lonic Equilibrium Vidyamandir Classes

SUBJECTIVE SOLVED EXAMPLES

mA solution contains a mixture of Ag*(0.1M) and Hg,** (0.10 M) which are separated by selective

precipitation. Calculate maximum concentration of lodide ion at which one of them gets precipitated almost completely.

What % age of that metal ion is precipitated ? (Ksp Agl =8.5X 107 m ; o Bty = 2.5%107%6 )
SOLUTION :
First determine, which ion starts precipitating first But when [I7] reaches 5 x 10713 M then precipitation of
B Ksp of Agl Hg, I, also starts.
[ ]Min.forAgI I —
[Ag" ] So [Ag*] left at that stage is given as :
-17 K, of Agl -17
_ 830 g 5107 m g =2 S B 170
0.1 (1" lgo1, 5.0x10™

-  [Kyp of Heol o 1.7x107%
[T IMin.for Hgo1, = B % of Ag* left un-precipitated = ————— % 100=0.17%
[Hgs' | 0.1

= % age of Ag* precipitated =99.83 %

2.5%107% . . N :
= o1 =5x10"M This means when Hg,l, starts precipitating, Ag* is

~ almost precipitated.
This means that Agl will be precipitated first as [I ]

required for Agl is less.

m Carbonic acid, H,COs, is a diprotic acid for which K, =10 and K, = 10", Which solution will produce a

pH closest to 97
(A) 01MH,CO, (B) 0.1 M Na,CO; (C) 0.1 M NaHCO,; (D) 0.1 M NaHCO; and 0.1 M Na,CO,

SOLUTION : (C)

Amphiprotic salt is a salt that can donate proton as well as can accept a proton. For example : NaHS, NaHCO, etc.

NaHS — Na® +HS™
HS™ +H" —= H,S

HS — s> +Ht

pH of amphiprotic salt of weak acid is calculated by using following expression.

pH = %[pKal +pKy, ]

1 1
pH:E[pKal +pKaz]=5[7+11]:9
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MF or the reaction Ag(CN), — Ag* + 2CN~, in an aqueous medium, the equilibrium constant,K.at 25°C
is 4 x 107, Calculate the Ag* ion concentration in the solution which was originally 0.1 M in KCN and 0.03 M AgNO,.

SOLUTION :
0.1 MKCN and 0.03 M AgNO, are mixed. © AZTNCNTP e
Cc — —
Since K, for Agt + 2CN™ —= Ag(CN)," is very- [Ag(CN)Z]
very high (K = l><1019J , first assume that whole of - [AgH] = Kc [Ag(CN)z]
! [CN T

Ag* is converted to Ag(CN),". i [ ]
4x107710.03 — x

Ag"t + 2CN° —— Ag(CN),

(0.04 +2x)°
0.03M 0.1M 0
0 0.1-2x0.03M 0.03M Solve the above equation by assuming ‘x’ to be very
- 1o small.
Now, 0.03M Ag(CN), (K, ,=4x10"")
dissoc follows 4x10710.03]
issociate as follows : — [Ag]= ———5— =7.5x1008 M
Ag(CN),” —— Ag* + 2CN- (0.04)
0.03M - 0.04 M [Verify the approximation yourself]

0.03 —x x  (0.04+2x)

Example - 4 Calculate [NH,*] (derived from NH,Cl) needed to prevent Mg(OH), from precipitating in a litre of
solution which contains 0.2 mole of ammonia and 0.001 mole of Mg** ions. The ionisation constant of ammonia is
2.0 x 107 and K, of Mg(OH), is 1.0 X 1071,

