lonic Equilibrium (Advanced) ﬂ_

I lonic Equilibrium (Advanced)

(A) pH Calculation : Solutions of polyprotic weak acids, solutions of

polyacidic weak bases
Solution of a polyprotic weak acid :

Derl: Let us take a weak diprotic acid (H2A) in water whose concentration is C M.
In aqueous solution, following equilbria exist :

a1 = degree of ionization of H2A in presence of HA- Kal = first ionisation constant of H2A.
a2 = degree of ionisation of HA- in presence of H2A K,, = second ionisation constant of H2A
| step Il step
HXA == HA + H* HA- == A> + H*
ateq. c(1- o) cai(l —a2) (Cou+ coua) cai(l —a2) caioz  (Coa+ Couan)
(on applying concept of siultaneous equilibrium)
_[H'] HA] _[H] [A*]
o [H.A] % [HAT]
K = (co, +caya,)[ca,(1—a,)] o = (ca, +co,0,)(Ca,ca,)
2 c(l-a,) a ca, (1-a,)
- [COL1(1+OL2)][(11(1—0L2)] (I) = [COL1(1+(x2)] o, (”)

1-o, 1-o0,
Knowing the values of K, , K, and c, the values of a1 and a2 can be calculated using equations (i) & (ii).

After getting the values of a1 and az, [H3O*] can be calculated as.
[H3O"]r = cou + cauioz
Using this [H3O"], pH of the solution can be calculated.

Approximation
For diprotic acids, K, << K, and a2 would be even smaller than o .

l—-o2 ~landl+o2 ~1

. . C

Thus, equation (i) can be reduced to Ka = %
This is an expression similar to the expression for a weak monoprotic acid.

O Hence, for a diprotic acid (or a polyprotic acid), the [HsO*] can be calculated from its first equilibrium

constant expression alone, provided K, << K, .
F1: pH = % (pK,, —1log C) [if a1 <0.1 or 10%]

Solved Examples

Ex-1. Calculate the concentrations of all species of significant concentrations present in 0.1 M H3PO4
solution. K, =7.5x 103, K, =6.2x10% K, =3.6 x 1073, Take 0.075 x 4.075 = (0.555)?

Sol. I step HsPO4s —— H* + H2POgs; Ky =7.5% 103
II step HoPOs~ —— H* + HPO4?Z; K, =6.2x% 108
I1I step HPO4s#2~ —— H* + PO4%; K, =3.6 x 10
For I step: HsPOs ==—— H* + H2PO4~
0.1 0 0
0.1(1-w) 0.la 0O.la

® Reg. & Corp. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) — 324005
/\ Besfobrlance Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in ADVIEQ(A)- 1
ucating for better tomorrow Toll Free : 1800 258 5555 | CIN: U80302RJ2007PLC024029



mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx

lonic Equilibrium (Advanced) ﬂ_

_ [H]H,PO;] N 0.10”
® [HPO,] (1-a)
Expecting o << 1, a? = 7.5 x 1072 .. o = 0.274 (not negligible)
So, solve quadratic equation (1) & get o = 0.24.
10™
0.024

=7.5x 103 (1)

[H]1=0.024M = [OH] = = 4.17 x 10713 M (insignificant)

& [H2PO4] = 0.024 M
Also, [H3PO4] =0.1-0.024 =0.076 M
The value of K, is much larger than K, and K, . Also dissociations of Il and Il steps occur in presence
of H* furnished in | step and thus, dissociations of Il and Il steps are further suppressed due to
common ion effect.
For Il step: H.PO, =—— H* + HPO;
0.024 0.024 0
(0.024 —y) (0.024 +vy) y
The dissociation of H2PO, occurs in presence of [H*] furnished in step I.

+ 2—
Thus, K, = OIHPOLT o g o k10 = 00241y
: [H,PO;,] (0.024 -vy)
yissmall .. 0.024 —y ~ 0.024 and neglecting y2.
6.2 x 108 = 2024y
0.024
- y=6.2x108M
or [HPO; ]= K, =6.2x10°M (Insignificant)
For Il step: HPO; S H* + PO
(6.2 x 108 —x) (0.024 +x) X
Ks = [H][POT] _ (0.024 + x)x
[HPOZ ] (6.2x107% = x)
x is small .. Again neglecting x2 and assuming 6.2 x 108 —x ~ 6.2 x 108
36 x 1055 = 0024
6.2x10
-13 -8
y = 3.6x107° x6.2x10 ~93x10-19M
0.024
or [PO3]1=19.3 x 1029 M (insignificant)

NOTE : For weak polyprotic acid solution having no other electrolyte, the anion concentration produced
in Il step of dissociation is always equal to K, if concentration is reasonable.

(B)

Der2 :

pH Calculation : Solutions containing mixture of weak monoprotic acid
and strong acid, solutions containing mixture of weak monoacidic base

and strong base
Mixture of weak acid (monoprotic) and a strong acid :
Weak acid and Strong acid both will contribute H* ion.
We have to take the effect of presence of strong acid on the dissociation equilibrium of the weak acid.
Let upon mixing [H*]sa = C1 and [WA] = C2
The weak acid will dissociate as follows :
HA == H* + A-
t=0 C2 C1 0

_ _ (C2a+ Cl)Cza
t=eq. CZ(l—OL) Caa+Ca Caa Ka = W (1)

/\

® Reg. & Corp. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) — 324005
Besfobrlance Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in ADVIEQ(A) 5
ucating for better tomorrow Toll Free : 1800 258 5555 | CIN: U80302RJ2007PLC024029



mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx
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The weak acid’s dissociation will be further suppressed because of presence of strong acid (common
ion effect). So, expectingatobe<<1,Coa0+C1 » C1&1-a = 1.

Ka = Cial ..(2)
F2: If o from (2) comes < 0.1, then expectation gets correct & [H*]s = C1 (just not considering the H* ions
from WA).
o If o from (2) comes > 0.1, then solve quadratic equation in o (eq. (1)) to get exact a. Then,

Total H* ion concentration = C1 + Caa

—— Solved Evamples

Ex-2. Calculate pH of a solution which is 10~ M in HCI & 10-3 M in CH3COOH [Ka = 2 x 1079]. Also calculate
[H*] from CH3COOH.

Sol. CH3COOH <= CH3COO- + H*
t=eq C(l-w) Ca 101 + Ca
H* ion can be considered completely from HCI, due to less dissociation of CHsCOOH (because of
common ion effect by H* of HCI, a << 1) and its low conc. So, [H*] =10t M SopH=1.
Cax10™

From above equilibrium, 2 x 10-5 =

a=2x10*
[H*] from CH3COOH=Ca =102x2 x 104 =2 x 107 M.

(C) pH Calculation : Solutions containing mixture of weak acids, solutions

containing mixture of weak bases
Mixture of two weak acids (both monoprotic) :

o Both acids will dissociate partially.
Der3: Letthe acid are HA1 & HA2 and their concentrations in the mixture are C1 & C2 respectively. Then :
HA: = H" + Ar HAz == H* + Az
t=0 C1 0 0 C2 0 0
t=eq Cui(l-aa) CioutCz02 Ciou C2(1- a2) Ca02+Ciou Caa2

(On applying concept of simultaneous equilibrium)
L= C,a(Ci; +Cya,) (1) K, = (C,a, +Ci,)C,a, (2)
1 C,(l-o,) 2 C,1-a,)
Since a1, a2 both are small in comparsion to unity, putting 1 —o1 ~ 1 & 1 — a2 ~ 1 in above
expressions & adding we get :

(Ciau + Coaz)? = C1K, + C2K,

F3: [H*] = Ciou + Coa2 = &ClKal +C2Ka2

@) Both acids will dissociate less than in their individual aqueous solutions of same concentration
because of common ion effect exerted by H* ions of one on other.
@) If the dissociation constant of one of the acid is very much greater than that of the second

acid then contribution from the second acid can be neglected.
So, [H*] = Ciou + C202 = Ciau (Where Cz is the concentration of weaker acid)

Solved Evamples

Ex-3. Calculate the pH of a solution obtained by mixing equal volume of 0.02 M HOCI & 0.2 M CH3zCOOH
solutions.
Given that Ka (HOCI) =2 x 10~*; Ka(CH3COOH) = 2 x 10-°
Also calculate [OH], [OCI], [CH3COO™] at equilibrium. Take log 2 = 0.3.
Sol. Volume of final solution becomes double.
So, concetration become half. So, after mixing :
C1=0.01 M, C2=0.1M

[H]= JCKq +CaKg, = 2107 x0.01+2x10° x0.1 = \2x10° +2x10° =2 x 10 M
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pH=3-log2=2.7

4 4
jocH = 90x2x107 _ 4, 1psm [cHsco0] = 22207y jpam;
2x10°° 2x10
Lo K, _ 10" _
[OH] = o= =5 =5x 1002 M,

— Soelued Eramples

pH of a mixture of two weak acids (one monoprotic and one polyprotic) :
[H*] calculation can be done similar to the case of mixture of two weak monoprotic acids.
Refer to the following example :

Ex-4. Calculate pH, [H*], [OH], [CH3COO"], [CH3COOH], [SH], [H2S], [S?] in a solution obtained by mixing

Sol.

equal volume of 0.2 M HzS & 0.02 M acetic acid. Given that

Ka(CHsCOOH) = 2 x 103, K, (H2S) =107, K, (H2S) = 104 Take log 21 = 1.32, %: 0.218.

Now, [H2S] = 0.1M, [CH3COOH] = 0.01 M after mixing.

For pH calculation, considering only first [H*] of H2S, the system becomes similar to a mixture of two
weak monoprotic acids.

(2 H* coming from H2S would be negligible because of very low value of Ka, & also because of

common ion effect exerted by H* from CHsCOOH).
[H] =10 T x10 ) +(10°x2x10°) = \[0.1+2) x 107 = \21x104M

pH=4- %Iog 21=3.34

[OH] = K“j =2.18 x 1011 M
[H']

+ = -4 =
For acetic acid, Ka= [H] [CHCOOT] |21x10™ x[CH,CO0']
[CH,COOH] 0.01
- [CHsCOO] = 4.36 x 104 M
- [CHsCOOH] = 0.01 M

_[H'] HS] _ \21x10* x[HS']

For His, K, = i g o —  [HS]=2.18x 105 M
) .
+ 2— =4} 2=
For HS-,K,, = [H[LS[_S] 1< ¢2;X1180 1;_[58 ! = [S*]=4.76x105 M
0 X

(D) pH Calculation : Solutions containing mixture of weak polyprotic acid and

strong acid, solutions containing mixture of weak polyacidic base and
strong base

Mixture of a polyprotic weak acid and a strong acid :

o) pH can be calculated by taking the concentration of strong acid only.

o) For other calculations, we should consider the dissociation equilibria of the weak polyprotic
acid, as done in the following example.

Solved Examples

Ex-5. Calculate pH, [HS7], [S*7], [CI] in a solution which is 0.1 M in HCI & 0.1 M in H2S. Given that K, (H2S)

Sol.

=107, K,, (H2S) = 10, Also calculate degree of dissociation of H2S & HS~ in solution.
HCl + H2S
0.1M 0.1M
pH =1 (most of [H*] comes from HCI) & [CI-] = 0.1 M.
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H2S S~ Hf + HS-
t=0 C 0 0
ateq. Ci1—Ciou 0.1 + Cioz Ciou
(~0.1)
_C,a,x10™
" C(1-a,)
. - _ 107 _ .
degree of dissociation of H2S = ou = 0T 106
HS- < S~ + H*
ateq. Ciou(l-o2) Crouae ~0.1
1014 = C,a,0, x0.1
Cioy(1-a,)
= degree of dissociation of HS~ = o2 = 10713

[S?] = Ciou a2 = 1071 x 106 x 10-13 = 100 M
[HS] Ciou =101 x 106=10" M.

(E)

Note : Analogous to cases (D), (E), (F), (G) & (H), we can have cases for weak bases also. There, pOH
can be calculated similarly.

Mixture of a weak acid/ weak base with weak/strong base/acid respectively.

For this type, there can be two cases in general :

(i) if the acids and bases are mixed in such amounts that they get exactly neutralized.

(ii) if the acids and bases are mixed in such amounts that they don’t get exactly neutralized.

First case will lead to formation of SALT SOLUTIONS and second case may lead to formation of
BUFFER SOLUTIONS (would be discussed later).

pH Calculation : Solutions of salt of weak polyprotic acid and strong
base, solutions of salt of weak polyacidic base and strong acid, solutions

of amphiprotic species
Solutions containing polyvalent anions (or cations) of weak polyprotic acids (or bases).

o The hydrolysis of these species will take place in steps (just like dissociation of weak polyprotic
acids).
o Out of different steps, generally first step hydrolysis dominates mainly because of two reasons :
° The hydrolysis constant of second and further steps is generally negligible in
comparison to first step hydrolysis constant.
° The second and further step hydrolysis will be suppressed in presence of ions

produced due to first step hydrolysis (common ion effect).
For polyprotic acids like (Hz2S, HsPOa4, H2CO3s, H2C204 ), we already know that the disscociation always
takes place in steps. Example : for HsPOa,

Hs POs ==H*' + H2PO4+ a = H1 HPO,] (1)
! [H.PO,]
+ 2-
HZPO4_ —_— H+ + HPO42_ a = w (2)
* [HPO,]
+ 3-
H2p042—ﬁ H* + PO.3 2= w (3)
°  [HPO,™]

For all acids we always have Ka,>> Ky, >> Ky,

pH of the solution can be caculated from Ist step only because [H*] from 11" & [11'¥ step can be neglected
as

(@) Ka,>> Kg, >> Ky,

(b) [H*] from Ist dissociation will suppress the dissociation of 1" & I1Id step.

/\
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Der4 :

F4

F5:

Now, for the hydrolysis of polyvalent ions (from salts like KsPOs, Na2CO3s, ZnSO4, FeCls, (NH4)2C204 or
ions like PO43-, CO3%, Zn?*, Fed*etc.) :
Consider the hydrolysis of PO43- in steps :

PO43 + H20 == HPOs> + OH-

t=0 C 0 0
— 2—
t=eq C(1-h) Ch Ch Ky, = w ..(4)
! PO, ]
HPO42- + H0 == H,PO4 + OH- K, = w ..(5)
2 [HPO? ]
H2PO4~ + H2O == H3POs+ OH- K, = W ...(6)
° [H.PO;]
H.0 == H* + OH-, Kw = [H*] [OH] (7)

From above equations, we get : Kalx Kh3 =Kw ; Ka2 x Kh2 =Kw ; Ka3 x Khl: Kw
Numerically, Khl >> Kh2 >> Kh3'
Genarally, pH is calculated only using the first step hydrolysis

ChCh _ Ch?
K,.= —— = ...(8
M ci-h)  1-h ®
~ Ch? (expecting h << 1)
K
h= [— .9
w& e ©)

1 — — ~ + = Kw = I/Ka3 = I/KWXKas
= [OH]=Ch= /Kh1 C =[HY [OH ] KWV/KWC V¢

So, pH = %[pKW +pK,, +logC]

NOTE : If h value from (9) comes > 0.1, then its exact value should be obtained by solving quadratic (equation

— Solved Evamples

Ex-6.

Sol.

1 — +1 — Kw
(8)) Then, [OH] =Ch & [H'] = [OH ]

What is the pH of 1 M NasPOa4 solution at 25°C ?
PO4* + H:O ==HPO42 + OH~; Kp = 2.4 x 102
Assume no hydrolysis of HPO42- ions.

X2

- 1-x
X2+ (24 x102?) x-24%x102%2=0
x =0.143 = [OH]

Kb =24 x107?

K

[H]= —*-=7x10%M
[OH7]

pH = 13.15.

Solutions containing amphiprotic anion (or cation) :
Anions of NaHCOs, NaHS, etc. can undergo ionisation to form H* and can also undergo hydrolysis to
form OH-. (Na* ion is not hydrolysed).

] ionisation ~

0] HCOs + HLO —/————CO% + I—|3(l)Jr ; Kaz
acid

. hydrolysis Ky,

(i) HCOs~ + HoO =—————H2CO3 + OH";
base  Kg

/\
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F6:

F7:

Taking the assumption: Degree of ionisation (o) = Degree of hydrolysis (h) or [COs?] = [H2COgs], an
approximate calculation of pH can be done by the relation :

Ka +pK
PH(HCO3") = (p ) 2p az}

= Average of pKa values of parent acid (here H2CO3) involved in ionisation & hydrolysis
reactions.

Similarly for H.PO4~ and HPO42- amphiprotic anions,
K, +pK

pH(H2PO4") = (—p & 2p ""ZJ and pH(HPO4*-) = (

(Where K, Ka, & Ky, are dissociation constants of Hz3POa)

NOTE : Exact calculation of pH is complicated and not relevant with respect to JEE.

PKy, +PKy,
2

D2 :

pH range of buffer, pH Calculation : Buffer solutions generated from
polybases acid / polyacidic base, buffer capacity

Use of various relations :

Let us consider three situations, (i) a solution of CHsCOOH (ii) a solution of CHsCOONa and (iii) a
solution of CH3COOH and CH3sCOONa (buffer). In all the three solutions, there will be some CH3COO-
and CHsCOOH. But the relations used for calculating the pH differs. For (i), the relation used is : pH =

% (pKa — log C) ; for (ii) the relation used is : % (pKw + pKa + log C) and for (iii), the relation used is pH

[Anion of Salt]

=pKa+lo
PR 108 G|
To understand as to when a particular relation is to be used, the following chart should be kept in mind :
[CH,COOT]
[CH,COOH]
<0.1 <0.1to 10 > 10
l v l
1 [CH,COO] 1
H= = (pKa—log C H=pKa+log—2—"——- H= = (pKa+pKw+ logC
pPH = - (pKa—log C) pH = pKa g[CH3COOH] pH= - (PKa+p 9C)

Although it is difficult to give an exact limit up to which a buffer can be used, it is generally accepted that
a buffer solution can be used for practical purposes when its [Salt]/[Acid] lies within the range of 0.1 to
10 (as shown above).

Therefore, it can be concluded that a particular weak acid (or base) can be employed for making
useful buffer solution of pH (or pOH) lying within the range of (pKa £ 1) or (pKp £ 1). This is
called pH range of buffer. For example, acetic acid (pKa = 4.75 at 25°C) and sodium acetate mixture
can be used for preparing buffer solutions whose pH values are roughly in the range of 3.75 to 5.75.
Outside this range, the buffer capacity of acetic acid—sodium acetate solution is too small to be used for
any practical purpose.

/\
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— Solved Evamples

Ex-7. The pH of a blood stream is maintained by a proper balance of H.CO3z and NaHCOs. What volume of 5
M NaHCOs3 solution should be mixed with 10 ml of a sample of solution which is 2.5 M in H2COs3, in
order to maintain a pH = 7.4.(Take pK, for H.COs =6.7, log 2 = 0.3)

Sol. pH = pK, + Iogm
[H,CO,]
= 74:67+|09M :M:S
[H,CO;] [H,CO;]

5 x moles of H2CO3 = Moles of HCO; (since both are components of same solution, volume of

solution would be same for both)
= 5x25x10x103%=5xV = required volume = 0.025 L = 25 mL.

Buffer Capacity :
D3: It is defined as the moles of a strong acid or strong base required to change the pH of 1 L of a
buffer by one unit.

Der5: Let there be a buffer solution of volume 1 L with ‘b’ mole of anion (coming from salt) and ‘a’ mole of
weak acid. The pH of the buffer would be given by :

pH = pKa + Iogg

On adding x mole of a strong acid (monobasic), the pH changes to pH = pKa + log (b — X) .
a+Xx
b b-x
ApH =log —lo
P 2 a . (a+x)
Differentiating with respect to x we get
dapH _ 1 1 4 b(a+b) o 1 1 a+b
dx  2.303 bx(a+xj a (b-x)*>  2.303 (a+x)(b-x)
a (b-x

Taking the inverse
dx 2303 (a+x)(b-x)
dApH a+b
amount of acid or base added to the change in pH caused in the buffer.

F8: ~ 2.303% . This is defined as buffer capacity. It is the ratio of the small

Maximum buffer capacity :
Der6 : Differentiating buffer capacity with respect to ‘b’, the amount of salt present in the solution and equating
it to zero, we get

d_db( dx ]:2_303 [-1x(-x)]+[x(@-b+X)] _ |

dApH a
a—b+2x=0; Since x is very small we ignore 2x and we get
a-b=0
F9: b=a = [Acid] = [Anion of salt]

The buffer shows maximum buffer capacity when the amounts of acid (or base) and the anion
(or cation) from salt are same.

