x1=0.01xV,

V,=101t

Volume of water added = 10—1 =9 litre

CH,COOK+H,0 — CH,COOH + KOH

Weak acid  Strong base

Hence nature of solution is basic

[H,S]=0.10M

[HCI]=0.20 M = [H]=02M
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()H,S f HS +H'
S*+H'

K,=10x10"
()HS f
So,

HS f S +2H

K,=12x10"

=K, xK,
=12x107%

o1 1.2x10™ x[H,S]
[ ]7 [H+]2

~1.2x10™ x10™

0T T3x100M

* All the [H'] will come from strong acid [HCI] only.

Part #II : IIT-JEE ADVANCED

1.

NaX+H,0 == NaOH+HX
In it HX is weak acid, so NaX is a salt of weak acid and
strong base.

. . w _ Ix10™™
.. Hydrolysis constant of NaX is K, = K_ = 10—_5
a
=1x107

For this type of salt K, = Ch’
C = molar concentration, h = degree of hydrolysis
© 1x10° =0.1 xh?

1x107°

0.1

.. percentage hydrolysis of NaX salt=1 x 10* x 100
=1x102=0.01%

or h’= =1x1038

h=1x10*

HA + OHH —— A + HQO

0.1V 0.1V m. moles
- - 0.1V

AT 0.1V \ EM

[AT] v o2 M

1 1
pH=7+ E(pKa+10gc)=7+ E(6—log 5.6) +

ee(2)
Elog > | =9

CH,NH, +HCI —— CH,NH; + CI".
Initial moles 0.1 0.08
moles after 0.02 0

6.

0.08 mole in 1 It reaction
[OH™J[CH,NH{ ]
& ICH,NH, ]

510+ = O 1<008 OH = x 10+
% T 002 v OMImLI0n
K
¥ [H]=—— o
[OH "]
O IR LPITRTY
Cosx107t '

BOH +HCI —— BCl+ H,O (in titration)
B* + HO =—=BOH+H"

For titration
Nacid Vacid = Nbasc Vbase
i V=25 g
15 XV=20X 5

V=3x25=7.5mL
In resulting solution

or Kh: (1—h)

get 'h', as we can't write 1 —h = 1 since his>0.1)
or h=0.27
[H7=0.1%0.27=2.7%x1072

=107 (solve quadratic equation to

MX MX, M,X

s7=4x10"* 4s°=32x10" 275 =2.7x10"

s,=2x10* s’ =8x10" s;t=1071°
5,=2x10° s,=10"

= 8, > 8,8,

=  MX>MX>MX,

Given K =10*
pKa:4
C=0.01M

1 1 1 1
=7+ —pK + — =7+ = @)+ = (=
pH=7 2pKa 2logC 7 2(4) 2(2)

=8 Ans.
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7.

10.

11.

12.

Basic solutions will convert red litmus blue.

KCN
K,COj, 3, their aqueous solution will be basic due to

LiCN
anionic hydrolysis.

(C) HNO, + CH,COONa mixture can act as buffer solution
if volume of HNO, solution taken is lesser than volume
of CH,COONa solution because of following reaction :

CH,COONa + HNO,——> CH,COOH +NaNO,
(D) CH,COOH + CH,COONa - mixture will act as buffer.

AgCl(s) — Ag" + CI
zZ 7+Y

CuCl(s) = Cu" +CI

Y Z+Y
Z(Z+Y)=1.6x101"
Y((Z+Y)=10°
(Z+Y)?*=1.6x10"+10° = (Z+Y)*=10°
Z+Y=103 =Z(Z+Y)=1.6x107"
Zx103=1.6x107"° = Z=1.6x107
1.6x10*=1.6x 10" = x=7
As ester hydrolysis is first order with respect to [H™].

K, (AgChH=1.6x 10"

K, (CuCl)=10°

R

Rpa _ [H'Jya
Ryx  [H'lux
R
100 i
HA : H + A
1-0.01 0.01 0.01
~1
0.01x0.01
= ——— =10+
2 1
MX2 — M +2X-
my(1-o) mo. 2m o ; m=m, (1+20)
(_ATf)observed w 2 =9
(_ATf)undissociated T m, B
A, CD
OH

Cl sp’ H —(':)—Cl
A
(A) O/ ||\O

13.
Solubility X X

14.

(¢ HCIO,+ H,0O — CIO; + H,0

strong acid weak acid

and strong base

weak base strong acid

(Resonance stable)
More stable

ABf A'+B
X=-y
2x10710=x (x-y)
B +H" f HB
x—y 1073 y

108 ——
(x=y)10~

A
X—y =10’

x-y=10"y
From (1) & (2)

2x107"=x*-2x107

x>=2x107°

x =20 x107

=447 %1073

P) NaOH +CH,COOH—— CH,COONa+H,0
M.Mole 1 2

Now solution contains 1 m mole CH3COOH & 1m.
mole CH3COONa in 30 ml solution. It is a Buffer
solution

[H*] does not charge with dilution.

Q) NaOH +CH,COOH——> CH,COONa+H,0
M.Mole 2 2

Now solution contains 2 m mole CH,COONa in 40
ml solution (salt of weak acid strong base)

K, Ka
C

[H" Jinitiar =

C
Now on dilution upto 80 ml, now can. Becomes 5

. KK, .
[H ]ncw AT~ 5 T [H ]initial X\/E

c/2
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(R) HCl+NH,—— NH,CI
M.Mole 2 2

Now solution contain 2 m. mole of NH,CI in 40 ml
solution (salt of SA & WB)

K,C
Kb

[H Jinitiar =

C
Now on dilution upto 80 ml, new conc. becomes >

. K,C
[H ]HCW =

K,2

[H* ]initial

2

(S) Ni(OH)2 (s) —> Ni**
) it is sparingly soluble salt

+20H

", on dilution [OH"] conc. is saturated solution of
Ni(OH) 2 remains const.