SOLUTION :
.. K 1.0x1 —-11
Note that aq. ammonia is NH,OH. ~ [OH = sg+ _ [LOx10 " _ 1.0 %10~
First check whether we need to add NH,Cl. (Mg~ ] 0.001
If [OH"] < 1.0 x 10#M, Mg?* ions will not be precipitated.
- I -3
[OH Jrromnp = VKpe =2x107°M So, maximum concentration of OH~ in the solution
K should be 1.0 x 10~* M. As [OH™] is derived from
{ o= "Tb =102 = 1-a~ 1} dissociation of ammonia, consider dissociation of
ammonia.
= LPygom), = 107X (2x107)* =4 x107 >K|, NH,OH —= NH,* + OH"
Thus, precipitation will take place if NH,Cl is not added N K, [NH,OH]
and hence, NH,CI is required to be added so as to = [NH, |= [OH™ ]
suppress the dissociation of NH,OH. As a result, :
S + (2.0x107)(0.2) )
[OH™] will decrease. = [NHy lhin= =40x10"M

[1.0x107%]

Now, calculate the concentration of OH™ ions in . . . .
For this much concentration of NH,* ions, Mg** will

equilibrium with Mg?** ions from Ksp of Mg(OH),. not be precipitated

KSlD of Mg(OH), = [Mg*] [OH]?
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m When a 40 mL of a 0.1 M weak base, BOH is titrated with 0.10 M HCI, the pH of the solution at the end
point is 5.5. What will be the pH if 10 mL of 0.10 M NaOH is added to the resulting solution ?

lonic Equilibrium

SOLUTION :
—14
At the end point, pH = 5.5 (i.e. an acidic solution). N b= Ky ¢ — 107) x(0.05) —50%107>
2 —5.5.2 )
It means salt formed at the end of neutralisation [H"] 1077)
d hydrolysis.

Hndergoes AyaroysE When 10 mL of 0.12 M NaOH is added :
For 4 millimoles (40 x 0.1) of weak base, 4 millimoles of BClI +  NaOH BOH + NaCl
acid is required at the end point. Initially 4 m.moles 10%0.10

BOH+HCI —— BCl+ HZO Finally 4-10x0.10

! ! A 4-1=30 - 1.0
= millimoles of salt (BCI) formed =4

It means a basic buffer containing 3.0 m.moles of BCl

= [BCl]=4/V where V=V, +V, and 1.0 m.moles of BOH is fomed. Find the pH by using

At the end point: 4=0.10XV,, Henderson’s equation for basic buffer.

[BCI]
= V.. =40mL OH=pK} +lo
HCI P PBpTog [BOH]
= V=40 + 40=80mL
_ [3.0/V]
=4/80= OH=-log(5x107) + o
—  [BCI|=4/80=0.05M = P gl ) log oV
Note that BCl is a salt of strong acid and weak base. - pOH =4.77 (pK,=4.3)
N Ht]= Ky ¢ = pH=14-pOH=9.22
K
b

Example - 6 It is given that 0.001 mol each of Cd** and Fe** ions are contained in 1.0 L of 0.02M HCI solution.
This solution is now saturated with H,S gas at 25°C.
(a) Determine whether or not each of these ions will be precipitated as sulphide ?

(b) How much Cd** ions remain in the solution at equilibrium ?
K, (H,$)=10x10"" ; K, (H,S)=1.0x10" ; K _(CdS)=8x10"" ; K, (FeS)=3.7x10""

SOLUTION :

Note that two salts are of same type (i.e., AB type) and
K, of CdS is lower than that of FeS. This means CdS
will precipitate first if at all any precipitation takes place.
Calculate the minimum concentration of Sulphide ion

required to initiate the precipitation of each of the metal

sulphide.
K, CdS 8x107%’ _
[Sz_]Min for CdS = - 2+ = = SXIO 24 M
[Cd™] 0.001
K., FeS —19
[S*] 2 _37X10 7 55 10710m

Min for FeS — [Fez+ ] 0.001

Now calculate the sulphide ion concentration in the

saturated solution, using :

CHTPIST]

K =K xK, =——=10
a 1 2 [HZS]
21
=N [S27] =10—X20-1= 2.5x107"° M
0.02
27
= [Cd** Yo = X0 5 =3.2x 10°M
25%x10"