Solved Examples

Ex-8. Calculate the buffer capacity of 1 L solution of :
(i) 0.1M CHsCOOH and 0.1M CHsCOONa (i) 0.2M CH3COOH and 0.2M CHsCOONa
Given : pKa (CH3COOH) = 4.74
Which will be a better buffer ?
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2.303(a+x)(b—x) _ 2.303 ab

Sol.  Buffer capacity = Xx<<a,b
a+b a+b
0.1x0.1x2.303
[ Buff ity= ————— =0.1151
0] uffer capacity 01501 0.11515
(i) Buffer capacity = 0.2x0.2x2.303 =0.2303
0.2+0.2

Second buffer solution (having greater buffer capacity) can be called better buffer.

(B) pH Calculation : Monobasic acid-monoacidic base titrations
(A) Titration of SA with SB :
Ex.  40mL, 0.1 M HCI Vs 0.1 M NaOH

Volume of NaOH added pH of solution
0 mL 1
10 mL 1.22 (- [HY] = 40X0'15_O10X0'1 =6 x 102
20 mL 1.48
30 mL 1.84
39 mL 2.90
39.9 mL 3.90
40.0 mL 7
(Equivalence point : complete neutralization)
40.1 mL 10.1
41 mL 11.1
50 mL 12.05
60 mL 12.30 (- [OH] = 29X01=40x0.1 _ 15

100

40 ml
Volume%f NaOH—>

@) pH values corresponding to different amounts of NaOH added can be calculated using the
concept of : Mixture of strong acid & strong base. (Hint for 2 values has been given ; rest
values can be obtained similarly) Using these values, a titration curve can be plotted as above.

D4 : pH range of titration : sharp change in pH about equivalence point for very small volume added

(almost vertical portion of graph about equivalence point).

According to our data, itis 4 — 10.

@) At equivalence point, slope of titration curve is maximum (almost vertical graph).

o) An indicator can be considered suitable for detecting the end-point of a particular titration if
some part of pH range of indicator lies within the pH range of titration. However, best indicator
of a given titration (one giving least experimental error) is the one whose pH range contains pH
at equivalence point.

@) Almost all common indicators (Phenolphthalein, Methyl orange, Phenol red & Methyl red) can
be used for endpoint detection here. However, best will be Phenol red.

NOTE : (1) In genral, endpoint & equivalence point are not the same. But during numerical solving, they should
be considered same.

(2) Litmus indicator is generally not used for endpoint detection because of its large pH rnage. So, there

are large experimental errors numerically, if it is used.
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(B) Titration of SB with WA :
Ex. 20 mL, 0.5 M CH3COOH (pKa =4.7) Vs 0.5 M NaOH

Volume of NaOH added pH value
0 mL 25 [pH = % (pKa —log C)]
5mL 4.23
10 mL 4.7 [pH = pKa]
Half equivalence point (both components of buffer in equal amounts)
15 mL 4.7 +log 3=5.17
19 mL 47 +1og 19/1 =6
20 mL 7+1/2 (4.7) + 1/2 log (1/4) = 9.05
(Equivalence point : complete neutralization) Salt of WA & SB (CH3sCOONa = 0.25 M)
21 mL 12.09
30 mL 13

Figure-2
j}
10 ml 20 ml
Volume of NaOH—>
o} pH calculation at all volumes of NaOH in between 0 mL & 20 mL can be done by concept of buffer of

WA & its salt with SB & further data by excess NaOH.

Initially, fast change in pH is due to free ions available from weak acid.

Slow down of pH change thereafter is due to buffer formation. Least pH change is seen about half
equivalence point (almost horzontal graph), which is point of maximum buffer capacity (at pH = pKa).
Near equivalence point, pH again increases fastly due to salt formation.

After equivalent point, pH changes very sharply due to presence of strong base.

pH range of titration : 7 — 10

Common indicator that can be used : Phenolphthalein & Phenol red.

o} Best indicator : Phenolphthalein.

© Titration of SA with WB
Ex. 20 mL of 0.5 M NH3.H20 (pK» =4.7) Vs 0.5 M HCI

13-,
11.5
T 9.3}
pH ]
. 4.95
Figure-3
T0m 20 ml
Volume of HCl—>
o) Proceed similar to as done above with 0 mL data corresponding to weak base, between 0 to 20 mL

data corresponding to buffer of WB & its salt with SA, 20 mL data corresponding to salt of WB & SA
(NH4CI) & further data corresponding to excess HCI.

pH range of titration : 4 — 7

Common indicators that can be used : Methyl orange, Methyl red & Phenol red.

Best indicator : Methyl red.

00O
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NOTE : Titration of WA & WB is genrally not carried out in laboratory because of very small pH range of this
titration (6.5 — 7.5). No common indicator can perform appropriately in this small pH range. However, if
this titration is carried out, then Phenol red would be the best indicator.

(C) pH Calculation : Titration of salts, polyprotic acid, polyacidic base

(D) Titration of WA SB salt with SA
50 mL of 0.1 M CH3COONa is titrated with 0.1 M HCI. Calculate pH when volume of HCI added is :
(&) 0 mL (b) 10 mL (c) 25 mL (d) 40 mL (e) 50 mL (He0omL (g) 75 mL
Given : pKa of CHsCOOH =4.74

(a) pH = 1/2 (pKw + pKa + log ¢) = 1/2 (14 + 4.74 — 1) = 8.87
(On calculating h by approximantion, it comes negligible (< 0.1). That's why direct formula
has been used).

(b) CHsCOONa + HCI —— NaCl + CH3COOH
t=0 5 millimole 1 millimole 0 0
finally 4 millimole 0 - 1 millimole = Buffer
pH=pKa +log4=4.74+0.6 =5.34
(c) pH = pKa = 4.74 (Half equivalence point : Both components of buffer in equal amount)
(d) pH = pKa + log 1/4 = 4.14 (Similar to as in (b) part)
(e) At equivalent point, weak acid solution (CHsCOOH) will be obtained from above reaction.

[CH3COOH] = 5/100 = 1/20 M
pH = 1/2 (pKa — log C) = 1/2 (4.74 + 2 - 0.7) :% =3.02

(On calculating by approximation, it comes negligible (<0.1). That's why direct formula has
been used)

) [HCI]=1/100 M ; pH=2.1
(Considering H* only from excess HCI & neglecting H* from CH3COOH due to common ion
effect)

2.5
(9) [HCI] = 125 M;pH=17

(Considering H* only from excess HCI & neglecting H* from CH3sCOOH due to common ion effect)
4

8.87

pH
Figure-4 3.02

25mL 50 mL
Volume of HC| —>

(E) Titration of WB SA salt with SB
50 mL of 0.1 M NH4Cl is titrated with 0.1 M NaOH. Calculate pH when volume of NaOH added is :
(&) 0 mL (b) 25 mL (c) 50 mL
Given : pKp of NH3.H20 = 4.74
Proceed similar to above (a, c, e) keeping in mind that we have WB SA salt in (a) part, half equivalence
point : both components of buffer (WB & its salt with SA) in equal amount in (b) part & equivalence point
: weak base in (c) part.
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Ex-9.

Sol.

N

Equivalence point
10.98---q- --------- POl

Figure-5

9.26f " -2

5.13

25 mL 50 mL

rd

Volume of N\aOH ——>

Simultaneous solubility, complex formation

Simultaneous solubility

When two sparingly soluble salts are added in water simultaneously, there will be simultaneous
equilibrium in the solution.

Simultaneous solubility of each salt will be less than its individual solubility because of common ion
effect exerted by ion coming from other salt.

Solved Examples

Calculate simultaneous solubility of silver thiocyanate and sliver bromide in water. Given that Ksp of
silver thiocyanate = 10-'2 and Ksp of silver bromide =5 x 10-12 respectively.

Let the simultaneous solubility of AGSCN be x and that of AgBris y. Then :

AgSCN = Ag* + SCN- AgBr = Ag* + Br
Xty X Xty Yy

10012=x(x+y) e 0)

5x10B=yx+y) e (if)

On solving, we get x = 2y
So, y=4.08 x10-" M and x = 8.16 x10~" M.

(B)

— Soelued Eramples

Ex-10.

Sol.

Selective precipitation, solubility exchange

Selective precipitation

If a single solution has two or more ions both having tendency to precipitate with an ion of a reagent,
then the ion which require less concentration of ion of reagent for precipitation will form precipitate first.

The ion whose salt has lesser solubility i.e. less Ksp value will form precipitate first, if the chemical
formulae of the precipitates expected are similar (containing same number of cations & anions) as well
as the concentrations of both the ions excepted to precipate with the ion of reagent are same.

100 mL of a clear saturated solution of Ag2S0s4 is added to 250 mL of a clear saturated solution of
PbCrO4. Will any precipitate form and if so what ? Given, Ksp values for Ag2SQO4, Ag2CrO4, PbCrOs &
PbSOs are 1.4 x 1075, 2.4 x 1012, 2.8 x 10-*2 and 1.6 x 1078 respectively.
For  Ag2SOs == 2Ag* + SO42-

2s s

5
Ksp = 45° or \// \//1 43107 _ 4 55 x 102 M

/\
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lonic Equilibrium (Advanced) ﬂ—
For  PbCrOs == Pb?* + CrOs>
Ksp = 512 or S, = ,/Fsp =\2.8x10 " =529 x 10-7 M

In solution, concentration of each ion can be given as :
2sx100 2x1.52x1072 %100

Thus, [Ag']= =0.869x102M
350 350
-2
(SO ] = $x100 _152x10°x100 _ ) 1o 202,
350 350
—7
Pb?] = $,%250 _5.29x107x250 _ o 107\,
350 350
-7
[(Cro2 ] %250 _5.29x107x250 _, g oo7
350 350

It is thus evident that,
[Ag*]?[CrO42] = (0.869 x 102)2 x (3.78 x 107) = 2.85 x 10711 (> Ksp Agz CrOa)
Thus Ag2CrOa4 will precipitate.

Precipitate Exchange :
Precipitate-1 + lon-2 == Precipitate-2 + lon-1
One precipitate is mixed with solution of an ion to get another precipitate and another ion in solution.

Solved Examples

Ex-11. 2M solution of Na2COs is boiled in a closed container with excess of CaFz. Very little amount of CaCOs
and NaF are formed. If the solubility product (Ksp) of CaCOs is x and molar solubility of CaF: is y, find
the molar concentration of F-in resulting solution after equilibrium is attained.

Sol. Na:COs(aq) + CaFz(s) == 2NaF(aq)+ CaCOzs(s)
t=0 2 = 0 A
t=eq 2-a - 2a -

where a is very small
For CaCOs, Ksp = x = [Ca?*] [COs?] = [Ca?*] x 2 (- CO;” mainly coming from Na2COs)

X
Ca?]= —
[Ca*] >

3
For CaFz, Ksp = 4y3 = [gj [F2=[F]= SL
J X

Check List

Definitions (D)

D1 pH range of buffer F9 Condition for maximum buffer capacity
D2 Buffer capacity
D3 pH range of titration Derivation (Der)
Derl Equilibrium of a weak polyprotic acid

Formulae (F) Der2 Equilibrium of a mixture of weak monoptoric acid & SA
F1 pH of a solution of a weak polyprotic acid Der3 Equilibrium of a mixture of two weak monoptoric acids
F2 [H*] in a solution containg mixture of weak Der4 Hydrolysis of polyvalent anion PO,

monoprotic acid & strong acid Der5 Buffer capacity
F3 [H*] in a solution containing mixture of two weak acids Der6 Maximum buffer capacity
F4 Degree of hydrolysis (h) of polyvalent anion (or cation)

of weak acid (or base)
F5 pH(PO,*) [h < 0.1]
F6 pH(HCO;) [h < 0.1]
F7 pH(H,PO,") & pH(HPO,>")
F8 Buffer capacity
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Table-1
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lonic Equilibrium (Advanced) ﬂ_
Table-2

Aqueous equilibria |
I

include sometimes
1 involve the
v v v !
Neutralization Solubility Complexation Common-ion
I equilibria equilibria equilibria effect
categorized as hav‘ing hav‘ing Impor‘tant in
1) Strong acid-stron base Solubility product Formation Buffer
2) Weak acid-strong base constants, K, constants, K. solutions
3) Strong acid-weak base | L
4) Weak acid - weak base used with relaied to containing a
| v :
e 15 conjugate base
| |
Neutralization constants in the affected by ability to r(l,sist pH  pH cal‘culated
;; E = wﬂwm $ ¢ change, given by its from the
n = W% E 1)C -ion effect
3)K, = (K)(1/K,) oredctionof o] |2 santion o v
4K, = (K)K)K,) precipitation 3) Complex-ion formation Buffer
‘ capacity
— useful for . i
> characterized p'lj':;zgon ¢ Eangepr;orl ::Zss[eclggjﬁgatg ggg]on
by ‘ Y Weakand
Selective
which illustrate Precipitation
|
Equivalence szl
points
Qualitative
analysis
MISCELLANEOUS SOLVED PROBLEMS (MSPs)
1. Calculate the pH of solution obtained by mixing 10 mL of 0.1 M HCI and 40 mL of 0.2 M H2SOa.
Take log 3.4 =0.53
Sol. Given is the case of a mixture of 2 strong acids.
Milli moles of H* from HCI=10x 0.1 =1
Milli moles of H* from H2SO4 =40 x 0.2 x 2 =16
Total millimoles of H* in solution =1 + 16 = 17
17 illi
[H]= 2r =34 x 101 ( M1, = MllllmolesTota,J
50 \/f in mL
pH =-log [H*] =— log 0.34
pH =0.47
2. Calculate the pH of a solution which contains 100 mL of 0.1 M HCI and 9.9 mL of 1.0 M NaOH.
1
Take =90.1x10x10*&log 9.1 =0.96
1099
Sol. Given is the case of a mixture of a strong acid and a strong base.
HCI + NaOH — NaCl + H20
Millimoles before reaction 100 x 0.1 99x1 0 0
=10 =9.9
Millimoles after reaction 0.1 0 9.9 9.9
0.1
H*] = from left HCl = ——=9.1 x 10* M
[H°] 109.9

pH=-logH*=-1log 9.1 x 10* = pH=3.04
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3. Calculate [H*] in a solution containing 0.1 M HCOOH and 0.1 M HOCN. Ka for HCOOH and HOCN are
1.8 x 10 and 3.3 x 10, Take 61 = 7.14.
Sol. Given is the case of a mixture of two weak monoprotic acids.

So, applying direct relation :
[H] = JCK, +CK,, = J0.1x1.8x10™ +0.1x3.3x10™* = 7.14 x 10 M

4, A solution contains 0.1 M H2S and 0.3 M HCI. Calculate the conc. of S~ and HS- ions in solution. Given
Ka, @nd K, for HzS are 10" and 1.3 x 10-** respectively.
Sol. H,S —— H* + HS; Kalz 107

HS =—=H" + §>; K, =13x10"
HCl ——H* + CI

Due to common ion effect exerted by H* of HCI, the dissociations of H2S are suppressed and the [H*] in
solution is mainly due to HCI.

_ [HIHS ]
% [HS]
= 107 = % [~ [H*] from HCI = 0.3 & H2S would have dissociated negligibly]
107 x0.1

[HS]= — >~ =33x10% M
0.3

+ 2= o
Further 0 = w = 1.3 x 10-13 = [0.3][S 73
*  [Rs] 3.3x10
—13 -8
[s2]= 1310 x33x10° 4 43100
0.03
S. 20 mL of 0.2 M NaOH are added to 50 mL of 0.2 M acetic acid (Ka = 1.8 x 1075).

Take log 2 =0.3, log 3 =0.48
(1) What is pH of solution ?

(2) Calculate volume of 0.2 M NaOH required to make the pH of original acetic acid solution 4.74.
Sol. (1) NaOH + CH3COOH —» CHsCOONa + H20
Millimole added 20x 0.2 50 x 0.2
=4 =10 0 0
Millimole after reaction 0 6 4 4
[Molarity] = millimole
Total volume
6 4
[CHsCOOH]= — & [CH3:COONa]= —
70 70
= Buffer solution consisting of a weak acid & its salt with a strong base.
4/70
H=-log 1.8 x 105+ log ——— =4.56
P 9 09 6/70

(2) Let V mL of 0.2 M NaOH is required to make pH 4.74. Then, NaOH should be completely used up

(- final solution is required to be acidic)
NaOH + CHsCOOH — CHsCOONa + H20

Millimole added 0.2xV 50 x 0.2
=02V =10 0 0
Millimole after reaction 0 (10-0.2V) 0.2V 0.2v
10-1.2v 0.2v
Acid] = ————; It] =
[Acid] 50+V [Salt 50 +V

(0.2V)/(50 + V)
(10-0.2V)/(50 + V)

V=25mL

4.74 =-log 1.8 x 10~ +log
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6.

Sol.

Sol.

AnNs.

Sol.

Sol.

Calculate the concentration of NHs and NH4Cl presenting a buffer solution of pH = 9, when total
concentration of buffering reagents is 0.6 mol litre~!. Take pKp for NHz = 4.7, log 2 = 0.3

pOH = —log K» + log [sal] = 5=4.7+log a
[Base] b
a
—=2 .. a=2b
b a
Given a+b=06; 2b+b=0.6
3b=0.6 or b =0.2 mole and a = 0.4 mole

Thus, [Salt]=0.4M and [Base] =0.2 M

A solution contains a mixture of Ag* (0.10 M) and Hg:" (0.10 M) which are to be separated by selective
precipitation. Calculate the maximum concentration of iodide ion at which one of them gets precipitated
almost completely. What % of that metal ion is precipitated?
Ksp of Agl = 8.5 x 10717 and Ksp of Hg2l2 = 2.5 x 1026
The [I-] needed for precipitation of Ag* and Hg>* and are derived as :
For Agl: [Ag*][IF] = Kspagi
(0.1)[IF] = 8.5 x 1017
[F]=85x10"M .. Q)
For Hgalo: [Hg> 1[IF]2=2.5 x 1026
(0.2) [IF] = 2.5 x 1026
[F]=5x10*M . 2)
Since [I7] required for precipitation of Agl is less and thus Agl begins to precipitate first. Also it will
continue upto addition of [I-] =5 x 10-13 when Hgzl2 begins to precipitate and thus,
Maximum [I-] for Agl precipitation =5 x 10~ M
Now at this concentration of I, [Ag*] left in solution is [Ag*Jeer [I'] =(Ky, )

Agl
8.5x107"
Agtlet= —————==1.7x10* M
Aglen = g x10®
0.1 M Ag* will leave = 1.7 x 104 M Ag* in solution
_ -4
% of Ag* precipitated = %xlOOZ 99.83%

Calculate solubility of BaSO4 when CaSO4 and BaSOas are dissolved in water simultaneously Ksp of
CaSO0as = p, Ksp of BaSO4 = q and simultaneous solubility of CaSO4 is ‘b’ mol/litre.

bg/p

For BaSOa, [Ba?*] [SO4%7] = Ksp of BaSO4 = q

For CaSQOsa, [Ca?*] [SO4%] = Ksp of CaSO4 = p

[Ba™] _a
[Ca*] p

What [H*] must be maintained in a saturated H2S (0.1 M) to precipitate CdS but not ZnS, if
[Cd?*] = [Zn?*] = 0.1 initially ?
Ksp (CdS) =8 x 1027; Ksp (ZnS) =1 x 102 ; Ka (H2S) =1.1 x 102
In order to prevent precipitation of ZnS,
[Zn?*] [S7] < Ksp (ZnS) =1 x 102
(lonic product)
or (0.1.[S*]<1x102
or [S#]<1x1020M
This is the maximum value of [S?7] before ZnS will precipitate. Let [H*] to maintain this [S?7] be x.
Thus for H:S —— 2H* + S,

+121Q2- 2 —-20
a:[H][S ]_x"@d x 10 ):1_1><10—21
[H,S] 0.1
Or x=[H*]=0.105 M
.. No ZnS will precipitate at a concentration of H* greater than 0.105 M.

= [Ba*] = m
p

/\
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IONIC EQUILIBRIUM-I

IE -

Bl Exercise-1
= Marked questions are recommended for Revision.