-~ [HY]

— +
new [ ] initial

S MOCKTEST oy

10.

Conjugate acid base pair are differ by an proton (H").

_HJr

HF* ——— HF

(acid) (base)

K =[HCOOH,'] [HCOO =107 x 10°=10*

_
K,=10°for HA+H,0 <~ H,0"+A"
1
10°°

(A) At25°C, [H] in a solution of 10* M HCI> 107 M.
(B)[H]=10*M.
(C)[OH]=4x10°M
(D) [H]=10°"M.

Thus K for reverse reaction is =10°

= [H]=25x10°M.

@ HCI NaOH
Leg = _ wl _
No. ofmilieq. = 10 % 100=10 10 x100=10
So solution is Neutral
1 1
) EXSSZS'S EX45:4'5

1
M= —— =102 =
[H]= 755 =10°M, pH=2

1
-~ X90=9 Basic

1
© 75 x10=1 0

12.

16.

18.

20.

22.

24.

@ %x75:15 %x25=5

[H]=0.1M,pH=1
Concentration of Solutions are same therefore [H']
depends only on Dissociation constant.

. pHof 0.1 M H,S solution can be derived by :

H,S —— H'+HS ;K =1x107

K
[H]=Ca=Cyz = yK;xC = 1x107 x0.1
:\/10_—8:104

pH=4

. (A)In0.6 m M HCOOH solution

H*]?

_ WP N L
6x10~% —[H']

a C A [H+]
[H1=4x10*M.
So solutionin (A), (C) & (D) are ISOHYDRIC.

= 8x10*=

(A) [H]=10%and [OH =107
H"+OH —— H,0
This leads complete neutralisation

2+12

2

D) [H]=10%and [OH]=107
[H']+[OH] —— H,0
This leads complete neutralisation

5+9
2

so, pH=7=

so, pH=7=

On the basis of ostwald dilution law, number of H" ions
will increase but increase in volume will be more.
Therefore, [H"] decreases, pH increases.

Since K, of HCN is less than that of HF, so CN™ is stronger
base than F-

Due to common ion effect, [H"] increases therefore
ionization of HCOOH decreased.

Since K, of CH,COOH & K, of NH,OH are same so
degree of hydrolysis of CH,COO™ & NH," are exactly
same.

. (A) [H']in HCl solution=10"M

[H']in H,S solution= /K3 xC =10*M
so [H']in HCI solution <[H"] in H,S solution
& [OH]in HCl solution>[OH] in H,S solution

B3
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27.

&

(B)

degree of dissociation of water in HCI solution >
degree of dissociation of water in H_S solution

pH of HCl solution > pH of H_S solution.

At pH = 4.74 in CH,COOH solution,
[CH,COO]=[CH,COOH]

1
degree of dissociation of CH,COOH = 5

AtpH=9.26 i.e. pOH = 4.74 in NH,OH solution,
[NH,]=[NH,0OH]

degree of dissociation of CH,COOH = degree of
dissociation of NH,OH

degree of dissociation of water in CH,COOH solution >
degree of dissociation of water in NH,OH solution.

©

D)

SO

(@

(i)

[H]in CH,COOH solution = 4/1 81075 x0.1

= 1.8 x10°M

[H*] in HCOOH solution = /1.8x10~%x1

=41.8 x10°M

so, degree of dissociation of CH,COOH = degree
dissociation of HCOOH.

[H]in HA, solution= 4/10=% 0.1 =10°M
[H']in HA, solution = 4/19=6 x 0,01 =10*M

[OHJin solution of HA| <[OH"] in solution of HA,
pH in solution of HA | < pH in solution of HA,
degree of dissociation of water HA < degree of
dissociation of water HA,.

CH,COOH = 02M

[H]= JKaxC =42x105x0.2 =+/4x107
—2x10°
pH =3-log2 =27

. 2x107°
Co=[HT = OL:W = a =0.01
HCI — H' + CI
0.1 0.1 0.1
[H1=0.1 pH=1
CH,COOH — CH,COO" + H"
02 o 0.1
02(1-w) 02a 0.1+0.2a =0.1
_ 0.2ax0.1 Py 3 4
Kaf—o.2 =2x10 oa=2x10

(iiii) [CH,CO0]=0.2%2x 10+ =4x10°5

(iv) % change in o =

1x1072 -2x107*
1x1072

x 100

= |1--2|x100 = 98 %

100

28. HA+NaOH —NaA+H,0; or HA+OH —»A +H,0

30.

[A][H,0]
— 10 —— 27—
ch. 10 [HAJ[OH ]
N HI[A]
L A- =—
Also HA —H'+A K, [HA]
Keq 1
K K orK =10°x10"=10°  Thus for

a w

A +H,0 == HA+OH

OH]=Ch=C ,/K—” _ RS _ 10 <01 ~10°M
OHIZ=CY e =k, V105~

[H]=10 andpH=9
Asc+H,O ﬁ HAsc+OH-

. Kh Bw.
[OH]=C.h=C 1’? = JKpC = K, C

10714 % 0.02
=" 5  =2x10°
5%x10

B 1><10714
~ 2x10°°

fK_h | Kw
Also h= [C} = KgxC =

=10*o0r 0.01 %

[H'] =5x10"M

10714
5x107°x0.02
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