Thus, only CdS will get precipitated.
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To calculate the remaining concentration of Cd** ion

lonic Equilibrium

_107%!x0.1

= [Sz_]At new equilibrium — 0 0222

(more accurately) in the solution, first assume that

- -19
whole of the Cd?* has been precipitated as : =2.07x107"M
27
Cd* +H,S ——> CdS +2 H* = [CA* I e = &]9 =3.86x10°M
2.07x10~
Thus, [H*] =0.02+0.001x2=0.022M Note : FeS will not be precipitated at all.

new

SN EEWAN The solubility product, K, of Ca(OH), at25°C is 4.0 X 10°%. A 500 mL of saturated solution of Ca(OH),
is mixed with equal volume of 0.4 M NaOH solution. How much Ca(OH), in milligrams is precipitated ?

SOLUTION :

First find the concentration of Ca”* ions at saturation
using K, of Ca(OH),.

Ca(OH), == Ca’ +20H"

Since concentration of OH~ is quite high, Ca?* will be

precipitated till a new saturation state is reached.

Let at new saturated state, [OH]=0.21 M

= K,,=[Ca*] [OH]? (Assuming no change in [OH™])
Let  [Ca®]=xmolL OH]=2x K 4x107°
et [Grl=amo = [oH] [Ca®* o = — 2 _ . ) =9.07x10° M
K [OH] 0.21)
= K_=4x} or x=3—"=0.01M
P 4 = [Ca*] precipitated =5 X 107> —9.07 X 10°°M
= [Ca?*]=0.01 Mand [OH]=0.02M —491%x10°M
As equal volumes of saturated solution and 0.4 M N amount of Ca® =4.91 X 10 x 74 x 10° mg/L.
NaOH are mixed :
0.01 =363.3 mg/L
[Ca**]=——=5x10"M
2 Check the approximation : [OH],_; ~0.21 M. How ??
002 04

and  [OH Jro =—=+—-=02IM Find out the [OH"],__, =2 [Ca®*]

use used

- see Reaction’s Stoichiometr
[+ [OH Ty, =[OH 05, + IOH Trzomcaomm, ( Y

— —3 — -3

OH . =021-9.8x10°M=02M= 021 M
= (5% 10 (0217 =2.2x 104> K = [OHl,

Alternate Approach :
Ca(OH),(s) == Ca’(aq) + 2OH™ (aq)

1=1,: concentration : 0.01 0.02 LP.=K
t=0(new) : concentration : 5% 1073 0.21 LP.> KSp
(After mixing equal volumes with NaOH)

1=1, (new) 5x107°3 —x 0.21 -2x LP.=K

Now, IP.= Ksp at equilibrium
(5%x1073-x)(0.21-2x)?=4x10° =  This equation in ‘x’ is clearly a cubic.

To solve the above equation approximately, assume 0.21 — 2x ~ 0.21 which is what has been done in the previous

approach.
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SEINEERI The solubility product of Ag,C,0, at 25°C is 1.20 x 107!, A solution of K,C,0, containing 0.15 moles in
500 ml water is mixed with excess of Ag,CO, till the following equilibrium is established :

Ag,CO, + K,C,0, == Ag,C,0, +K,CO,.

At equilibrium, the solution contains 0.03 mole of K,CO,. Assuming that the degree of dissociation of K,C,0, and K,CO,
to be equal, calculate the solubility product of Ag,CO,. [Take 100% ionisation of K,C,0, and K,CO,]

SOLUTION :
[K2C204] = —(z) 155 =0.30M=P Now find [Ag*] at equilibrium as :
initial . At \/ K, of AgyC,04
g 1= —
and  [K,CO5]= % ~0.06M =x [C,027]
final ) — —
\/1.20><10 \/1.20><10 e
= = =7.07x10"
Ag,CO,+K,C,0, — K,CO,+Ag,C,0, P—x 0.3 - 0.06
P h [CO ]y =x=0.06M
P-x X
Now, K of Ag,CO, =[Ag*]*[CO7]
1 mol K,CO, =1 mol K,C,0, and since both are - K_ of Ag,CO, = (7.07x 1067 x 0.06
sp
completely ionized :