» ff*ed 999 M A g B
PART - 1: SUBJECTIVE QUESTIONS
I - | ; QYIS Y99 (SUBJECTIVE QUESTIONS)

Section (A) : pH calculation : Solutions of polyprotic weak acids, Solutions of
Polyacidic weak bases

QoS (A) : pH T : IgUITed Gl 3T & fdera, Igoreild §ad &R & faera

Commit to memory :

Solution of a polyprotic weak acid (HxA) : pH = %(p K,, —log C) [if o, 0.1 or 10%] ; [Hx-2A*] = Kaz

Solution of a polyprotic weak base (B) : pOH = % (PKyp, —log C)[if o, < 0.1 or 10%] ; [BH'] = Kbz

IE IE@9 IAFY 7
Jgiificd gada e (HxA) &1 fadeas : pH = %(p K, —log C) [If& o, < 0.1 A7 10%)] ; [Hx2A%] = Ka

JgACH gaol &R (B) & fderas : pOH = %(pr1 —log C) [Af& o, < 0.1 371 10%)] ; [BH:'] = Koz

A-1m What is the pH of 0.01 M H2S solution ? Also determine [HS"] & [S*]. Given: For Hz2S, K, =9 x 1078,
K, =1.2x1073,
HzS @ 0.01 M faerds &1 pH @1 8 ? [HS] 3R [S>] 4l STd HIfvTY | faam &: HeS & fofg, K, =9 x 1078,
K, =1.2x107,
Ans. pH=452,3x10°M,1.2x1013 M
Sol.  Assuming (AFd §9) K, << K,
H:S == H' + HS
t=0 C 0 0
t=eq (91H) Cl-o) Ca Ca

Ka1 9><1078 3 + 2 3 5
o= ?: 107=3><10‘ = [H]=Coc=10‘><3><10‘=3><10‘ M.
pH =5 -1log3 =4.52

A-2= Calculate the pH of 0.74 g/L aqueous solution of propane-1,2-diamine. Given : pK, &pK, for base is

4.18 & 7.39 respectively.
TI9-1,2-S18THM & 0.74 g/L STei faeras &1 pH uR&foa #ifvig | fear 8 & R & fo PKy,

PKy, I 4.18 T 7.39 ¥ |
Ans. 10.91
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Sol.  pOH = %(prl —1logC) ; C = 0.74/74 =0.01 M

pOH = %(4.18+2): 3.09
pH =14 -3.09 = 10.91.

Section (B) : pH calculation : Solutions containing mixture of weak monoprotic acid
and strong acid, Solutions containing mixture of weak monoacidic base and strong
base

@og (B) : pH UM : Gddl Udhelliicd o § Ued 3FA &1 fAsr @ arel faegs, gda
THANNT &R T J9 &R BT 307 IWq ara e

Commit to memory :
Mixture of weak acid (monoprotic) and a strong acid: [H*], = C, (just not considering the H* ions from
WA).
Mixture of weak base (monoacidic) and a strong base: [OH-]. = C, (just not considering the H* ions from
WB).

IS @ IRy e ¢
gda o (THemmiifcd) T Jaal 3 Bl fAson: [HY], = C, (WA 1 &1 dTel H* 371+ &1 &1 A g9) |
gdd &R (Yhersreild) T1 Hadl &R &l sl [OH-], = C, (WB ¥ 371H dTel H* 3=l &I T8l A gY).

B-1.= Upon passing 0.01 mole HCI gas through 100 mL of 0.05 M Formic acid solution (Ka = 1.8 x 1074),
determine change in pH of solution and [HCOO-] in resulting solution.

0.05 M Bifi 37 (Ka = 1.8 x 104) & 100 mL fde= # 0.01 Aiad HCl I garfed &x-1 9= gRom
faers # fde@d @& pH # =R @21 [HCOO-] &1 fReiRer &g |
Ans. —1.52,9x10°5M.

Sol. Initial (IR®™ H) pH : o = /% =0.06 (< 0.1)
So, (31a:, ) [H*] = Co. = 0.06 x 0.05 = 0.003 M

pH = 2.52
Final (3:| 'E'q) pH = — |Og 00011: 1 Change (q-ﬁaﬁ:[) — 1 _ 252 - _152
Now, (3ra) Ky = [HAHCOO'] —,  18x104= 2IxHCOOT]
[HCOOH] 0.05
= [HCOO1=9x10°M

B-2.2w Determine pH & [NH4'] in a solution obtained by mixing equal volumes of 0.02 M KOH solution and 0.2
M NHs.H20 solution (Kb = 2 x 10-%). Also calculate % dissociation of NHs.H2O in the final solution.
0.02 M KOH faeras @21 0.2 M NHa.H20 fae@9 (Kp = 2 x 10-5) & HAE ad=i &I e o ura e
H pH AT [NHa*] &1 iRy Fif1g | e1fsa faeras 5 NHs.H20 &1 % fadiom ¥ aRafora IRy |

Ans. 12,2x10*M,0.2%

Sol. pOH = —log [Mj =2 So, (31 :,) pH=12;
V+V
-2 +
2 x 10-5 = 10 x[NH.] [NHa] = 2 x 104 M
0.1
-4
Co =2 x 10 - a=10052=2x10—3=o.2%
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lonic Equilibrium (Advanced) ﬂ_

Section (C) : pH calculation : Solutions containing mixture of weak acids, Solutions
containing mixture of weak bases

@S (C) : pH IUMT : gdd Al BT Fisor TEm e e, gaa ari &1 fisor @w 9 e

Commit to memory :
Mixture of two weak acids (both monoprotic) : [H*] = C,a, + C,a,= /ClKa1 +C2Ka2

Mixture of two weak bases (both monoacidic) : [OH] = C,a, + C,a,= /Cle1 +CoKp,

AT G Y e
<1 gdd ol (&I geriied) &1 s 1 [HY] = Cya, + Ca,= [CiK, +CoKy)
<1 gdd aRi (€ veasTi) @1 M : [OH] = C 0, + Cya,= [CKp +CoK,

C-1.= Calculate [H*], [HCOO-] and [OCN-] in a solution that contains 0.1 M HCOOH (Ka = 2.4 x 10~*) and 0.1
M HOCN (Ka =4 x 1074).
0.1 M HCOOH (Ka = 2.4 x 10~%) @21 0.1 M HOCN (Ka = 4 x 10~%) Jaa fderae 8, $99 [H*], [HCOO-] den
[OCN-] @1 o1 HIFTT |

Ans. [H*]=8x103M, [HCOO] =3 x 103 M, [OCN-] =5 x 10*M

Sol. [H] = \(0.1x 2.4 x10*) + (0.1x 4 x 10*) =8 x 10°M

[H'] [HCOO]

[HCOOH]

For HCOOH, (HCOOH & foRl) Ka=2.4 x 104 =

[HCOO]=3x103M

for HOCN, (HOCN & ford) a=4x10%= H1 [OCN']
[HOCN]

[OCN-]=5x 103 M

Section (D) : pH calculation : Solutions containing mixture of weak polyprotic acid and
strong acid, Solutions containing mixture of weak Polyacidic base and strong base

@S (D) : pH YT : gl IgHIfc® 3 d Hdal 3 DI MY Y@ dlcl Ao, ool 9gariig
#R 9 U9d &R &1 A0 3@ arel faeas

Commit to memory :
Mixture of a polyprotic weak acid and a strong acid : [H*] = [H*] from SA
Mixture of a polyprotic weak base and a strong base : [OH-] = [OH-] from SB

IS @AY e
TgUIfcd gada IFe AT U 7 Bl MASO @ [HY] = [HY] SA 9
JEACH gdal &R AT U9l &R BT A8 : [OH] = [OH] SB ¥

D-1.  What is [HS7] & [S*] in solution of 0.01 M HCI and 0.1 M HzS ? (Given that for H2S : K, =10"" and
Ka, =1071)
0.01 M HCI 1 0.1 M H.S & facras & [HS-] den [S-2] |rsar sa #ifre | (far a8 f H.S & farg,
Ky, =107 0T K, = 107%4)

Ans. 10°%M, 1018 M

Sol. C_HIHST s - 107 20LHS ] - [HS] = 106 M.
' [H,S] 0.1
« xk o HTIS"]

w T RS
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lonic Equilibrium (Advanced) ﬂ_

52 = 10 x(g.l: 1048\,
(0.01)

Section (E) : pH calculation : Solutions of salt of weak polyprotic acid and strong
base, Solutions of salt of weak Polyacidic base and strong acid, Solutions of
amphiprotic species.

@S (E) : pH TVMT : 4 gAfed 3FA @ el &R @ @0 & fIog+, a1 gl &R 9
TS A B IV B I, Swaifcs Wi @ e

Commit to memory :
Solution containing polyvalent anion (Ax) of weak polyprotic acid (H,A) :

K Kn
KhlzK_W; h= Cl
aX

Solution containing polyvalent cation (BH,¥*) of weak polyprotic base (B) :

K Kh 1
Ky, =—%:h= L pH= =[pK,, -pK, -logC
hy Ko, ‘fC p 2[pwpby gC]
PK,, +PK,, PKa, +PK,, j

Solution containing amphiprotic anion of acid H A : pH(H, ,A°) = (TJ ; PH(H AZ) = [ >

 pH = %[pKW +pK,_+logC]

g @ ARG T

gdd TgAIfed o (HA) $1 dgddIon M (AC) Jad faera
_Ky o Kh1 . _1

Khl_K_’h_ . ,pH-E[pKW+pKaX+IogC]

a,

gaa E@;l‘r%‘cﬁ &R (B) BT qgHAISH &R (BH ) o faera :

K ,Kh 1
K, =—% :h= L pH= =[pK, -pK, -logC
hy Kby C p 2[pwpby gC]

¥ H A &1 SHIHIfced RoMIT Jad fderds : pH(H, ,A) = [

PKa, +PK,,
2

PKa, +PKy, J

] s PH(H,_A%) = ( >

E-1. Calculate the pH of 0.1 M NasA of solution (salt of a tribasic acid HzA). Assume only first step hydrolysis
to be significant. Given : K, , K, &K,_for HsA are 104, 107 & 10~° respectively.

0.1 M NasA faer e (e 3 HiA &1 @@vr) &1 pH IR&bferd ST | A1 fh dael uee g STasiees
wefe B far 7 HA D T K, , K, &K, %104, 10739 109 8 |
Ans. 11

Sol. pH = %(14+pKa3 +10g0.2) = 7+%(9—1) =11

E-2.  What is the pH of M/20 KHCgH4O4 solution ? Given : H2CsH4O4 is a dibasic acid with pK, & pK, as

2.94 & 5.44 respectively.
M/20 KHCgH4Ox faerai @1 pH @1 & 2 fadm B : H2CeH4O4, pK, AT pK, AT 2.94T 5.44 B H1J U

fgemir arar B
Ans. pH=4.19
Sol. NaHCOs3 [C] = 01M
K, +pK
oH = PR, 2P a, _2.94+5.44 —419
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lonic Equilibrium (Advanced)

/\ g

PART -1l : ONLY ONE OPTION CORRECT TYPE

AT - 1| : Bl U 98) fdhed YBHR (ONLY ONE OPTION CORRECT TYPE)

Section (A) : pH calculation

Polyacidic weak bases

@S (A) : pH TUFT : IgUIReS Saal o7 & e, Sguife® Qi &R @ faew

Solutions of polyprotic weak acids, Solutions of

Commit to memory :

Solution of a polyprotic weak acid (HxA) : pH = %(p K, —log C) [if a, 0.1 or 10%] ; [Hx2A*] = K,

Solution of a polyprotic weak base (B) : pOH = %(p Kp, —log C) [if a, < 0.1 or 10%] ; [BH:'] = K,

g 3G9 Y 1 :

JEACH oo ke (HxA) BT faea : pH :% (PK,, —log C) [Af< a, < 0.1 37 10%] ; [Hx2A%] = K,

Jgiificd gda &R (B) &1 fdeaa : pOH = %(prl— log C) [Af o, < 0.1 A1 10%] ; [BH'] = K,

A-1xm

Sol.

A-2.

Sol.

Ky, of N2Ha is 4 x 107°. Then, what is the acid dissociation constant of N2Hs* and N2He?* respectively ?

(A) data insufficient, 4 x 10-5

(B) data insufficient, 2.5 x 10-8
(C*) 2.5 x 1079, data insufficient (D) 2.5 x 1079 4 x 10

NzHa &1 Ky, 4 x 1008 | 79, N2Hs* 1T N2He? @ el faior Rerie shwer: &1 g ?

(A) bS], 4 x 106

-14
Ka = K—W =] L—G = 2.5)(1079
'K, 4 x10
Kp, data not given, so K, cannot be determined.

Kp, Sbs &8 T 78 8| o K, 1 FEiRor 7€ & qad & |

For ortho phosphoric acid,
HsPOa (aq) + H20 (aq) —— HsO* (aq) + H2PO, (aq) ;

H2PO4 (aq) + H20 (ag) —— HsO* (aqg) + HPOZ (aq) ;
HPO? (aqg) + H20 (aq) —> H3O* (aq) + PO} (aq) ;
The correct order of Ka values is :
aiferf wepIR® e & farg,
H3POa4 (aqg) + H20 (aq) —— HsO* (aq) + H2PO, (aq) ;
H2PO4 (aq) + H20 (agq) —— H3O* (aqg) + HPOZ (aq) ;
HPO? (aqg) + H20 (aq) —> H3O* (aq) + PO} (aq) ;
Ka® AT &1 A& %9 § -

(A) K, > K, <K, (B) Ky, < K, < K, (CY K, > K, >K
For each weak polyprotic acid, Koy > Ky > Ky

UAH gaol qgUIfcd 3T Ko > Ky > Ky e,

(B) 3l *muafw, 2.5 x 1078
(C*) 2.5 x 1079, b I (D) 2.5 x 109, 4 x 106

a
a

az

a

K

a

K

ag

(D) K, < K,, >K

ag

/\

Resonance®

Educating for better tomorrow

Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in

Reg. & Corp. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) — 324005
ADVIEQ(A)-5

Toll Free : 1800 258 5555 | CIN: U80302RJ2007PLC024029



mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx

lonic Equilibrium (Advanced) ﬂ_

A-3.m

(i)

(iii)

(iv)

(v)

Sol.

A-4 =

Sol.

In a solution of 0.1 M HsPO4 acid : (Given K, =107 K, =107,K, =10")
0.1 M HsPOs & s faergst # : (faam an &, K, =10°, K, =107, K, =107

Concentration of HzPOa is :
H3PO, & Il © :
(A) 0.01 M (B*) 0.09 M (C) 0.05 M (D)0.1 M

Concentration of H2PO4~ is :
HoPO4~ &Y |T=sdl © -
(A*)0.01 M (B) 0.09 M (C)0.02M (D) 0.04 M

Concentration of HPO4%is :
HPO42- &1 dTvsdl © :
(A*) 107 M (B) 108 M (C) 103 M (D) 10“M

Concentration of PO43is :
PO3 &) Fl=dl & :
(A) 1020 M (B*) 10-17M (C) 10715 M (D) 1012 M

pH of solution is :
faer o &1 pH R :
(A)1 (B 2 (C) 4 (D)5
H3PO4 d H2PO4~  + H*
0.1-x X X
X2

Ka, = 0.1-x

X = 0.01 = [H*] = [H2POx]
and (dem) [HPO4?* ] =10"M
_ H1 [PO] 1012 = 00D [PO,’]

[HPO,” ] 107

[POs] = 107 M
[OH] = 1022 M

=107

ag

Generally, in aqueous solutions of weak polyacidic bases, OH- ions produced fron 2™ ionisation are
negligible because of :

(A) Ky, << Kp,

(B) Common ion effect exerted by OH-ions produced from 1st ionisation.

(C*) Both (A) & (B)

(D) None of these

AMRIG: il 9garald &Rl & Sieild fAeasi # §av A ¥ S OH- 339 99 & dRU1 999 8l
g

(A) Kp, << Kp,

(B) W2/ 3 | U= OH- 31 §RT TRIUT AT YHTq

(C*) | (A) T2 (B)

(D) 379 ¥ PIs &I

It is factual. (I8 TATHS )

/\
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lonic Equilibrium (Advanced) ﬂ_

Section (B) : pH calculation : Solutions containing mixture of weak monoprotic acid
and strong acid, Solutions containing mixture of weak monoacidic base and strong
base

@ug (B) : pH UM : Gddl Udhemliicd o d Ued 3FA &1 sl @ a0 e, gda
THANNT &R T J9 &R BT 307 IWq ara e

Commit to memory :
Mixture of weak acid (monoprotic) and a strong acid : [H*], = C, (just not considering the H* ions from
WA).
Mixture of weak base (monoacidic) and a strong base : [OH-], = C, (just not considering the H* ions
from WB).

qIE @AY ey ¢
Sdd 3T (Yhavlied) Tl ael 3Fa BT 38701 @ [HY], = C, (WA R 37 dTel H* 3=l &I 781 A1 §Y) |
S9d &R (TPHeIsreiy) oM Jadl &R $1 345701 : [OH-], = C, (WB 9 371 dlel H* 3I+1 &1 &1 79 gY).

B-1.= The dissociation constant of acetic acid at a given temperature is 1.69 x 10°. The degree of
dissociation of 0.01 M acetic acid in the presence of 0.01 M HCl is :

frd o ™ U ) tRifed 3 &1 faare= fFadie 1.69 x 105 2| 0.01 M HCI @ suRefd § 0.01 M
tfafed 3k & faaIeT @) 913 © -

(A) 1.69 x 10”7 (B) 1.69 x 10-° (C*) 1.69 x 102 (D) 2.9 x 10?
Sol. CH3COOH (ag) 0 H* (ag) + CH3COO- (aq)

t=0 0.01

t=-eq 0.01 —x X X

[H*] =+ 0.01 ~ 0.01 M

_ [H] [CH,COO0T] ~ 169 x 105 = %01 x[CH,COO]
[CH,COOH] 0.01

[CHsCOO] =1.69 x 105 M

a

-5
So, degree of dissociation of CH;COOH (3¥fefl?, CHsCOOH & fadrei™ @ |13 = 1.69x107 _; g9

0.01
x10-3

B-2.w= On adding 100 mL of 10-2 M NaOH solution to 100 mL of 0.01 M Triethyl amine solution (Kb = 6.4 x 10~
5), change in pH of solution with respect to triethylamine solution will be :

0.01 M ¢EUIe UM fdes (Kb = 6.4 x 10-5) & 100 mL # 102 M NaOH fa@a9 &1 100 mL fd™ w®
TISUre UHiE e & pH | 9Rad+d 8Fm :

(A)-0.8 (B¥) + 0.8 (C)+1.1 (D)-1.1
Sol. Initial (W™ #) = [OH] = V/6.4x10° x0.01= 8 x 104 .. pH = 10.9
1072

Final 3/ #) = [OH] = LpH=117 So, change (3rd: afRad=) = + 0.8

B-3.= In above question, concentration of Triethyl ammonium ion ([CsNH16*]) in resulting solution will be :

SIRIFT g3 H, TRV e 7 grSufda smifead mae ([CeNHaet]) 1 st 81 ¢

(A) 100 Kp (B) 200 Kp (C) 10 Ko (D*) Kb
1072
_ . == [CNH;,
Sol. Kp = [OTC][I\C;:NTle] 2 10_2 = [CBNHIG] =Ko
6' V1115
2
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lonic Equilibrium (Advanced) ﬂ_

Section (C) : pH calculation : Solutions containing mixture of weak acids, Solutions
containing mixture of weak bases

@us (C) : pH IvMT : gdd Al BT Fisor T@w Jret faeres, g ol &1 fisor @@= e Ao

Commit to memory :

Mixture of two weak acids (both monoprotic) : [H*] = C,a, + C,a,= [ClKa1 +C2Ka2
Mixture of two weak bases (both monoacidic) : [OH] = C,a, + C,a,= /Cle1 +CoKp,

g IE9 Y de ¢

]l gaol 3l (G Ypamiiesd) &1 A% : [H] = C,a, + C,0,= /C.LKal +CoKq,
]l gadl @RI (QF1 Ybersrid) &l s : [OH] = C,a, + C,a,= /Clel +CoKp,

C-1»

Sol.

C-2.n

Sol.

C-3x=

Consider an aqueous solution, 0.1 M each in HOCN, HCOOH, (COOH)2 and H3PO4. For HOCN, we
[H'][OCN]
[HOCN]

(A) H* ions released by HOCN

(B) Sum of H* ions released by all monoprotic acids

(C) Sum of H* ions released only the first dissociation of all the acids.

(D*) Overall H* ion concentration in the solution.

TH el faer@d, HOCN, HCOOH, (COOH)2 eI HsPO4 9% & 0.1 M B |
HOCN & forg, Ka(HOCN) = ['m[g—cil'\]'] forg I®d 21 39 FHART H [HY ©
(A) HOCN &RT & 3 T H* e

(B) @ AHIMIfCH ol gRT Jad H* 3Tl &1 A

(C) T+ ol & Hact YA Ao | gad H* g+l &1 A

(D*) faeras | ol H* S Arsdl

can write : Ka(HOCN) = . [H*] in this equation is :

For HOCN-, Ka = LN ) ; Here [H*] = total H* concentration of solution.
[HOCN]
HOCN‘?%IK’,&F%; I8l [HY] = fIe@s 9 g H* |r=an

What are [H*], [A7] and [B-] in a solution that contains 0.03 M HA and 0.1 M HB. Ka for HA and HB are
3.0 x 104 and 1.0 x 10-19 respectively.

(A) [H]=3x10°M (B)[A]=3x103M

(C)[B]=3.33x10°M (D*) All of these

0.03MHATJ 0.1 MHB & T faedd | [H*], [A] T [B-] F1 & ? HA UG HB & folg Ka HHen:

3.0 x 1047 1.0 x 1010 & |

(A)[H]=3x103M (B) [A]=3x103M

(C)[B]=3.33x10°M (D*) SURTaT

[H]= K, xC= Y3x10“x3x102 =3 x 10° M

pH of a solution obtained by mixing equal volumes of 0.1 M Triethyl amine (Kb = 6.4 x 10-%) & 4;45 M

NH4OH (Kb = 1.8 x 10-5) will be :
0.1 M ¢TSTRA THF (Kb = 6.4 x 1075) T 4i5|v| NH4OH (Kb = 1.8 x 10-5) & TRTER Ml &I e )

U<y faera= @ pH Bl -
(A¥) 11.3 (B) 10.3 (C)12.3 (D) 11.45

/\
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lonic Equilibrium (Advanced) ﬂ_

4x1.8

Sol. [OH]= \/(0.1>< 6.4+ }10-5 =0.002M . pH=11.3

C-4. At 25°C, Kp for BOH = 1.0 x 10-2, A 0.01 M solution of BOH has what value of [OH-] ? [16JC110289]
25°C ©R BOH & foTg Kp = 1.0 x 10228 | BOH &1 U 0.01 M faeras, [OH-] &1 a1 19 IE@al § ?
(A) 1.0 x 106 M (B%) 2 x107M (C) 1.0 x 105 M (D) 2.0 x 105 M
Sol. H20 0 H" +OH~
X1 X1+ X2

BOHO B +OH~

X2 X1+ X2
X1 (X1+ X2) = 104
Xo | Xy + X
2(1—22): 1012 = X2 (X1 + X2) = 1024

10™

X1
X2
X1(X1 + X1) = 10714

=1 = x1=x2

2x2=101 = xi= iz x 107
[OH] = 2x1 = 2 x 107.

Section (D) : pH calculation : Solutions containing mixture of weak polyprotic acid and
strong acid, Solutions containing mixture of weak Polyacidic base and strong base

@S (D) : pH VAT : gl IgHifc® 37 d Ndal 3 1 MY Y@ dlel Ao, oo 9gariig
&R 9 Y9 &R &1 A0 @ arer e

Commit to memory :
Mixture of a polyprotic weak acid and a strong acid : [H*] = [H*] from SA
Mixture of a polyprotic weak base and a strong base : [OH-] = [OH-] from SB

IS TG A G -
Jgiifcd gdal oFal A Uae 3Fl Bl MASIT @ [HY] = [HY] SA 9
JEACH ool &R AT U9l &R BT A8 : [OH] = [OH] SB ¥

D-1.= For a solution obtained by mixing equal volumes of 0.02 M KOH solution & 0.2 M B (weak diacidic
base; K, =107 & K, = 10') solution :
(A)pH=12 (B) [BH*]=10°%M (C) BH'1=108M  (D*) All of these
0.02 M KOH fdefgs T2 0.2 M B (g9 feariia &R ; K, = 107 @21 K, = 10-1) fdeids & sxTsR Sryasi
31 e ¥y faemd & ol
(A) pH =12 (B) [BH*] = 10° M (C) [BH*]1=108M  (D*) SURIad a+t

Sol. [OH]= o._gz =0.01M . pH=12

_0.01 [BH']

107 = [BH*] = 105 M

(0.00)*[BH:"]

107 x 10714 = = [BH*]=108M

® Reg. & Corp. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) — 324005
/\ Qesonance Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in ADVIEO(A
Educating for better tomorrow Toll Free : 1800 258 5555 | CIN: U80302RJ2007PLC024029 Q(A)-9



mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx

lonic Equilibrium (Advanced) ﬂ_

Section (E) : Salt hydrolysis, pH calculation : Solutions of salt of monoprotic acid and

monoacidic base.
QU (E) : JqUl SIAsIIEed, pH TN : THaified 37 9 THARd &R & oau @ fQad+

Commit to memory :

Salt of strong acid and weak base : K, x K, =K, ;h = /% ; pH :% [pPK,—pK,—log c] (valid if h < 0.1 or 10%)
Salt of strong base and weak acid : K, x K, =K, ;h = /% ; pH :% [PK,+PK +log c] (valid if h < 0.1 or 10%)

Salt of weak acid and weak base : K, x K, x K, =K, ; (%j =Ky ; pH :% [PK,+PK, — PKy]

g ITEGH AY A ¢
K

Udel 3% el gﬁa &R DT U7 : K X Kb:KW;h:J?“ ; pH:% [pK,—pK,—log c] (AT Ifg h < 0.1 a1 10%)

T &R AT gadl 3l Bl o1dv : K, x K, =K, ;h = /% ; pH:% [pK,,+PpK_+log c] (A= Ife h < 0.1 A1 10%)

gl 3% AT gadl &R Bl oav : K, x K, x K, = K, ; (%j:\/K ; pH =% [PK,+PK, — PKy]

E-1.=. The pH of a solution obtained by mixing 100 mL of 0.2 M CH3sCOOH with 100 mL of 0.2 M NaOH would
be : (pKa for CH3COOH = 4.74)
0.2 M NaOH @ 100 mL @ |12 0.2 M CH3COOH & 100 mL &1 faf3ad &== W ura fderas &1 pH & -

(CHsCOOH & oy pKa = 4.74)

(A) 4.74 (B*) 8.87 (C)9.10 (D) 8.57
Sol. CH3COOH + OH- —— CH3COO- + H20

t=0 20 20

t=eq - - 20

So,  [CH:COO= 22 01 M
200

pH=7+ %pKa+ %IogC:7+2.37+ %Ioglo—lz 7+237-05=8.87

Sol. CHsCOOH + OH- —— CH3COO- + H20
t=0 20 20
t=¥a = = 20

g4faly, [CHsCOO] = %: 0.1M

pH=7+ %pKa+ %IogC=7+2.37+ %Ioglo—lz 7+237-05=8.87

Section (F) : pH calculation : Solutions of salt of weak polyprotic acid and strong base,
Solutions of salt of weak Polyacidic base and strong acid, Solutions of amphiprotic
species.

@ug (F) : pH TUFT : Gddl IgHIC® 3F 9 Uedd &R & odY & fdcigd, §dol 95 &R d
TS 37 b dV & [dorae, SWanifcs Wi & fdere
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lonic Equilibrium (Advanced) ﬂ_

Commit to memory :
Solution containing polyvalent anion (Ax) of weak polyprotic acid (H A) :

Ky

1

Solution containing polyvalent cation (BH, ¥*) of weak polyprotic base (B) :

K

1

Solution containing amphiprotic anion of acid H A :

pPH(H, A7) = (

K C

ay

PH = Z[PK,, +PK,, +1ogC]

K Kh1

=Y -h=

Ky, C

1
yPH = E[pKW —pry —logC]

PKa, +PK,,

2

PKa, +PKy,
2

j s PH(H, ,A*) = [

e @ ARG 7
gdd IgUIfc® ke (H A) BT 9ISl 0 (A*) Ja faeras

Kn

1

gdol 9gAIfcs &R (B) 1 IgwaIsil €= (BH v*) o faera :

K

1

7 H A BT IUTHIfCH UM Jadl faerd
pH(Hx—lA_) = (T]s pH(Hx-zAZ_) y [ 2

KW : h = Khl
Ka, C

s pH = %[pKw +pK,, +logC]

K Kh 1
=% h= L pH= =[pK, —pK, —logC
o J e ipH= 39K, ~pK,, —logC]

PKa, +PK,,

PK,, +PKy, ]

F-1.

Sol.

F-2.

Sol.

F-3.a

For a BH2Cl2 solution (chloride salt of a diacidic base B): (Dissociation constants of base are K, & K, )

BH2Cl. faeras (fgarita &R B &1 Felikigs odv) & ford : (@R & faures fadie K, o K, €)

— Kw ®! _ Kw _ Kb1

() K, << K, ® K= ©) K= > ©) K, = >
) K, << K, (B) K, = Ku. (D) K,, = Sw
2 ol 1 sz 2 Kbl

Select the correct statement regarding above solution :

(A) Anion will undergo hydrolysis producing OH- & solution is expected to be basic.
(B) Anion will not undergo hydrolysis & solution is expected to be basic.

(C*) Cation will undergo hydrolysis producing HsO* & solution is expected to be acidic.
(D) Cation will undergo hydrolysis producing OH- & solution is expected to be acidic.
SRIT Aoy @ da¥ H 98! HUF & I DI

(A) T ST TS B OH- ST~ BRI AT fIero eIy 3rufard 2 |

(B) VI ST 3Uee &l < a2 faerad &g smuferd ¥

(C*) g9 STel 319ee dR HzO* 3= HRA a2 faeras areiia srufard 2 |

(D) ¥9RIF STl JIq8es] BY OH- Seq= BRI AT faera areiig Jmufera 2 |

BHZ" + H20 — BH; + HsO*

pH of 0.1 M Na2HPO4 and 0.2 M NaH2PO4 are respectively: (pKa for HsPO4 are 2.2, 7.2 and 12)

0.1 M NazHPO4 @1 0.2 M NaH2PO4 &1 pH 7l 71 B @ (HsPOs & Ao & o pKa ®H9 2.2, 7.2
qem12 1)

(A)4.7,9.6 (B*) 9.6, 4.7 (C)9.3,4.4 (D) 4.4,9.3
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lonic Equilibrium (Advanced) ﬂ_

Sol.

Sol.

Bal.

Bl Exercise-2 |

PK,, +PK,, _ 7.28+12 _

For NazHPOa, pH = s 9.6.
For NasHPO4, pH = P ;pKaz = 2'2;7'2 =47.
NasHPO. @ forg, pH = P ;pKaS = 7'282+12 = 96.
Na;HPO4 & BT, pH = P ;pKaz = 2'2;7'2 =47

The pH of which salt solution is independent of its concentration ?

foa oraur faerad &1 pH, 3@ ATl 9 WA § ?

1. (CHsCOO)CsHsNH 2. NaH2PO4 3. NazHPO4 4. NH4CN

(A" 1,2,38, 4 B)1,4 ©)2,3 (D)1,2,3

pH of amphiprotic salt solutions and weak acid-weak base salt solutions is independent of there
concentration.

SHIYICH VIl 9 Gddl 3 ool &R b vl & (Il Bl pH, STD! Al IR R T8 AT 2 |

= Marked questions are recommended for Revision.

= fiffed ue9 M IFg yeE 2|

PART -1: ONLY ONE OPTION CORRECT TYPE

W : Bdel UPp el fdded TSR (ONLY ONE OPTION CORRECT TYPE)

Sol.

In a solution obtained by mixing 100 mL of 0.25 M Triethylamine (Kb = 6.4 x 10-°) & 400 mL of % NH4

OH (Kb = 1.8 x 1075) :

(A) [NH4*] = 4 x 104 M (B) [CsNH16*] = 1.6 x 103 M

(C*) Both (A) & (B) (D) None of these

0.25 M TTIRYRIATHN (Kb = 6.4 x 10-5) @& 100 mL e am% NHs OH (Kb = 1.8 x 10-5) @& 400 mL

faeas @1 e 9 Ut v faerad # ¢
(A) [NHs*] =4 x 104 M (B) [CeNH16"] = 1.6 x 103 M
(C*) &1 (A) 9 (B) (D) 379 ¥ BIg &

[OH] = J0'525 x6.4x107° +%(%)x1.8x10_5 =2x103M

2x1073[C¢NH;4]
0.25
5

2x1073[NH;]
4( 1
<)

Ratio of [HA*]in 1 L of 0.1 M HsA solution (K, = 10-°; K, =108 & K, = 10"") & upon addition of 0.1

mole HCI to it will be :

0.1 M HsA faer (K, = 10-%; K, = 108 da1 K, = 101) & 1 L § du1 g&H 0.1 "ol HCl fiere W

[HAZ] Srgara &1
(A) 10 (B) 100 (C) 1000 (D*) 10,000

Now 374, 6.4 x 105 = [CeNH16*] = 1.6 x 103 M

and e, 1.8x10°5= [NHs 1 =4 x 104 M

/\
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lonic Equilibrium (Advanced) ﬂ_
Sol. Initial IR™® : [HA2] = 108 M = Kaz
_ [HPHA™]

[H'*[HA™]

Final aff< @ K, x K, . 108x105= [HAZ] = 1012 M
' [H:A] [HiA]
So. ratio ar: _10° o
0, ratio 3d: 3rUTd SPreETh
3. Calculate the degree of hydrolysis and pH of 0.005 M KzCrOa. Ka, =5 X 107 for H2CrO4. (It is

essentially strong for first ionization)
0.005 M KzCrOs & STei—3ueies & A= d pH IR®BfAT BRI | HaCros & foig K, =5 x 107 (I8 yuH

A & forg Afard w5 | v ®)

(AY) h=2x 103 (B) h=0.01 (C)pH=5 (D) pH=9.7
Sol. CrO4> + H20 =— HCrOs+ + OH-
K
Kh = K—W =2x108 and den Kh=Ch2=2 x 108
-8
- h2= 2)(10 h:2x10_3
0.005

[OH-]=Ch=0.005x2x 102=105M .. pOH=5&d pH=9

PART -1l : SINGLE AND DOUBLE VALUE INTEGER TYPE
AT - 1l : Udhd Q4 fg—quiid A YR (SINGLE AND DOUBLE VALUE INTEGER TYPE)

1 For a solution of weak triprotic acid HsA (K >> K, , Ky ; Ky, =107 K, = 107), [A*] = 10717 M.
Determine pH of solution. Report your answer as ‘0’, if you find data insufficient.

g‘éa ]%TE{T%_CE JFT HzA (Ka1>> Kaz’ Ka3; Kaz = 10—3; Ka3 = 10—13), EF\) ﬁa—q:[ Eﬁ ﬁ,rq [A3_] =107 M %l

e & pH &1 FERT ST | 3191 ITR 0 S HY H UMY, e AUDI Adhs JUATK K |
Ans. 4

Sol. HA>- = H* + A= Ky, = 10713
t=equryg 108 1017
[H]x10™" _ s
10°®
Soard:, [H]=10*M .. pH = 4

2.m Calculate [H*] in a 0.2 M solution of dichloroacetic acid (Ka =5 x 10-?) that also contains 0.05 M H2SOa.
Report your answer after multiplying it by 400.

0.05 M H2SO04 g SISdaRIVHIICH 3%l (Ka=5 x 102) & 0.2 M o= | [H*] &1 o1 SHIfSg | 9=
IR 400 | TON B ST |

Ans. 60
Sol. HA = A + H*
t=0 0.2 0.1
t=eq 0.2(1-o0) 0.2c.  0.1+0.20
_[HT [A] _020(0.1+0.20) 1)
[HA] 0.2(1-a)
Expecting o << 1,5 x 102 = %

o o = 0.5 (not negligible)

So, solve quadratic (1) & get o = 0.25

o [H1=0.1+0.2x0.25=0.15M
Ans. 0.15 x 400 = 60
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lonic Equilibrium (Advanced) ﬂ_

Sol. HA =— A- + H*
t=0 0.2 01
t=eq 02(1-0) 0200 0.1+0.2a
_ 1 [A] _020(01+0.20) 0
[HA] 02(1—a)
MUfaTs w0 W << 1,5x 102 = %;0-1

. o = 0.5 (v &)

ra: fgema el (1) BT & B W B UTW 811 & o = 0.25
- [H]=0.1+0.2x0.25=0.15 M

Ans. 0.15x 400 =60

3= Calculate the ratio of concentrations of HCOO- & OCN- ions in a solution containing 0.1 M HCOOH (Ka
=1.8 x 104 and 0.1 M HOCN (Ka = 4 x 10-4). If simplest ratio is a : b, report your answer as (a + b).
0.1 M HCOOH (Ka = 1.8 x 10%) @211 0.1 M HOCN (Ka = 4 x 10~%) & U& fdeias § HCOO- T2 OCN-
DI AR I AU GRSl DI | Al ARTaH 3quid a : b 8, 1 U9 SR (@ + b) & w4 H
ST |
Ans. 29 (actual answer =9 : 20)
Sol. [H*] is the same for equilibria of both acids.
Now, let [HCOO-]=a M and [OCN-]=b M
[H ]xa [H ]1xb
0.1 0
So, (a+hb)=29
[H*] S el & Ardl & forg 9\ 2
3§ F171 [HCOO ] =aM T [OCN]=hb M
[H ]xa [H 1xb
0.1 0.
3, (a+b) =29

=l
20

=1.8x10"* & =4x10"* = =

oo

X
20

=1.8x107* @en

=4x107* =

oo

4, In a solution containing 0.01 M HCI and 0.1 M H2COgs, ratio of [H*] produced from strong acid & weak
acid respectively is: 1. Report your answer as x/500. Given : K, &K, of H2COs are 4 x 107 & 4 x 10~

respectively.

0.01 M HCI 211 0.1 M HoCOs J&i U faeias H Uddl 3% Il Gacl ol 9 Sed= [H'] BT AU S

1% | 0T STR /500 & w4 # ARQ| fadm 8 : HoCOs & foly K, &K, 7% 4 x 107 a4 x 10117 |
Ans. 5

0.01x [HCO3]

Sol. 4x107= [H*]from weak acia = [HCO3s7] = 4 x 106 M

0.1
Ratio = 0.01 _ 2500 —x
4x107° 1
So, answer = X = 5
500
Sol. 4x107= w [H*]géer o 4 = [HCOs] = 4 x 105 M
0.01 2500
;yaq d = = =X
4%x107° 1
3'{?[:, 3N = L =
500
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lonic Equilibrium (Advanced) ﬂ—
5. Calculate the change in pH of 0.1 M NazHA solution after diluting it to ten times the original volume.
(Given that for HsA : K, =107, K, =107, K, =10)
0.1 M NazHA faerad & pH ¥ =R, arifds faeia &1 e g9 T[T O R b UTd IRBio BIforg |
(fRam & f& HaA® fog @ K, =107, K, =107, K, =101

Ans. O

Sol. pH of solutions of amphiprotic species is independent of concentration of solution.
INTAIfed WS & Aol @t pH faee & Jrsar 9 wa= 8l 2 |

6. What is the pOH of a 0.5 M NasPO4 solution ? Report your answer as 10 x pOH.

(K =7.5% 103, K, =6.2 x 108, K, =4 x 10-13)
0.5 M NasPOs faetad &1 pOH a1 8 ? 31941 SR 10 x pOH & w7 # ST |
(Ko, =75 %1073, K, =6.2x 108, K, =4 x 103

Ans. 10
Sol. POS +H,0 =—HPOZ +OH-; K, = ~w=1
'K, 40
t=eq 0.5 (1-h) 05h  05h
2
05h" _ 1 h=0.2.
1—h = 40

[OH]=05h=0.5%0.2=0.1 M.
pOH = —logio (0.1) = 1.

PART - Il : ONE OR MORE THAN ONE OPTIONS CORRECT TYPE

ART - 11l ;: TP T Uob 9§ 3% I8 e R

1. If K, and K, of H2SO4 are 102 and 10-° respectively at a certain temperature, then :
(A*) K, > K,, because it is easy to abstract H* from H2SO4 and less easy to abstract H* from HSOa".
(B*) K, and K, may be measured in acetic acid.
(C) K, and K_ are measured in H20.
(D*) the H* ion conc. of 0.01 M H2SO4 will be less than 0.02 M.
I o (A4f¥ed a9 W H.S0s & K, 92 K, %A% 1072 1 100 &, 9 :
(A*) K,, > K, @@ifd H2SOs & H* BT T M & T2 HSO4~ ¥ H* BT TSI HH ST ¢ |
(B*) K, @1 K, & & HIF Yeifesd 3l # HIY o Fhdl & |
(C) 5t # K, @1 K, &I AI9d & |
(D*) 0.01 M H2SO4 & H* 39 &1 dT=al 0.02 M &1 3Uer &H Bl ¢ |
Sol. H2S04 is a strong acid and it completely dissociated in H20. Hence its K, and K_ are determined in

CHsCOOH.
Also Hz2S04 is neutral while HSO4~ because the —ve charge has more affinity towards H* ion. Hence
choices (A) and (B) are correct while (C) is incorrect.