=3x10712

SRR Malonic acid is an organic dibasic acid like H,S having first ionisation constant, K, = 1.42 x 107
and second ionisation constant, K, = 2.0 X 107°. Compute the divalent malonate ion concentration in :

(a) 0.001 M Malonic acid (b) in a solution that is 0.0001 M in malonic acid and 0.0004 M HCI.
(c) in a solution that is 0.0001 M in malonic acid and 0.1 M HCI.
SOLUTION :
COOH COO~ COO™
e k, kK,
CH, — CH, — CH,
COOH COOH COO~
(a) Consider malonic acid to be H,A, where malonate ion is A”. For dibasic acids, we consider ionisation in two stages as
follows :
HA —— H*' + HA® ; First ionisation constant = K, =1.42x 1073
c—x X X ¢ =initial concentration = 0.001 M.
+ - 2
= HOHA 1> 45 107
[H,A] c—Xx

Solving the quadratic, — x>+ 1.42x1073x-1.42%x107°=0 = x=6.75x10%*M

Note that K, >> K, so concentration of H* in solution is considered only from first dissociation, i.e., [H*] =x M (neglect H*

concentration from second ionisation).

Consider second ionisation :

HA- —— H* + AT ; Second ionisation constant = K, =2.0 x 107
X X _
x—y xX+y y
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[H'J[A? ]_ (x+y)y

= K2=

[HA™] xX—y
Note: [H']l=x+y=x [HA l=x—-y = x (y<<x)
= Kz=y=[A2’]=2.0><10‘6M

Note : Usually, [A*] for H,A (dibasic acid) can be approximately taken to be K.

(b) Herec=10"*M, [H*]=4x10*M (From HCI)

_ [H"][HA™] _ (4 %107 + x)(x)

=1.42%x1073
[H,A] 1074 —x

= K,

Important : Note that, we can not go for approximation in this case, since the concentration of HC is so low that His

considered both from HCI and malonic acid.

Solving the quadratic, x>+ 1.82x 103 x—1.42x 107 =0 = x=75%x10"M
Now consider, second ionisation and substitute for value of x.

=[H+][A2’] _@4x 107
[HA™] x

Y 90 %107

K,

4 -5
4x10 +7.5><510 )y=2.0><10‘6
7.5x107

= y=[A>]=32x10"M

(¢) Herec=10"*M, [H*]=0.1M

[H'1(A®]_(0.D’[A™]
[H,A] 107

=  K,=KK,= —284x10° =  [ATT]=284x107"M

Important : Note that, we will do the approximation in this case, since the concentration of HCI is so high that H*is

considered from malonic acid is negligible. Recall the ionization of H,S (g) in an acidic solution.

2EWTEEROE Calculate the [F] in a solution saturated with respect to MgF, and SrF,.
K, (MgF,)=6.0x 107 K, (SrF,) =3.0x 107

SOLUTION :
In this case, please note that the K, values of two — [Mg2+][F_ = Kop MgFy
salts are very similar. So the concentration of F~ ions
(the common ion) can not be calculated from a single and [St*FI[F P = Ko stk
salt alone.
. o Note that : [F 1= 2([Mg2+] + [Sr2+])
Let the simultaneous solubilities of MgF,and SrF, be
x and y respectively in mol/L. [This is an Electrical charge neutrality equation]
MgF, (s) — Mg** + 2F [F]=2 Ksp MiFZ + Ksp Sr;z
x 2x [F] [F]
StF, (s) == Sr** + 2F" 8
y 2y = [F ]=%/2(KsngF2 +KspSrF2)
Ateq: [Fl=2x+2y; [Mg*]l=x; [St*]=y =2.62x10°M
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