B, H2SO4 U widel 3l § d2l H:0 § a8 ol ®u ¥ faaifora €1 Srr 8| & CHsCOOH # K, derm K, =i

fBd ST | AT & H2S04 SR 8 @ Safdh HSO4~ FifF H* 3 @l 3R —ve MMIeT 1fdes degan I
& | 31 faded (A) @ (B) Wél & STdfd (C) Terd ¥ |

2. When 0.1 mole solid NaOH is added in 1 L of 0.1 M NHs(aq) (Ko = 2 x 10-%), then select the correct
statement(s) :
(A*) degree of dissociation of NHz approaches to zero.
(B*) change in pH by adding NaOH would be 1.85.
(C) In solution, [Na*] = 0.1 M, [NHz3] = 0.1 M, [OH-] = 0.2 M.
(D*) on addition of OH-, Ky of NH3 does not changes.
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lonic Equilibrium (Advanced) ﬂ_

19 0.1 et 31 NaOH &1 0.1 M STeil NHs (Ko = 2 x 10°5) & 1 oflex # feman Sfrar 8, 99 |8l dUA(E)
BT TIT DI :

(A*) NHs & fIaiSr &1 AT o1 39 81 oIt § |

(B*) NaOH fa™ X pH # ufRad= 1.85 81 MT |

(C) faer@= #, [Na*] = 0.1 M, [NH3] = 0.1 M, [OH] = 0.2 M.

(D*) OH- & e | NHz & Ko ® A § ®I3 uRad+ 981 8Ial & |

Sol. Initial pOH = % (pKb —log C) = % (5-1log2-1log 0.1) =2.85

After adding NaOH, pOH of solution = 1
Change in pOH = 1.85

§A. YRS pOH = % (PKb —log C) = % (5-log2—1log0.1) =2.85

NaOH fie™ & 91, pOH &1 fdead = 1
pOH # uRad= = 1.85
3. Which of the following solutions when added to 1L of a 0.01 M CH3sCOOH solution will cause no change

in the degree of dissociation of CHsCOOH and pH of the solution ? Ka = 1.6 x 10-5 for CHsCOOH?
=1 9§ 9 %9 fde@s #1 0.01 M CHsCOOH & 1 L faeias § e W CHsCOOH & fadis &) Aram #

T faeras & pH H &g gRad= &1 8mal & ? (CHsCOOH & iU Ka= 1.6 x 10-9)

(A*) 0.6 MM HCOOH (Ka =8 x 10%) (B) 0.1 M CH3COONa
(C*) 0.4 mM HCI (D*) 0.01 M CH3COOH
Sol. (A) In 0.6 m M HCOOH solution
+12
a= ] = 8><104‘-—[H4]
C-[H"] 6x10"° —[H']

- [H*] = 4 x 10~ M.
So solution in (A), (C) & (D) are ISOHYDRIC.
Bal. (A) 0.6 m M HCOOH faera= #

T = 8x10%= __BTE
C-[H] 6x107* —[H']
[H*] = 4 x 10~ M.

3 (A), (C) T1 (D) & faerg FHF=ig (ISOHYDRIC) # |

a —

Bl Exercise-3 |
PART - | : JEE (ADVANCED) / lIT-JEE PROBLEMS (PREVIOUS YEARS)
AT - | : JEE (ADVANCED) / IIT-JEE (5t auf) & g

* Marked questions may have more than one correct option.
* fyfted vl @ o @ e Ef e 8 daa €
1. Will the pH of water be same at 4°C and 25°C ? Explain. [JEE-2003, 2/60]
FIT 4°C TAT 25°C TR ST BT pH FHIE & ? quiF PHIfTg | [JEE-2003, 2/60]
Ans. It will not be same at two different temperatures.
] = U 9R g T T BN
Sol. At 25°C, lonic product of water (Kw) =1 x 10-14
[HY] x [OH] =1 x 10~ or —log [H*] —log [OH] = 14
s pH + pOH = 14
It is neutral compound, so in it pH = pOH = 7 at 25°C. On decreasing the temperature, Kw decreases
(since dissociation of water into H* and OH- ions is endothermic; according to Van't Hoff equation), so
pKw increases. Hence at 4°C pKw is greater than at 25°C and at greater pKw, pH will be greater, i.e, at
4°C, pH of water is greater than 7.
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lonic Equilibrium (Advanced) ﬂ_

Bal.

Sol.

Ans.
Sol.

Ans.
Hint :

Hod :

25°C W, STl 61 AFHh JoHHe (Kw) = 1 x 10714

[H*] x [OH] =1 x 1014 il —log [H*] - log [OH] = 14
S pH + pOH =14
IE S AIE B, M@ §AH 25°C TR pH= pOH = 7 B | YA M R Ky Tl & (FfF I &1 H* g
OH- ¥ faare HwTENYl BIAT ©; v B WHIGRYT ¥), 37 pKw I © | 37 4°C TR pKw; 25°C &1 J
H If® BT § d1 Swd pKw TR, pH Sz B 31a: 4°C TR STl &l pH = 7 9 31 &t 7|

A weak acid HX at 25°C has the dissociation constant 1 x 10-5. It forms a salt NaX on reaction with
caustic soda. The percentage hydrolysis of 0.1 M solution of NaX is : [JEE-2004(S), 3/84]
U gacl 37 Bl faare e 25°C R 1 x 105 M & | I8 HIRSH WISl & A1 AMHAT PR T oaul
NaX 9911 8 | NaX @ 0.1 M faera= &1 ufoera Sia—srveed ® ¢ [JEE-2004(S), 3/84]
(A) 0.0001% (B*) 0.01 % (C) 0.1 % (D) 0.15 %

NaX is a salt of weak acid and strong base.

: . K -14
Hydrolysis constant of NaX is Kn= K_W = 11;95

=1x10"°

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

_ 1x10°°
1

or h2 =1x 108 h=1x10*

Percentage hydrolysis of NaX salt=1 x 10 x 100 =1 x 102 = 0.01 %
NaX gdet 37t Tl Yael &R &1 oaul 2 |

K 1x10™

NaX &1 STel uere i Kn= —* = 10 =1x10°
39 UBN & ofdu & foTu Kn = Ch?
C = IR dr=dl
h = 91 31q8es &I Bife
1x10° =0.1xh2
-9
DI he= X210 _ 9, 10 h=1x10*

NaX go1 &1 Ufaerd § oef 31gee =1 x 104 x 100 =1 x 102 = 0.01 %

The dissociation constant of a substituted benzoic acid at 25°C is 1.0 x 10—. The pH of 0.01 M solution

of its sodium salt is : [JEE-2009, 4/160]
U yfoRenfid 9=silg® o7 (substituted benzoic acid) & 25°C TR faurs= ReRi® (dissociation constant)
&1 71 1.0 x 10 8 | $9 0.01 M HIfETH a0l & fderds &1 pH & [JEE-2009, 4/160]
8
Given (f&am T %) Ka =10
pKa =4
C=0.01M

1 1 1 1
H=7+ —pKa+ —logC=7+ = (4)+ =(-2)=8 Ans.
p 5 PKa+ Zlog 2() 2()

The total number of diprotic acids among the following is : [JEE 2010, 3/163]
=1 % 9 fguifess (diprotic) 3rail & §a T B

H3POa4 H2S04 HsPOs H2COs3 H2S207

H3BO3 H3PO2 H2CrO4 H2S0s

6

Acid having two ionizable hydrogen atoms are diprotic acids.

3 Sl Q1 SAfd B9 dTel BTSRIoM URA] 94 €, 9 fgmifes erar &1 €1
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lonic Equilibrium (Advanced) ﬂ_

Sol.

Ans.

Sol.

H,SO, (aq) == HSO, (aq) + H" (aq)
HSO, (agq) — SO, (aq) + H* (aq)

H4PO; (aq) = H,PO; (aq) + H* (aq)
H,PO; (ag) == HPO,* (ag) + H* (aq)

H,CO; (agq) = HCO;" (aq) + H* (aq)
HCO;™ (ag) = CO,* (aq) + H* (aq)

H,S,0, (aq) — HS,0; (aq) + H* (aq)
HS,0, (aq) = S,0,% (aq) + H" (aq)

H,CrO, (aq) — HCrO, (aq) + H" (aq)
HCrO, (aq) — CrO,* (aq) + H" (aq)

H,SO0; (ag) = HSO," (aq) + H* (aq)

HSO;™ (ag) == SO5* (aq) + H* (aq)

So, H,SO,, H;PO,, H,CO4, H,S,0,, H,CrO, and H,SO; are diprotic acids.
31d: H,S0,, HgPO,, H,CO4, H,S,0,, H,CrO, @21 H,SO, fauiife® o & |

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

blue is : [JEE-2010, 3/163]

/=1 & 9= | 9 A, e STl Ao ard foedsd &1 el B4 &, SId! B G4 ©
[JEE-2010, 3/163]

KCN K2S04 (NH4)2C204 NaCl Zn(NO3)2
FeCls K2COs NHaNOs3 LiCN
3
Basic solutions will convert red litmus blue.
KCN
K,CO, } their aqueous solution will be basic due to anionic hydrolysis.
LiCN
AR e, are foead 1 e #xd 2 |
KCN
K,CO, b 7 avll &1 STelly faeras, o STasaed & SR &g &I |

LiCN

PART - 11 : JEE (MAIN) (PREVIOUS YEARS)

HIT - 11 : JEE (MAIN) (Aot asf) & g

JEE(MAIN) OFFLINE PROBLEMS

In aqueous solution, the ionization constants for carbonic acid are : [AIEEE-2010, 4/144]
K1=4.2x 107 and K2 =4.8 x 1011

Select the correct statement for a saturated 0.034 M solution of the carbonic acid.

(1) The concentration of CO3?- is 0.034 M.

(2) The concentration of CO3?- is greater than that of HCOs~.

(3*) The concentration of H* and HCOs~ are approximately equal.

(4) The concentration of H* is double that of COs?-.
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lonic Equilibrium (Advanced) ﬂ_

Sol.

Sol.

Sol.

PEE 3 & o TTelig faers # g ReRri® € - [AIEEE-2010, 4/144]
Ki=4.2x107daM K>, =4.8 x 1011
FEIAS 3 & TP Fg< 0.034 M faead & folg ¥E1 o &1 g S |
(1) COs2- &) HT=dT 0.034 M B | (2) COs2- ! FI=dl, HCOz~ @1 |l ¥ 31f& 2 |
(3*) H* T HCO3~ &1 A=A M RTeR © | (4) HY @ |rwidll, COs?~ &1 A=l 9 G & |
(1) and (4) are incorrect since H2CO3 is not a strong acid.
H2CO3 =— H* + HCOs~ Ki=4.2x 10~
HCOz~ =— H* + CO3*- K2=4.8x 101
K1 >> K2, so H* produced from 1l jonisation can be neglected as compared to those produced
in Ist ionisaiton.
[H*] = [HCO3s7] (from It ionisation)
Also, [CO3%] << [HCO37] (- I ionisation will occur upto negligible extent).
(1) @1 (4) faded o 8 Fifd H.COs Ued 37 7181 B |

H2COs == H* + HCO3~ Ki=4.2x 107

HCOs- =— H* + COs* K2=4.8 x 101

Ky >> Ka, 37 11" (A ¥ Sed~ H* 714 ISt A9 | S~ H* IR & Jo § 97 &
GE

- [H*] = [HCOs] (Ist 3=+ )
g 1, [COs2] << [HCOs] (- 1IN M=+ 7 1vg YR IF YT BT |)

An aqueous solution contains 0.10 M H2S and 0.20 M HCI. If the equilibrium constant for the formation
of HS~ from H2S is 1.0 x 107 and that of S2- from HS- ions is 1.2 x 1013 then the concentration of S2-
ions in aqueous solution is : [JEE(Main)-2018, 4/120]
U Seird fdet@ § 0.10 M H2S T2 0.20 M HCI € | af& H2S | HS- 9591 &1 arg ReRid 1.0 x 107 &
TAT HS- A S 991 &1 A7 ReRTH 1.2 x 10-B 81 a1 STeild faeiad § S2- 3Hi &Y |lesdl a1l —
[JEE(Main)-2018, 4/120]

(1) 6 x 102 (2) 5 x 10-1¢ (3)5 x 108 (4*) 3 x 1020
HCl— H* + Cl-

(0.2 +x+vy) 0.2
H.S=— H* o HS-: Kai1 =10~

0.1-x (0.2 +Xx+Y) (x=y)
HS-=—— H- + S Kaz =1.2x1013
(x=y) (0.2+x+y) (¥)

[H]1= 0.2+x+yM =0.2M

k., = HIHST]_0.2x[HS™] _0.2HS]

(x = negligible) (x= =v7)

[H,S] 0.1—x 0.1
[HS_] - Ka1X0.1= EX10_7
0.2 2
_ [H'IIS*] _ [0.2M][S*]
[HS7] 1><10_7
2
Ka, « 15107 12410 x Lx107
[S%] = 2 = 2 =3x1020M
0.2 0.2
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lonic Equilibrium (Advanced) ﬂ—
IONIC EQUILIBRIUM-II

I ® |ar=-1

Bl Exercise-1
= Marked Questions may have for Revision Questions.
» fffed v S A U B

PART -1 : SUBJECTIVE QUESTIONS

I - | ; QYIS Y99 (SUBJECTIVE QUESTIONS)
Section (A) : pH calculation : Buffer solutions generated from Polybasic acid /
Polyacidic base, Buffer capacity

@ug (A) : pH UM : SEEARN 7 / Ig3TI &R ¥ UK 9%} fdera, %R &

Commit to memory :
pH calculation : Buffer solutions generated from Polybasic acid (HnX) :

. [Ho X ! [Hy 2X*"]
(i) HiX + HaaX-: pH = pK, +log—"———- (i) HhaX= + Hn2X?=: pH = pK, +log———=——
- [HnX] = [Hy4X7]
b

(iii) HX(D-+ X™=: pH = pK, + IogL

n [Hx(n—1 )—]
Buffer capacity : Moles of a strong acid or strong base required to change the pH of 1 L of a buffer by
one unit.
Let there be a buffer solution of volume 1 L with ‘b’ mole of anion (coming from salt) and ‘a’ mole of
weak acid.

:d_X = _303w ~ 2303&
dApH a+b atb
Condition for maximum buffer capacity : [Acid] = [Anion of salt]
g @A IRY e ¢
pH TV : IEERI 3 (HX) ¥ Sed IR [dera :
— 2—
(i) HnX + HnaX™ @ pH = pK, + IogM (i) HhaX= + Hn2X?~ : pH = pPK,, + |OQM
[an] [Hn—1x ]

N £ X"1
(ii) HX(D- + X : pH = pK, +log————

a, [Hx(n—1)—]

IHR AT : U SHTS A 1 L 9B Aerad @t pH &1 aRafidd &xa & g uaat fd a1 Y9al &R & #iail &l

STTERIHT BNl B |
AT J8F O (Fa0T H A dTel) & ‘b Al TN Gacl 3 & 'a’ Al o 1 L 3 &1 U I%x fderad

=
C. :d_x = 2_303% ~ 2303&
dApH a+b a+b

ANfIFHTH IHR &HeT & AT o : [31F] = [AdYT BT FoTaH]

A-1.  An enviromental chemist needs a carbonate buffer of pH 10 to study the effects of the acidification of
limestone—rich soils. How many grams of Na2CO3z must be added to 1.5 L of freshly prepared 0.2 M
NaHCOsz to make the buffer ? For H.COs, K, =4.7 x 1077, K, =4.7 x 10711,
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lonic Equilibrium (Advanced) ﬂ_

Ans.

Sol.

AT YR Yad A H TelldRyl & Y9d & eI & oY Yeb GIiaRvl IS bl pH 10 & TP HIaic
THR DI AMLIHAT 8| IB 9 & ol Aol 99 0.2 M NaHCO3 & 1.5 L & A1 NaxCOs & e I
et ARy ? HoCOs® oy, K, =4.7x107; K, =4.7 x 10714,

15 g Na2COs
pKa=11-log 4.7
n n
pH = pKa + |Og (%j 10=11— IOg 4.7 + |Og( NSZ(;OS J
log —i’ho'g =1 - Ma,co, = 0.141
Na,CO,

Wi, co, = 0.141 x 106 = 14.946 ~ 15 gram

Section (B) : pH calculation : Monobasic acid - Monoacidic base Titrations
@Ug (B) : pH UM : THRINIY SF—Yheisnaid &R AT

Commit to memory :

pH calculation : Monobasic acid-Monoacidic base Titrations :

Carry out chemical reaction between the two components, apply mole concept, observe the final
composition of the mixture and then calculate pH accordingly (using different cases dealt in lonic
Equilibrium-I).

In titration of WA by SB :

X

At half equivalence point : pH = pKa ; pHx % neutratisation = pKa + 100
—X

In titration of WB and SA :

At half equivalence point : pOH = pKb ; pPOHx % neutralisation = PKb + 100
—X

1§ IE9 Y e :

pH T : UHIeINIT 3fFe—Uhelfrelld &R AT :

] UCHl & HF INEAAS JIAHA A & forg A g @1 Sy aRd B, s & «ifvaw ued @
UeUl SR B a1 9. # (emafe |-l § I aRReftEl &1 St wRd gY) FEErgER pH @ o
T ¢ | SB ERT WA & 3FHI H :

3@‘@?&125 fd=g R : pH = pKa ; pHx % SareHia=er = pKa + 108( X
WB T2 SA & AT 4
g Jodid favg IR : pOH = pKb ; pOHx o SaRiaRw = pKp + T

B-1.

Calculate pH of the following mixtures. Given : Ka of CH3COOH =2 x 10-5 and K, of NH4OH = 2 x 10-5.
(&) 50 mL of 0.10 M NaOH + 50 mL of 0.10 M HCI.

(b) 50 mL of 0.10 M NaOH + 50 mL of 0.05 M CH3COOH.

(c) 50 mL of 0.05 M NaOH + 50 mL of 0.10 M CHsCOOH.

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

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

(f) 50 mL of 0.05 M NH4OH + 50 mL of 0.05 M CHsCOOH.

o=t fs1oll @& pH @1 70T BT | fam /1 8: CHsCOOH &1 Ka = 2 x 10-5 @21 NH4OH T Kp = 2 x 105
(a) 0.10 M NaOH T 50 mL + 0.10 M HCI &T 50 mL.

(b) 0.10 M NaOH @&T 50 mL + 0.05 M CHsCOOH &1 50 mL.

(c) 0.05 M NaOH @1 50 mL + 0.10 M CH3COOH @1 50 mL.

(d) 0.10 M NH4OH @7 50 mL + 0.05 M HCI &T 50 mL.
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lonic Equilibrium (Advanced)

(e) 0.10 M NH4OH @1 50 mL + 0.10 M HCI &1 50 mL.

(f) 0.05 M NH4OH @1 50 mL + 0.05 M CHsCOOH &1 50 mL.

Ans. (@7 (b)12.4, (c) 4.7, (d) 9.3, (e) 5.3, "7
Sol. €) H* + OH- —— H20
t=0 5 mmol 5 mmol
so pH of resulting solution = 7.
(b) CH3COOH + OH- —— CHs3COO- + H20
t=0 2.5 mmol 5 mmol
- 2.5 2.5 -
[OH] = EM =25%x102M
100
pOH = 3 —log(2.5) = 1.6
pH=12.4
(c) CH3COOH + OH- ——> CHs3COO- + H20
t=0 5 mmol 2.5 mmol
2.5 - 2.5
[CH,COO]
H=pKa+log-————==pKa=4.7
PR = PRt 108 ch.coomy ~ P°°
(d) NHsOH + H* ——> NHst  + H20
t=0 5 mmol 2.5 mmol
2.5 - 2.5
pOH = pKb + log INH, ] =
[NH,]
pH=9.3
(e) NHsOH + H* ——> NHst  + H20
t=0 5 mmol 5 mmol 0
0 0 5
pH = % [14 — 4.7 — log 0.05]
pH=5.3
) NHsOH + CH3COOH —> CH3COONHs + H20
t=0 2.5 mmol 2.5 mmol
- — 2.5
1 1
pH=7+ EpKa— Epr:?
Bal. €)) H* T OH- —— H20
t=0 5 feiHa 5 el
I YR fde s &1 pH = 7.
(b) CH3COOH + OH- —> CHsCOO- + H20
t=0 2.5 faeima 5 faeidra
- 2.5 2.5 -
[OH] = EM =25%x102M
100
pOH =3 -log(2.5) = 1.6
pH=124
(c) CHsCOOH + OH- —— CHs3COO- + H20
t=0 5 el 2.5 faeiH e
2.5 - 2.5
®
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lonic Equilibrium (Advanced) ﬂ_

pH = pKa + Iogm =pKa=4.7
[CH,COOH]
(d) NH4OH + H* —— NHs"  + H20
t=0 5 ficiHa 2.5 faeiH e
2.5 - 2.5
_ [NH,'] _
H= + =
pO pKs + log NA.]
pH=9.3
(e) NH4OH + H* —— NHs"  + H20
t=0 5 fAcia 5 fAeiH e 0
0 0 5

pH = % [14 — 4.7 — log 0.05]

pH=5.3
() NH4OH + CH3sCOOH ——> CH3COONHs + H-.0
t=0 2.5 faceiE|a 2.5 foreiaraT
- - 2.5

1 1
pH:7+ EpKa— Epr:?
B-2. 0.1 M CH3COOH solution is titrated against 0.05 M NaOH solution. Calculate pH at 1/4th and 3/4th

stages of neutralization of acid. Given : pH of 0.1 M CH3COOH solution is 3. [16JC110323]
0.1 M CHsCOOH fdefas ®1 0.05 M NaOH fae@s & AT &Rd © | 3Fd & 1/4 |R T 3/4 ®WR W

IERAFIHRY & pH B 0T HIVTT | &1 8 0.1 M CHsCOOH faeras & fag pH 3 2|
Ans. 4.52,5.48

Sol. pH of CH3COOH = % (pKa —log c)

= % (pKa —log 0.1) pKa =5
1/4

L stage of neutralisation : pH =5 + log——= 4.52
4 3/4

3 stage of neutralisation : pH =5 + log 3/—4= 5.48
4 1/4

ol CH3COOH &1 pH = % (pKa — log c)

3= % (pKa = |Og 01) pKa =5

SETAMIHRYT BT %?«T\’ :pH =5 +log ;‘)//—j{ =4.52

3/4
1/4
Section (C) : pH calculation : Titration of Salts, Polyprotic acid, Polyacidic base

@S (C) : pH UM : Faqul, SgMICPH IR, TZITTT &R BT IATATYA

SETAMIHRYT BT %W:szSHog =5.48

Commit to memory :
pH calculation : Titration of Polyprotic acid, Polyacidic base :
Carry out chemical reaction between the two components, apply mole concept, observe the final
composition of the mixture and then calculate pH accordingly (using different cases dealt in lonic
Equilibrium-1).
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lonic Equilibrium (Advanced) ﬂ_

In titration of HnX by strong base :
At half equivalence point w.r.t 15 neutralisation : pH = pK, ;

. . o PKa, +PKy,
At equivalence point w.r.t 1st neutralisation : pH = — 5
At half equivalence point w.r.t 2 neutralisation : pH = pK,_;

| | ) - PK,, +PK,,
At equivalence point w.r.t 2" neutralisation : pH = #;

At equivalence point w.r.t last neutralisation : pH = %(pKW +pKy, +logC) .

In titration of Polyacidic base B by strong acid :
At half equivalence point w.r.t 1% neutralisation : pOH = pK, ;
. . o _ PKy, +pKp,
At equivalence point w.r.t 1st neutralisation : pOH = —
At half equivalence point w.r.t 2" neutralisation : pOH = p Kb, ;
PKp, +PKp,

At equivalence point w.r.t 2" neutralisation : pH = o ;

At equivalence point w.r.t last neutralisation : pH = %(pKW —prn —logC).

AT YE ARG T
pH T : SEHIfCd 3, TgaTFeild &R Pl AFATI :
] gCHl & HeF ARNS A PR b fon Hid Rigid b1 S $xd g, P & sif<w e @
Y&l HRa B a1 91 H (e ard-l 4 A= aRRefoal BT Sud dRd 8Y) FREEgER pH @ oM
H B
U9l &R GRI HaX & SgATI # :
19 SQTAIIARYT & e H 31 Jedid! 955 WX @ pH = pK, ;

1stw@ﬁw$ﬁ3ﬁﬁ§maﬁﬁ§q-\r;w=%;
ZHdWWEEWﬁa@:Wa%ﬁgw:pH:pKaZ;
ZHdW@WUTE%WﬁW?ﬁﬁTgW:pH: w;

ARTH ISAFIBRY & e d Joaia! fdg R :pH=%(pKW+pKan+IogC).

Tdel 3 R 983l &R B & A ¥ :
1t SSRAIBRYT & e H 3@ Jodid! favg WX : pOH = pK,, ;

1stW@WW$WﬁQWﬁﬁ§W:pOH:M;

2
20d IERAHIART & gl # 3 Jouia! favg o) pOH = pK,, ;
PN Ca Ky, +pK
2nd IETAIERE & Hed # gediad! fag WR :pH = w;

<A ISR & wed # Jeuia fag uR :pH = %(pKW -pK, —logC).
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lonic Equilibrium (Advanced) ﬂ_

C-1. 50 mL of 0.05 M Propane-1,2-diamine solution is titrated with 0.1 M HCI solution at 25°C. Determine the
pH of solutions obtained by adding following volumes of HCI solution :
(a) 12.5 mL (b) 25 mL (c) 30 mL
Given : pKy and pKp, of weak base are 4.18 and 7.39 respectively.
25°C 4R 50 mL, 0.05 M HTU=-1,2-S18QHH fderad @1 0.1 M HCl & |1 3gaifid -4 & | HCl e &
1 Al @1 fiam & ura fdeami @ pH &1 e #ifig |
(a) 12.5 mL (b) 25 mL (c) 30 mL
f&ar & : gd1 &R @ pK,, TATpK, HAM 418 TA7.39 ¥ |

Ans. (a)9.82 (b) 8.215 (c)7.21
Sol. (a) Half neutralisation : pH = pK, =14-4.18=9.82

PKa, +PKa, _ 14-4.18+14-7.39
2 2

(b) pH = =8.215

(c) Buffer : pH = 14 — 7.39 + log [%) =721

El.  (a) 3@ STNIGRY : pH = pK, =14-4.18 =9.82

PKa, +PKa, _ 14-4.18+14-7.39
2 2

(b) pH = =8.215

(c) IR : pH = 14 — 7.39 + log [%} =7.21

C-2.  Determine the [H*] at half-equivalence point and pH at equivalence point during the titration of a 50 mL,
0.1 M NHa4Cl solution with 0.1 M NaOH solution at 25°C. Given : Kp of NHs = 2 x 10-5.
25°C 4R 50 mL, 0.1 M NH4Cl fad@@9 %1 0.1 M NaOH feaa & 11 AU B & QR g Jodid]
fag W= [H*] Ten geaia! g W= pH &1 RgiRer $IY | 331 8 - NHs &1 Kb = 2 x 10-5.

Ans. 5x1070M; 11

K : .
Sol. [H*] =K—W =5 x 10719 ; At half equivalence point.

b

[OH] = /2 x107° x 07'1 =103

pH=11 y Equivalence point.

gl [H+]=E—W=5x10—10:a@‘§m1aﬁfar—5;w
b

[OH] = /2 x107° x 07'1 =103

pH =11 ; g fag

PART -1l : ONLY ONE OPTION CORRECT TYPE

W - || : B9 U He! fddhed YBR (ONLY ONE OPTION CORRECT TYPE)

Section (A) : pH calculation : Buffer solutions generated from Polybasic acid /
Polyacidic base, Buffer capacity
@S (A) : pH U : JgERNT 37T / IgITI AR ¥ UK 9%} fAera, WY &

Commit to memory :
pH calculation : Buffer solutions generated from Polybasic acid (HnX) :

[HyX"] [Hy o X*7]

(1) HoX + HnaX™ 1 pH = pK, +log
: [H.X] [Hy4X7]

(i) HnaX™ + Hn2X?: pH = pK, + log
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lonic Equilibrium (Advanced) ﬂ_

o . X"
(i) HX(-D- + X=: pH = pK, +log————
n [Hx(n—1)—]
Buffer capacity : Moles of a strong acid or strong base required to change the pH of 1 L of a buffer by
one unit.
Let there be a buffer solution of volume 1 L with ‘b’ mole of anion (coming from salt) and ‘a’ mole of

weak acid.
dApH a+b a+b

Condition for maximum buffer capacity : [Acid] = [Anion of salt]

g @A ARG qe ¢
pH TV : FEERI 3 (HoX) ¥ Sq~ 9% a3
- = [H,_1X"] -- _ S [Ho 2 X%
(i) HoX + HhaX-: pH = pK, +log—"—"——= (i) HnaX™ + Hn2X? 1 pH = pK, +log ——=——
- [HaX] : [HysX7]
y - _ X"
(n-1) n = N A
(i) HX +X™ 1 pH =pK, +log [HX("‘”‘]

WY &A1 : U SHIS A 1 L 963 faed @t pH &1 uRaftia =71 @ forw uaa et a1 U9t &R @ #iedl a1
ATITIHAT B B |
AT F81 RO (Aa0T | A dTet) & 'b' Al TA Gaicl 3Fel & 'a’ Al o 1 L 3T b1 U IR fIerad
2l
- d_xzz_gogw ~ 230322
a+b a+b

BT B &HAT b foTU o0t : [FA] = [AdYT BT FE O]

A-1.

Sol.

A-2.

Sol.

Sol.

The pH of a solution resulting from the addition of 12.5 ml of 0.1 M HCI to 50 ml of a solution containing
0.15 M CH3COOH & 0.2 M CH3sCOONa will be : (Given : pKa of CHsCOOH= 4.74)
0.1 MHCI & 125 mL @I 0.15 M CHsCOOH d 0.2 M CHsCOONa Y&+ drel fade@s & 50 mL % e

UR YT 8 drel f[aad &1 pH 811 ¢ (&A1 & : CHsCOOH &1 pKa = 4.74)

(A*) 4.74 (B) <4.74 (C)>4.74 (D) >9.26
CH3COONa + HCI ——— CH3COOH + NaCl

t=0 10 1.25 7.5 -

t=eq 8.75 0] 8.75 -

pH = pKa =4.74

What % of the carbon in the H2CO3z — HCO3~ buffer should be in the form of HCO3s~, so as to have a
neutral solution ? (K, of H2COs=4 x 10~7)

(A) 20 % (B) 40 % (C) 60 % (D*) 80%

H2COz — HCO3~ & %} H SardH faeiaa urd &= & o foed=n ufdwrd &, HCOs & w9 § SuRerd
& ? (HCOsT K, =4 x107)

(A) 20 % (B) 40 % (C) 60 % (D*) 80%

pH = pKa + log HCOo,1 = 7=7-log4+log 1HCO,] = IHCO,] _
[H,CO,] [H,CO;] [H,CO;]

% of Carbon in the form of HCO3 = FHCO;] x 100 = 4 x 100 = 80%

[HCO;] +H,CO,] 1+4

pH = pKa + log [HCO,] = 7=7-log 4+ log [HCO,] = [HCO,] _ 4
[H,CO,] [H,CO;] [H,CO;]
: [HCO;] 4

HCOsz & %U # SURYd &1+ &1 gfaerd = x 100 = x 100 = 80%

[HCO,] +H,CO,] 1+4

/\
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lonic Equilibrium (Advanced) ﬂ_

A-3.=. Buffer capacity of a buffer solution is x. The volume of 1 M NaOH solution added to 100 mL of this
solution if change the pH by 1 is :
TP qOx fIeds & 9% &\dl x 8| 9@ pH H SH1S A URads &=+ & fov s9 fde@s & 100 mL &
1 M NaOH &1 faa= smaast e e ?
(A) 0.1 xmL (B) 10 x mL (C*) 100 x mL (D) x mL

Sol. 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 =0.1x It =100 x ml.

. 1 ofiex faea & forv 3masgsd NaOH & Al = x
100 el faea= & oy amaeasd NaOH & dil = 0.1 x
37, 01x=1xV = V =0.1x It =100 x ml.

Section (B) : pH calculation : Monobasic acid - Monoacidic base Titrations

GUg (B) : pH VM : ThelaINIg Ii—Yheidieild &R AT

Commit to memory :
pH calculation : Monobasic acid - Monoacidic base Titrations :
Carry out chemical reaction between the two components, apply mole concept, observe the final
composition of the mixture and then calculate pH accordingly (using different cases dealt in lonic
Equilibrium-I).
In titration of WA by SB :
X

100 - x

At half equivalence point : pH = pKa ; pHx % neutratisation = pKa +
In titration of WB and SA :
At half equivalence point : pOH = pKb ; pPOHx % neutralisation = PKb +

100 —x

g Y@ ARG T ¢
pH IO : ThIETRIA 37 - Uh Tl &R AFAIT :
] UCHl B HeA RIS AWHAT BRI B ol Al G P AN SR &, WS & (f<H acd 3
Y&l HRd B a1 91§ (mafie |-l § I kRl &1 St eRd gY) FEEgER pH @ o
P & | SB ERT WA & 31FHIUA ¥ :

G JoATH 95 IR : pH = pKa ; pHx 9% sertrtawer = pKa + 10(;( <
WB T2 SA & AU 4
G JoITd 95 IR : pOH = pKb ; pOHx % seriiace = pKb + 100 %

B-1.  Upon titrating 50 mL of 1.96% (w/v) H2SO4 with a KOH solution (containing 11.2 g KOH per litre of
solution), on adding 50 mL KOH solution :
(A) Equivalence point has been just reached. (B) Equivalence point has been crossed.
(C*) pH of resulting solution =1 (D) pH of resulting solution = 7
KOH fda@9 (11.2 91 KOH ufd <fier faes gaw) @ &1 50 mL, 1.96% (wiv) H2SO4S% AT &

ERM™ 50 mL KOH faeraq faem o= -

(A) il fawg 99 urat & g B | (B) Jeaia! fawg i & o 7 |
(C*) gRuHT fae s &1 pH = 1 (D) uRom et &1 pH = 7
Sol.  [H2SO4] = 196 _ 02M and KOH = 12 02M
98 56
So, for equivalence point, % =100 mL of KOH solution should be added.
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lonic Equilibrium (Advanced) ﬂ_

B-2.»

Sol.

B-3.

B-4.

Sol.

[HY = 02x2-02_,.m So, pH = 1.
H:504 = 28 - 02 M g KOH= 12_0om
98 56

I, geard g & forg, % =100 mL, KOH faera= fiyeran s =anmfey |

[H*] = %2_0'2:0.1M 37, pH = 1.

100 mL of 0.02 M benzoic acid (pKa = 4.2) is titrated using 0.02 M NaOH. pH after 50 mL and
100 mL of NaOH have been added are :
0.02 M S=ifs® 37 (pKa = 4.2) & 100 mL & S99 & oIy 0.02 M NaOH &1 &M ¥ foram Simam 2 |

NaOH @ 50 mL d1 100 mL a1 & gzgard pH 1 € -

(A)2.1,8.1 (B)4.2,7 (CY4.2,8.1 (D) 4.2, 8.25
CsHsCOOH + OH- —— CeHsCOO- + H20

t=0 2 1

teg 1 - il
pH = pKa = 4.2
CsHsCOOH + OH~ CeHsCOO~ + H20

t=0 2 2

teq - - 2

[CsHsCOO] = —2— = 0.01 M
200

pH:7+pKa+%IogC:7+47'2 +%Iog(0.01):8.1

In the above question, upon 75% neutralisation of Benzoic acid, select the INCORRECT statement :
(A) Resulting solution will be a buffer solution. (B) pH =4.2 +log 3

(C) Both (A) & (B) (D*) None of these

SRIFT U H, 118D 3 & 75% SERIFIGIY R Teld HUF BT aIq DIY :
(A) IR fae s %R faer= 2 | (B) pH=4.2 + log 3

(C) < (A) @2 (B) (D*) 574 & BIg &I

Which of the following solutions have different pH ?

(i) 100 mL of 0.2 M HCI + 100 mL of 0.4 M NHs

(i) 50 mL of 0.2 M HCI + 50 mL of 0.2 M NHs

(iii) 200 mL of 0.3 M HCI + 100 mL of 0.6 M NHzs

(A)i &ii (B) ii & iii (C)i &iii (D*) All will have same pH.
o faerasl & |9 &9 1 pH¥Ed & ?

(i) 0.2 M HCI T 100 mL + 0.4 M NHz &1 100 mL

(i)) 0.1 M HCI &I 50 mL + 0.2 M NH3 &T 50 mL

(iii) 0.3 M HCIl 71100 mL + 0.6 M NHs &1 100 mL

(A) i T (B) ii qAT i (C) i Tt iii (D*) 9 &1 pH A B |
(@) NH4sOH + HCI —— NH4Cl + H20

0.2M 0.1 0 0

0.1 0 0.1 0.1

pOH = pKp
(b) NH4sOH + HCI —— NH4Cl + H20

0.1 0.05 0 0

0.05 0 0.05

0.05
OH = pKs +log| 222 =pK
P pre 09[0.05) pre
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lonic Equilibrium (Advanced) ﬂ_

B-5.

Sol.

Bal.

(©) NH4OH + HCl ——— NH4Cl + H20

0.3 0.15

0.15 0 0.15

pOH = pKp So all solution have same pH
(a) NHsOH + HCI ——— NH4Cl + H20

0.2M 0.1 0 0

0.1 0 0.1 0.1

pOH = pKbo
(b) NH4sOH + HCI ——— NH4Cl + H20

0.1 0.05 0 0

0.05 0 0.05

0.05

pOH pKb + log (0.05) pKb
(c) NH4sOH + HCI ——— NH4CIl + H20

0.3 0.15

0.15 0 0.15

POH = pKp gafery 9 i@ @1 pH 9\ 2l &

Upon titrating a solution of weak monoprotic acid with a weak monoacidic base solution, at equivalence
point :

(A) pH in general would increase if both solutions are first diluted to 10 times the original volume & then
titration is carried out.

(B) pH in general would decrease if both solutions are first diluted to 10 times the original volume &
then titration is carried out.

(C) pH in general would remain same (= 7) if both solutions are first diluted to 10 times the original
volume & then titration is carried out.

(D*) pH in general could be less than, greater than or equal to 7 if both solutions are first diluted to 10
times the original volume & then titration is carried out.

JATD! 95 IR gdel Tl (T &R & Yo (Ao @ AIY ool Yol Hilcd Fl & [Aadd & ITHIIA
g9

(A) IEIG: pH de Al M1 fadasi 1 Faued aRdfad fdead | 10 A1 99 d3d © a1 95 ¥
AT DR & |

(B) 9MTId: pH "W AT SFI @Al B qaueH daRdid® fdei@s | 10 A1 dF dd © a1 918 H
STHTI B & |

(C) ITHIG: pH |9H (= 7) = Afe I [9eiasi Bl §a92d aRdide fderae | 10 A1 a9 dd & a2
% H AFATT FRA B |

(D*) ATTIC: pH 7 | $H, 310 3fal aR1eR BN Al M1 fAerasi &1 99 arafdd fdea= | 10 A1
TJ BRI & TAT 9q1€ H IFAUT B B |

Salt of WA-WB formed at equivalence point has pH independent of concentration and depends on pKa
and pKp of WA and WB respectively.

gl fag R FAffd WA-WB &1 d@ur |l &1 W@asl pH Il 8 7 WA do1 WB & ST pKa Jo1

pKp TR iR dvar 2 |

Section (C) : pH calculation : Titration of Salts, Polyprotic acid, Polyacidic base

@ug (C) : pH UM : U], SEAIfCd I, TEITIT &R BT IAFATIA

Commit to memory :

pH calculation : Titration of Polyprotic acid, Polyacidic base :

Carry out chemical reaction between the two components, apply mole concept, observe the final
composition of the mixture and then calculate pH accordingly (using different cases dealt in lonic
Equilibrium-1).

In titration of HnX by strong base :

/\
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lonic Equilibrium (Advanced) ﬂ_

At half equivalence point w.r.t 1% neutralisation : pH = pKj_ ;

, , o PKa, +PKy,
At equivalence point w.r.t 1st neutralisation : pH = — 5
At half equivalence point w.r.t 2 neutralisation : pH = PKa, s

. . g C PKa, +PK,,
At equivalence point w.r.t 2" neutralisation : pH = — 5

At equivalence point w.r.t last neutralisation : pH = %(pKW +pK,, +10gC) .

In titration of Polyacidic base B by strong acid:
At half equivalence point w.r.t 1% neutralisation : pOH = pK, ;

. . N PKy, +PKp,
At equivalence point w.r.t 15t neutralisation : pOH = — 5 ;
At half equivalence point w.r.t 2" neutralisation : pOH = p Kb, ;

. . L PKp, +PKp,
At equivalence point w.r.t 2" neutralisation : pH = . ;

At equivalence point w.r.t last neutralisation : pH = %(pKW —pKp, —logC).

IS TG AT T
pH TV : 9gHIfCd o7, dgaTeild &R BT A :
3 gCHl & HeF RS AMBA $xA @ fou did Rigid b1 g aRd 8, Bs0 & sif~w ued @
Y&l HRd B a1 91§ (@mafe ara-l | o= aRRefoal &1 Suam eRd gg) FEErgER pH @ o
B © |
U9l &R GRI HaX & SIFATI 4 :
1t SSRAIBRYT & G H 31 Jodid! favg WX : pH = pK, ;

1st3m?ﬁ:ﬁw$ﬁ3ﬁﬁ§wfaﬁﬁ§q-\r;w=%;
21 SERIFERY & WeH H ofg gedid! [ w1 pH = pK, ;
2ndw@ﬁw$WﬁﬁWﬁﬁ§m;pH=%;

AT ITRIIBRU & HeH § Gl fag W :pH=%(pKW+pKan+IogC).

Tdel 37 R 983l &R B & A ¥ :
19 SSTATIARYT & e # 3fg Joaid! fa=g WX : pOH = pK,, ;

15t SETAIHIRYl & ded H gedie! fawg uR : pOH = PRo, PR, ;

2
2nd SERAFIARY & e # o goaid! fa=g W : pOH = pK,, ;
. . . Kp, +pK
Z”dW@W$Wﬁ§WHﬁﬁ§W:pH:—p b32p 2

<A ISR & wed # Jeuia fdg uR :pH = %(pKW -pK, —logC).

C-1.  The total number of different kind of buffers obtained during the titration of Ha3PO4 with NaOH are :
NaOH @& 12 HsPOs & JIJATIH & SR ... THR & IH W BN & |
(A%) 3 (B)1 ©)2 (D) Zero ()

Sol. NaH2PO4 + H3PO4; NaH2PO4 + Na2HPO4; NazHPO4 + NazPOs .
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lonic Equilibrium (Advanced) ﬂ_

C-2

Sol.

C-3.

Sol.

Bl Exercise-2 |

Upon titration a solution of Ethylene diamine (Kb1 =8x107°; Kb, :2.7><10ﬂg) with HCI solution, pH

value of solution at It equivalence point depends upon :
(A) Initial concentration of weak base solution  (B) Initial concentration of strong acid solution
(C) Both (A) & (B) (D*) None of these

HCI faeae & &1l gerrseli= SIsud (Kb1 =8x107°; K,, =2.7><10‘8)?B e & U & SRE ¥oH

Joaia! faeg R fdeas & pH &1 719 91 iR 1R &= @

(A) 9 &R e &1 IR™S | (B) U9 31 faarae @ URf™S® |rvsar
(C) ST (A) T2 (B) (D*) s & B1g -TE

An ampholyte will be formed (C2Nz2Hg*CI-).

Udh ThTarse (ampholyte) (C2N2Ho*ClF) ST |

What will be the pH at the equivalence point during the titration of a 100 mL 0.2 M solution of
CH3COONa with 0.2 M solution of HCI ? Ka = 2 x 10-5.
HCI® 0.2 M fderdd & 121 CHsCOONa & 0.2 M dTel 100 mL fIeis & 31U & SR s g W

pH @1 B ? (Ka = 2 x 1075)

(A*) 3 —log 2 (B) 3 + log 2 (C)3—log 2 (D) 3 + log 2
CHsCOONa  + HCI —— NaCl + CHsCOOH
t=0 20 m eq. 20 meq.
teq. - = 20 meq.
20
[CH3COOH]= —=0.1 M
200
1 1 1
pH = E[pKa—IogC] =§[5—Iogz+1] = E[G—IogZ] =3—IogJ§
CH3COONa o HCI —— NaCl + CH3COOH
t=0 20 A=l g 20 el g
teq. - - 20 el geaisd

[CHsCOOH] = i 0.1M
200

N |-

pH=%[pKa—IogC] =%[5—Iogz+1] [6—log2] =3-log+2

r“. Marked Questions may have for Revision Questions.

. fafed 9o SEvm I g 2

PART -1: SINGLE AND DOUBLE VALUE INTEGER TYPE

AT - | . UPhdl 4 fg—qulis A UPHR (SINGLE AND DOUBLE VALUE INTEGER TYPE)

1=

Ans.

Sol.

15 mL sample of 0.15 M NHs(aq) is titrated against 0.1M HCl(aqg). What is the pH at the end point ? Kb
of NHz(aqg) = 1.8 x 10-5. Report the answer rounding it off to the nearest whole number.

0.15 M NH3(STeirr) @ 15 mL ureel &1 0.1 M HCI(STeira) & el SrgArfua far simar 2 | aif<e fasg o) pH
T 2 ? NH3(STelR) &1 Kp = 1.8 x 1075, 3107 IR &I idhedq Yories & w9 H § |
5 (exact answer I} IR = 5.24)

NHsOH + HCI ——— NH4CIl + H20

Milimole 2.25 2.25 0
at end point 0 0 2.25

. 2.25
Milimole = N1 x Vucr = 2.25 VhHel = W =225

/\
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lonic Equilibrium (Advanced) ﬂ_

[NHaCI] = [%} =0.06M and pKp=5-log1.8=4.74

1 1 4.74 1
H=7—- =-pKp — =logC=7—- — — =1log 0.06 =5.24
P P = 5 2 29
gl NH4sOH + HCI ——— NH4CIl + H20
it fa=g 2.25 2.25 0
TR e 0 0 2.25
el e = N1 X Ve = 2.25 VHel = % =225
2.25
[NH4CI] = {ﬁ} =0.06M qa pKo=5-log 1.8=4.74
1 1 4.74 1
H=7- =pKp — =logC=7- —— — —1log 0.06 =5.24
P p P =578 2 29
2.n A 0.252 g sample of unknown organic base is dissolved in water and titrated with a 0.14 M HCI solution.
After the addition of 20 mL of acid, a pH of 10.7 is recorded. The equivalence point is reached when a
total of 40 mL of HCl is added. If the base and acid combine in a 1 : 1 molar ratio, then 'a’' g is the
molar mass of the organic base and 'b' is the ionisation constant of base. Report your answer as
a
1000b J°
T 3T Hrafd &R P 0.252 T Ulesl HI Sidd H diedl Sl & a1 0.14 M HCI e & |re srgaifid
foar ST § 1 20 mL 3 & el & ueEnq faerdd @1 pH 10.7 AT ™41 | 519 HCl & $al 40 mL ey
T €, 99 JeAid a5 UIKd B © | 37 9T &R 1 : 1 HIeR Agud d |A 81 8, A1 P &R B
AR S09E 'a’ UM 8 amwmm%ﬁ'b'%lmw(ﬁ}a%wﬁéﬁm
Ans. 90(a=45&b=5x10"4)
Sol. At eq. point
No. of milieg. of Base = No. of milieg. of HCI
0.252x1000 014 x 40
Molarmass
.. Molar mass of base = 45
g ool fig W
&R & fHell ol o §&1 = HCl & Al o
0.252x1000 _ 0.14 x 40
AR A
. &R BT AR G = 45
PART - Il : ONE OR MORE THAN ONE OPTIONS CORRECT TYPE
AT -1l U 1 U ¥ s 68 e mar
1. Aniline behaves as a weak base. When 0.1 M, 50 mL solution sample of aniline was mixed with 0.2 M,

12.5 mL solution of HCI, the pH of resulting solution was 8. Then :

(A*) pH of 0.01 M solution of anilinium chloride is 5.

(B) pH of original solution of aniline is 3.5.

(C*) Upon adding the same aniline sample to the above mixture, pH of resulting solution becomes 8.48.
(D*) Upon adding the same HCI sample to the above mixture, pH of resulting solution becomes 4.59.
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lonic Equilibrium (Advanced) ﬂ_

THIelF b gaol &R & HAM Y8R PRl 8 | 919 el & 0.1 M, 50 mL fadera= grest &1 0.2 M, 12.5
mL HCI fderaa & |1 fAf3a a=ad €, a9 aRomf fade=s &1 pH 8 U<l gaim | 31T,

(A*) Tferem FlRIge @ 0.01 M fae@s &1 pH 5 & |

(B) Tel™ & ar<ifd® faeas w1 pH 3.5% |

(C*) SWRIa fAsror § A Ueitel et &1 e o) aRomdt faeras &1 pH 8.48 &1 Wit B |

(D*) SURIET fAstor § 9 HCI wieet &1 ™ wR gRomd faeras &1 pH 4.59 &1 el & |

Sol. CesHsNH:2 + HY —— CsHsNH3*
t=0 5 2.5
teq 25 - 25
POH=pKa=14-8=6
N pKa =6
Now for the solution of [CeHsNH3*] (318 [CeHsNHs*] & faeras & fofg) = 0.01 M
1 1 6 1
H=7- =pKa— =logC=7- — — =log (0.01) =5
p 5 PRa 5 g 575 g ( )
2. Which of the following mixtures will act as buffer ?
(A*) H2COs + NaOH (1.5 : 1 molar ratio) (B*) H2COs + NaOH (1.5 : 2 molar ratio)
(C*) NH4OH + HCI (5 : 4 molar ratio) (D) NH4OH + HCI (4 : 5 molar ratio)
/1§ HI(E) 301 I & G IR USRI B/ IR ?
(A*) H2COs + NaOH (1.5 : 1 ATelR 3TUTd) (B*) H2COs + NaOH (1.5 : 2 AelR 3uTd)
(C*) NH4OH + HCI (5 : 4 HIeR 37uTd) (D) NH4OH + HCI (4 : 5 9IeiR 379uTd)
Sol. (A) HCOs + OH- —— HCO3 + H20
moles 1.5 1
0.5 - 1

so it is a buffer solution.
(B) H,CO3 + OH- —— HCOs + H20

moles 1.5 2

- 0.5 1.5

HCOs + OH —— CO3% + H20
moles 1.5 0.5

- - 0.5
so it is a buffer solution.
© NHsOH + H* —— NHs" + H20
moles 5 4

1 - 4
so it is a buffer solution.
Bal. (A) H.COz + OH- —— HCOs + H20

LI 1.5 1

0.5 - 1
Ira: I8 faoas Imx

(B) H2COs + OH- —— HCOs + H20

Ad 1.5 2

- 0.5 15

HCOs + OH —— CO3% + H20
Ad 15 0.5

- — 0.5
I I faera Iwr 2|
(C)  NH«OH + H* —— NHa* + Ho0
Al 5 4

1 - 4
I I faera Iwr 2
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3=

Sol.
Sol.

Titration curves for 0.1M solutions of three weak acids HA1, HA2 and HAs with ionization constants Ki,
K2 and Kz respectively with a strong base are plotted as shown in the figure. Which of the following
options is/are true ?

Tad SR B QY AT RIS Ki, Ko T Ks & A1 9 gaal 3 %A% HAz, HA2 @ HAs & 0.1 M

faerae & forg orge o, R # REm sgaR smRad Ry ™ & fre § & SR) Reca v 2/8

124 12 -
107 10
pH 81 pH 8
6 i
K, 6 K,
4- K, 4- K,
K,
2 2 K1
Volume of strong base added Uaol &R bl Fem™ar ™1 mad—
(A) K2 = (K1 + Kg)/2 (B*) pK1< pKs (C*) K1 > Kz (D*) K2 > K3

Higher the Ka of acid lower is the pH of acid for same concentration.

A Arwal & Y, fB 3/ BT Ka R @1ffid 81 pH Sat & &9 Bl |

PART - Ill : COMPREHENSION

AT - 1lll : ] (COMPREHENSION)

Read the following passage carefully and answer the questions.

fr=1 srgeT @) erFgEe iy den ueEl & SIR g

Comprehension # 1

The pH of basic buffer mixtures is given by : pH = pKa + log [Fsa;E], whereas pH of acidic buffer
. o ] _ [Salt] " . .
mixtures is given by : pH = pKa + log [Acid] Addition of little acid or base although shows no

[Base] for [Salt]

appreciable change in pH for all practical purposes, but since the ratio 2
PP Yy e E [Sal] O [Acid]

changes, a

slight decrease or increase in pH results.

ITWE # 1

&R qwR s &1 pH 9 g3 9 e oman © pH=pKa+|Og%,H%WWﬁWWpH
=1 gz 9 e wiran 2 pH:pKa+Iog@|mwﬁwmwﬁﬁaﬁwmﬁzﬁ@wﬁ

[ar=<]
pHﬁiﬁ—s‘ﬂTﬁEEQﬁaﬁ:[:@fﬁEﬁéﬂT%,W%H%Eﬁﬁwﬁqﬁﬂﬁﬁﬁﬁ@pHiﬁ
o # ered w1 a1 gfyg B B

/\
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lonic Equilibrium (Advanced) ﬂ_

1. A solution containing 0.2 mole of dichloroacetic acid (Ka = 5 x 102 and 0.1 mole sodium
dichloroacetate in one litre solution has [H*] :
U% ol fdeas 9 0.2 Ald SRF@RgHIed 3Fd  (Ka = 5 x 1072) 921 0.1 Al Aifead SRFaRIgHIce
SuRerd 2| faes # [HY] © :
(A*) 0.05 M (B) 0.025 M (C)0.10 M (D) 0.005 M

Sol.  Since CHCI.COOH is relatively strongs acid havings more Ka .
CHCI2.COONa ——> CHCI2COO~ + Na*

0.1 0.1
CHCI2.COOH = CHCLCOO- + H*
0.2 0 0
(0.2—x) (x+0.1) X
K. = [CHCI,COO] [H'] or 5 x 102 = [0.1+ X] [x].
[CHCI,COOH] [0.2—-X]
X = 0.05.

g 9f% CHCL.COOH 3Muffis ©U | Udel 37l & aoM Sfely Ka 1% Brar 2
CHCI2.COONa —— CHCICOO~ + Na*

0.1 0.1
CHCI2.COOH =—CHCI.COO~ + H*
0.2 0 0
(0.2—x) (x+0.1) X
Ka = [CHCI,COO™] [H'] - 5x 102 = [0.2+X] [x].
[CHCI,COOH] [0.2—x]
x = 0.05.

2 The volume of 0.2 M NaOH needed to prepare a buffer of pH 4.74 with 50 mL of 0.2 M acetic acid is :
(pKs of CH3COO™ = 9.26)

0.2 M THICH 3Fd & 50 mL & |12 0.2 M NaOH I ... 3 AR AR B SR, f6 99 g¢
faeras &1 pH 4.74 81 W : (CH3COO- &1 pKb = 9.26)
(A) 50 mL (B*) 25 mL (C) 20 mL (D) 10 mL

Sol. Let V mL of NaOH be needed to give CHsCOONa.
NaOH + CHsCOOH —— CH3COONa + H20

0.2xV  50%0.2 0 0
_ [10-0.2V] 0.2V 0.2V
[Salt] [Salt] [Salt]
H = pKa + lo = pKw — pKo + I0 =14-9.26+1o
PR = PRt 100 T = P P 09 G 9 Acid]
{ 0.2V }
- 14-9.26 + log =20+ V)
10-0.2V
50+V
474=474+l0g| 22V _ v=20_o5mL
10-0.2V 0.4

Bal. AT NaOH 6T VmL CH3COONa & 24 & foTu amasas 2 |
NaOH + CH3COOH ——» CHsCOONa + H20

0.2xV 50%0.2 0 0
— [10-0.2V] 0.2v 0.2v
pH = pKa + log [EW] = pKw — pKb + log [W] =14-9.26 + Iog@
[3r<T] [3r7T] [3r7T]
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lonic Equilibrium (Advanced) ﬂ_

[0.2v}
= 14-9.26 + log =20+

10-0.2V
50+V
474=474+l0g| 22V _ v=20 _o5mL
10-0.2V 0.4
3. The ratio of pH of solution (I) containing 1 mole of CHzCOONa and 1 mole of HCI and solution (II)

containing 1 mole of CH3COONa and 1 mole of acetic acid in one litre is :

faerad (1) =T CH3COONa @I HCI 9% &1 1 Al dom  faed (1) § CHsCOONa &1 1 At qe
TS ol H1 1 A1, U eire} ¥ SuRerd 2| 39 faesi & pH &1 31U 2

(A% 1:2 B)2:1 (©)1:3 (D) 3:1
Sol. CHsCOONa + HCI —» CHsCOOH + NaCl

1 1 0 0

0 0 1 1

[CH3COOH] = %:

[H*] :cg:c\/Kga: JK.C= K,

or (A1) pHi=- % logKa = % pKa.

CHsCOOH + CHsCOONa
1 1

pH = pKa +Iog%.

pH2 = pKa .
pH, _ 1
pH, 2

Comprehension # 2

ITWT #2

Phosphoric acid ionizes according to the following equations :

BIBIRE e 1 FHiaxvll & IFER afa Bl ® :

H3POs(aq) <=— H* (aq) + H2PO4~ (aq) ; Ki=7x 102
H:POs(aq) =— H* (aq) + HPO42 (aq) ; Ko=6x 1078
HPOs*(aq) =— H*(aq) + PO+ (aq) ; Ks=4.5x 1013
4, If you are asked to prepare a buffer with a pH = 7.00, what may be the molar ratio of the species that

should be used in the solution ?
IS 3T ¥ el S 6 pH = 7.00 F1 IR e 99183, T9 39 WRIS $1 AR AU 31 81 Al g,
S faea | ggad s A1fey ?

(A*) 0.6 (B) 0.8 (C)2 (D) 4
[HPO,” ] _
l. = | L —4 1
So pH =pK,, +log H.PO, ] 7
= | w =-0.22 w =0.6
[HPO, ] [H,PO, "]
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5. Assume 50 mL of the buffer prepared in the previous part is available in which more abundant species
has a concentration of 0.1 M. If to this solution, 20 mL 0.1 M NaOH is added further, what will be the
new pH ?

(A) 6.56 (B*) 7.44 (C)7.78 (D) Same as before as it's a buffer
AT 6 gaadi 9rT § 99 99 I &1 50 mL Sudd 7, e $ afde agen wiRfier &1 awan 0.1
M2 | 3fg 39 @™ | 0.1 M NaOH &1 20 mL faera= fiern <, 99 fae@= &1 /a1 pH @ g 2

(A) 6.56 (B*) 7.44 (C) 7.78 (D) g & FAM Jifd T8 Th %R T |

Sol. A buffer solution show best buffering action when the pH of solution is near to Ka of acid component of
buffer solution
There for the above buffer can be best prepared by taking H2PO4~ and HPO4?~.

In 50 ml buffer solution

[H2PO4] = 0.1 M =5 milimole, [HPO42] = 0.06 = 3 milimole
milimole of NaOH added =20 x 0.01 =2

HPOs~ + OH- —— HPOs& + H20

5 2 3 0

3 0 5 0

pH = pKaz + log (2) =7.44.

Bd O fIogd @ pH IR & IIY A9 b Ka S AU Bl & dl gBR [dodd §Id (ST IBR Ul
yefR¥fa &xar 21
STy H2PO4~ IR HPO42- &1 ol SUYdd H a9 78T 9] 911 ST HHdl & |
50 fAell offex W faem= &
[H2PO4] = 0.1 M = 5 fiefire, [HPO42] = 0.06 = 3 ficiiHra
e T NaOH & il = 20 x 0.01 =2
HPOs~ + OH — HPOs#& + H20

5 2 3 0
3 0 5 0

pH = pKaz + log [g) =7.44.

* Marked questions may have more than one correct option.

 fyfegd UeHl @ U@ ¥ e Hel fAdey 8 9 & |

\
J

PART - 1: JEE (ADVANCED) / IIT-JEE PROBLEMS (PREVIOUS YEARS)

AT - | : JEE (ADVANCED) / IT-JEE (fU5e a8f) & ue=

1. 500 ml of 0.2 M aqueous solution of acetic acid is mixed with 500 mL of 0.2 M HClI at 25°C.
(a) Calculate the degree of dissociation of acetic acid in the resulting solution and pH of the solution.
(b) If 6 g of NaOH is added to the above solution, determine final pH. Assume there is no change in
volume on mixing. Ka of acetic acid is 1.75 x 10-5. [JEE-2002, 5/60]
25°C W} YRiafe® oFel & 0.2 M Sieiig faere @ 500 ml &1 0.2 M HCl & 500 mL & @1 feman Siram 2 |
(a) IR faeras # vRIfed s/ @ faarea @ A den faead &1 pH uRafera ST |
(b) T SWIFd faca & WF NaOH & 6 I Ay & &, @ &ifi® pH §1d #IRT | I8 A9 b
faftra ox= W I # B3 gRads T BT ® | vRifed 3 BT Ka = 1.75 x 10-5. [JEE-2002, 5/60]
Ans. (a)0.0175%, 1 (b) 4.757
Sol. (a) CHsCOOH == CHsCOO- + H*
conc. 0.1 (1-w) 0.1a 0.1+ 0.1a)
approximations
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Ans.
Sol.

Let 1-a =1
and 1l1l+o =1
K = [CH,CO0™] [H7]
2 [CH,COOH]
[CH,COO™]x0.1

or 1.75x 105 =
0.1
or [CH3COO]=1.75 x 105, : or Ca=1.75%x10"°,
or 0.1 a=1.75x 10°5. ; or oa=175x10"*.
or o =0.0175%.
or pH = —log[H*] = — log(0.1). ; or pH=1.
(b) HCl + NaOH —— NacCl + H20.
m mole before reaction 100 150
m mole after reaction 0 50 100
CHsCOOH + NaOH —— CH3COONa + H20
m molebefore reaction 100 50
m mole after reaction 50 0 50 (buffer sol.)
pH = pKa + log = — Iogm (1.75 x 10-°) = 4.757 Ans.
[CH,COOH]
€) CHsCOOH =—— CHs3COO- + H*
dArsal 0.1 (1—o) 0.1a (0.1 +0.1e)
AMIG 1-a ~1

qAT 1+a =1
[CH,COO ] [H']
®~  [CH,COOH]
[CH,CO0]x0.1

a1 1.75 x 105 =
0.1
a1 [CHsCOO] =1.75 x 105, ; a1 Ca=1.75%x1075.
a1 0.1 a=1.75x 105, ; a1 a=1.75x%x104.
a1 o = 0.0175%.
a1 pH = — log[H*] = — log(0.1). ; a1 pH=1.
(b) HCI + NaOH —— NaCl + H0.
fAfshan & ugel fAel Al 100 150
sfafhn @ qig s Al 0 50 100
CH3COOH + NaOH —— CH3COONa + H20
faforar & ugel el \ia 100 50
affar & qrg faeh Aia 50 0 50 (FFR faeram)
pH = pKa + log [CH,CO0] =—log (1.75 x 107°%) = 4.757 Ans.
[CH,COOH]

0.1 M NaOH is titrated with 0.1 M HA till the end point. Ka for HA is 5.6 x 10~ and degree of hydrolysis
is less compared to 1. Calculate pH of the resulting solution at the end point. [JEE-2004, 2/60]
0.1 M NaOH &1 0.1 M HA & W1 sifsad fawg aa orgAnfua fosan irar 81 HA @ g Ka = 5.6 x 106 &

Jorn faarem & @ife 19 &9 8| aifsa g R aRomd faera &1 pH uRafera #IRIg I[JEE-2004, 2/60]
8.98~9
HA + OH —— A + H20
0.1V 0.1V m. moles
- - 0.1V

/\
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Sol.

Sol.

Sol.

01 VvV _ 0.1
[A] = =—M,
2V 2
pH=7+ 1 (pPKa+logc) =7 + 1 (6 —log 5.6) + lIog 0.1 =8.98~9
2 2 2 2
0.1 mole of CHaNHz (Ky = 5 x 10-%) is mixed with 0.08 mole of HCI and diluted to one litre. What will be
the H* concentration in the solution ? [JEE-2005, 3/84]
CHsNH2 (Kb = 5 x 104) @& 0.1 mole & HCI & 0.08 mole & W1 fAf3@ fasan w1 denn 1 ofier d& g
far T | faerms | H &) Arsan & g ? [JEE-2005, 3/84]
(A) 8 x 102 M (B*) 8 x 10-11 M (C)1.6x 1011 M (D)8 x 105 M
CHsNH2 + HCI —— CHs NH; + CI-
Initial moles 0.1 0.08
moles after reaction 0.02 0 0.08 mole (in 1 L solution) = buffer
_ [OH7] [CH;NH;]
[CH,NH,]
or, 5x 10 = [OH 1x0.08 or, [OH] = 5y 10+,
0.02 4
~14
[H+] = KW_ or, [H+] :M: 8 x10-11 M.
[OH] 5x10
CHsNHz2 + HCI —— CH3NH§ + CI-
URM™E Hiel 0.1 0.08
AT & 918 Ad 0.02 0 0.08 mole (1L faere #) = qw%
_ [OHT] [CH;NH;]
[CH,NH, ]
T, 5 x 104 = [OH1x0.08 T, [OH] = 2104,
0.02 4
-14
[H+] = Kw_ T, [H+] = ]'O—X_f. =8x10-11 M.
[OH] 5x10

2.5 mL of %M weak monoacidic base (Ko = 1 x 1072 at 25°C) is titrated with % M HCI in water at
25°C. The concentration of H* at equivalence pointis : (Kw=1 x 10-14 at 25°C) [JEE-2008, 3/163]
%M a9 B 3l @R (Ko = 1 x 10712, 25°C W) & 2.5 el oflex &1 o/ gwmu+ (titration) a?ﬁu% M

HCI & |1 25°C R fdan Wil 2 | gedis fa=g (equivalence point) TR H* @) |igdl 8 @ (Kw= 1 x 1014,
25°C W) [JEE-2008, 3/163]
(A) 3.7 x 10-14 M (B)3.2x 107 M (C)3.2x102M (D¥) 2.7 x 102 M
BOH + HCl —— BCI + H20 (in titration)
B*+H.0 = BOH + H*
For titration :

MacidVacid = MbaseVbase (Since both are monoacidic and monobasic)

2 xV=25x 2

15 5

V=3x25=75mL
In resulting solution,

2 x 2.5 2

=—=01M

B*] =
B1= "0 "2

/\
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-14 2
Kn = Ky - 10 - = 1072 or Kn = 0.1h" _ 102
K, 10" (1-h)
(solve quadratic equation to get 'h', as we can't write 1 —h ~ 1, since h > 0.1)
N h=0.27 & [H1=0.1x0.27 =2.7 x 102 M
Bl BOH + HCl —— BCl + H20 (A0 # )
B*+H.0 == BOH + H*
AT & ford -
M,V =M_V_ (df® Sl Tharwila 9 Theiig g)
i xV=25x E
15 5
V=3x25=75mL
R faeas 4,
g x 2.5 2
[B] = 2 == =01M
10 20
-14 2
Kn= fw=10_ 92 T ko= 21N _ 10
K, 10 (1-h)
(feamd |HIART B & B 'h' UTa BN Fifh 89 1 —h ~ 1 781 forg 9&d &, fd h >0.13)
h=0.27 AT [H1=0.1x0.27=2.7 x 102M
5.* Aqueous solutions of HNOs, KOH, CHsCOOH and CH3COONa of identical concentrations are provided.
The pair(s) of solutions which form a buffer upon mixing is (are) : [JEE-2010, 3/163]
(A) HNOs and CHsCOOH (B) KOH and CHsCOONa
(C*) HNO3z and CH:COONa (D*) CH3COOH and CHsCOONa _
HNOs, KOH, CH3COOH 3R CH:COONa & \HH W\r=diell aTel Sfefld ®iel fad 4 8 | Sirst/sifsar, o
8101 BT R B /I B/ [JEE-2010, 3/163]
(A) HNO3 3R CH3COOH (B) KOH 8k CH3COONa
(C*) HNOg3 3fiR CHsCOONa (D*) CH3COOH 3R CHsCOONa
Sol. (C) HNOs3 + CH3COONa mixture can act as buffer solution if volume of HNO3s solution taken is lesser

than volume of CHsCOONa solution because of following reaction :
CH3COONa + HNOs —— CH3COOH + NaNOs
(D) CH3COOH + CH3COONa - mixture will act as buffer.
Sol.  (C) HNO3; + CHsCOONa fasv, 99R fdeas @ dRe &1 &R ddhal & dfe HNOs faes &1 3maa+

CHsCOONa fae@ & 3mgce @1 o=l 3 4 foral o |
sifafrar oy | B

CHsCOONa + HNO3 —> CH3COOH + NaNOs
(D) CHsCOOH + CH3sCOONa - fis1o7 qur @1 Hifd &rd aem |

Comprehension #

When 100 mL of 1.0 M HCI was mixed with 100 mL of 1.0 M NaOH in an insulated beaker at constant
pressure, a temperature increase of 5.7°C was measured for the beaker and its contents (Expt. 1).
Because the enthalpy of neutralization of a strong acid with a strong base is a constant (-57.0 kJ mol-
1), this experiment could be used to measure the calorimeter constant. In a second experiment (Expt.
2), 100 mL of 2.0 M acetic acid (K, = 2.0 x 10-%) was mixed with 100 mL of 1.0 M NaOH (under
identical conditions to Expt. 1) where a temperature rise of 5.6°C was measured.

(Consider heat capacity of all solutions as 4.2 J g~ K- and density of all solutions as 1.0 g mL?)
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ITDT #

Sol.

Rer T R o FHRIEN diax (insulated beaker) § 100 mL HCI (1.0 M) &1 100 mL NaOH (1.0 M) &
|1y ARG B R dIBR TAT IFDH IRIARRAT P ATUAN 5.7°C 98 ST B (VAW 1) | TS A B A1
Udel &RG B SSRIFIHRY (neutralization) Tedt ta adid (-57.0 kJ molL) 89 & SR 9 AT &
IUART baARFe: ReRid (calorimeter constant) &1 AT ¥ foan S F&ar 21 U g@X WA (WA 2) |
100 mL THifed 3/t (2.0 M, K, = 2.0 x 10-5) &1 100 mL NaOH (1.0 M) & w11 fAf3@ &1 ™ (93T 1
DI FARY 3fARAT H) 5.6°C AT gl AU B T |

(@ fermi @ S e1Rar 4.2 J gt K- den 9 faeraqi &1 g9« 1.0 g mLt B)

Enthalpy of dissociation (in kJ mol-1) of acetic acid obtained from the Expt. 2 is :

[JEE (Advance)2015, 4/168]
TART 2 9 U VAIfe® ol @t faaior U=t (dissociation enthalpy) (kJ molt #) & @ [JP/JP¥]
(A% 1.0 (B) 10.0 (C) 245 (D) 51.4

Let the heat capacity of insulated beaker be C.

Mass of aqueous content in expt. 1 = (100 + 100) x 1 =200 g
= Total heat capacity = (C + 200 x 4.2) J/K
Moles of acid, base neutralised in expt. 1 =0.1 x 1 =0.1
= Heat released in expt. 1 = 0.1 x 57 =5.7 KJ
= 5.7 x 1000 = (C + 200 x 4.2) x AT.
5.7 x 1000 = (C + 200 + 4.2) x 5.7
= (C + 200 x 4.2) = 1000
In second experiment, Ny coon =0-2, Nyaon =0.1

Total mass of agueous content = 200 g

= Total heat capacity = (C + 200 x 4.2) = 1000

= Heat released = 1000 % 5.6 = 5600 J.

Overall, only 0.1 mol of CHsCOOH undergo neutralization.

~5600 _

= AHhneutralization Of CH3COOH = =— 56000 J/mol = — 56 KJ/mol.

=> AHionization 0Of CH3COOH =57 — 56 = 1 KJ/mol

B 91 {5 SHEARIE fiox B SHHEMRG C 2 |

TN YH H STl ¥ed &1 G| = (100 + 100) x 1 = 200 g
= §l ST GIRT = (C + 200 x 4.2) J/K
AN YH H SERAMIGRUT BIF dTel 377, &R & Alall & & =0.1x1=0.1
= TANT 92H H g $H 1= 0.1 x 57 = 5.7 KJ
= 5.7 x 1000 = (C + 200 x 4.2) x AT.
5.7 x 1000 = (C + 200 + 4.2) x 5.7
— (C + 200 x 4.2) = 1000
f&ea 93T 4, Ny coon =0-2, Myaon = 0.1
STld "gcdh Bl ol wegd™ = 200 g
= Gl ST gTRaT = (C + 200 x 4.2) = 1000
= Had ST = 1000 x 5.6 = 5600 J.
HacT CHsCOOH & 0.1 AT BT STRAMIHRYT &Il 2 |

— AHsardriacr CHsCOOH = % = _ 56000 J/mol = — 56 KJ/mol.

= AHsrm CH3COOH = 57 — 56 = 1 KJ/mol

The pH of the solution after Expt. 2 is [JEE (Advance)2015, 4/168]
YART 2 & 9¥ad fdedq &1 pH & [JEE (Advance)2015, 4/168]
(A) 2.8 (B*) 4.7 (C)5.0 (D) 7.0
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lonic Equilibrium (Advanced) ﬂ_

Sol. Final solution contain 0.1 mole of CHsCOOH and CH3zCOONa each.
Hence it is a buffer solution.

[CH,COO] _

[CH,COOH]

Sol.  31f~a¥ fder@d CHsCOOH @1 CHsCOONa U&& & 0.1 Ardt gad B |
A T TH IR I ®

pH = pKa + log 5-log2 + log g—'iz4.7

pH= pKa + Iogw: 5-log2 + log O—'lz 4.7
[CH;COOH] 0.1
8. Dilution processes of different aqueous solutions, with water, are given in LIST-I. The effects of dilution

of the solution on [H*] are given in LIST-II.
(Note : degree of dissociation (o) of weak acid and weak base is <<1; degree of hydrolysis of salt <<1;

[H*] represents the concentration of H* ions) [JEE (Advance)2018, 3/120]
LIST-I LIST-II

(P) (10 mL of 0.1 M NaOH + 20 mL of (1) the value of [H*] does not change

0.1 M acetic acid) diluted to 60 mL on dilution

(Q) (20 mL of 0.1 M NaOH + 20 mL of (2) the value of [H*] changes to half of

0.1 M acetic acid) diluted to 80 mL its initial value on dilution

(R) (20 mL of 0.1 M HCI + 20 mL of (3) the value of [H*] changes to two

0.1 M ammonia solution) diluted to 80 mL times of its initial value on dilution

(S) 10 mL saturated solution of Ni(OH)2 in (4) the value of [H*] changes to %

equilibrium with excess solid Ni(OH)z2 is times of its initial value on dilution

diluted to 20 mL (solid Ni(OH)z2 is still
present after dilution).

(5) the value of [H*] changes to \/5
times of its initial value on dilution
Match each process given in LIST-I with one or more effect(s) in LIST-II. the correct option is

AP—>4;0>2:R—>3;S>1 B)YP—>4;Q—>3;R—>2;S—>3
(C)P>1;Q—>4:R—>5;S—>3 D)P—>1;Q—>5:R—>4;S—>1

A (LIST-I) § ST 37 el fAeiasi &1 Sid & |1 dgHRo] I+ § Ushd ey ¢ 2| faews &
TIHRT A [H] IR gY 991a G-Il (LIST-1) 5 g 715 2| [JEE (Advance)2018, 3/120]
(&I <, G 37 3R gddl &R @l fadre A (o) (degree of dissociation) <<1 8; &aUT & STol—aqecH
%1 A3 (degree of hydrolysis of salt) <<1 &; [H*], H* 31 @1 Higdl &l F6fUd &dl 8)

LIST-I LIST-II

(P) (0.1 M NaOH &1 10 mL + 0.1 M gfife® (1) TFHRY A W [H] & A9 4§ DI
A BT 20 mL) HT 60 mL TH TIHRIT 9geld Fel BT @

(Q) (0.1 M NaOH &1 20 mL + 0.1 M gRife® (2) TFHRY A W [H*] BT A ISADR
3R H1 20 mL) HT 80 mL T THRI 3P URMWD HAF BT M Bl

(R) (0.1 M HCI &1 20 mL + 0.1 M 3= (3) TIHT HRA W [HY] BT A dGADY
oot &1 20 mL) %7 80 mL d® TR 9P URMS A &I & 0N BN B
(S) 10 mL Ni(OH). &1 g« faera= (4) TIHOT A W [HY] BT A IGADY
(saturated solution) ST 3MfERT 31T AP YRS A B % T BT B
Ni(OH), & |1 TRITaRAT H 7, SHBT 20 (5) TFHRIT A W [H*] BT A ISAD
mL T TgHRYT fhar a1 @ Ni(OH)2 B URMG F9 BT /2 o & ]

TIHROT & Teard Wt IuRerd ) |
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lonic Equilibrium (Advanced) ﬂ—
-1 7 U ™ 7S UHF B A1l 7 Y Y TF A1 e guE (@HmE) & a1 gaHS B | FEl fadwe

2
AP>4;Q>2;R—>3;S>1 BP—>4;Q—>3;R—>2;S—>3
COP—>1;,0Q>4;R—>5;5S—>3 DO)P—>1;Q—>5;R—>4;5—>1
Ans. D)(P—>1);(Q—>5;R—4);(S—>1)
Sol.
P) NaOH + CHsCOOH —— CHsCOONa + H20
M.Mole 1 2

Now solution contains 1 m. mole CHzCOOH & 1 m.mole CH3zCOONa in 30 ml solution.
It is a Buffer solution

.. [H*] does not change with dilution.
Q) NaOH + CH3COOH ——— CHsCOONa + H20

M.Mole 2 2
Now solution contain 2 m.mole of CHsCOONa in 40 ml solution (salt of weak acid strong base)
KyKa
[H*initial = [ —%
C

Now on dilution upto 80 ml, now can. Becomes %

KwKa
Cl2
(R)  HCl+NHs —> NH4ClI

M.Mole 2 2
Now solution contain 2 m.mole of NH4Cl in 40 ml solution (salt of SA & WB)

K, C
Ko

S [HY]new = = [H*initial % \/5

[H*)initial =

Now on dilution upto 80 ml, new conc. becomes %

v~ [Kw C _ [Hlita
[H ]new
Kp 2 2
(S) Ni(OH)z2 (s) —— Ni?* + 20H-
*.* it is sparingly soluble salt
*.on dilution [OH-] conc. in saturated solution of Ni(OH)2 remains const.
[H+]new = [H+]initial

Sol.
P) NaOH + CHs;COOH —— CH3COONa + H20
M.Mole 1 2

39 faera & 1 fAefidier CHCOOH et 1 faferiel CHsCOONa 30 ml faers & SuRerd ® |
T UPh IHX et B |
oo [HY] A & e uRafda =& g 7

(Q)  NaOH + CHsCOOH —» CH3sCOONa + H20

M.Mole 2 2
319 faera # 2 m. fafemral CHsCOONa 40 mi faeree (de ot Uaa &R &1 oo 3 SuRerd & |
K,Ka
[H*initial = ¥
C

mSOmlwaﬂmWﬂiﬁ%ﬁaﬁﬁl
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lonic Equilibrium (Advanced) ﬂ_
KwKa
Cl/2

(R)  HCl+NHs — NH4CI
M.Mole 2 2
39 et % 2 m. fAferral NH4Cl 40 mi faeae (SA T WB &1 @avr) # IuRerd ® |

Ky C
b

S [HY]new = = [H*initial % \/E

[H*]initial =

319 80 ml T TIAT W A=l %%ﬁw&ﬁ%l

a — [Kw C _ Hlita
[H*Jnew = P T
(S)  Ni(OH)2 (s) —> Ni2* + 20H-
g I faerrele oaur 7 |
. Tga1 W= [OH-] |isar Ni(OH). & dqw faerad # fad & © |
[H*]new = [H]initial

PART - 1l : JEE (MAIN) (PREVIOUS YEARYS)

A - 11 : JEE (MAIN) (OBl adl) & yea

JEE(MAIN) OFFLINE PROBLEMS

1. An alkali is titrated against an acid with methyl orange as indictor, which of the following is a correct

combination? [JEE(Main)-2018, 4/120]
Base Acid End point

(1% Weak Strong Yellow to pinkish red

(2) Strong Strong Pink to colourless

(3) Weak Strong Colourless to pink

(4) Strong Strong Pinkish red to yellow

A RS DI UH FaAd b w9 H YAN b, TP &R DI (D A & [dog JANMUd fbar S 2 | 71

# 9 B A UP Fal FaT 27 [JEE(Main)-2018, 4/120]
&R 3 I fag

(1%  gda EEC At ¥ erdl et

(2) yaat PEC] AT A A

(3) g LER] JTEE A e

(4) e uqe AT AT A G

Sol.  NH4s« OH + HCI — NH4Cl + H20

Weak base  Strong acid

At end point pH will be less than 7
(pK, +logc)

2

.. Methyl orange will change colour from yellow to pinkish red at the end point.
Sol.  NH4s« OH + HCI — NH4Cl + H20

g9 AR U9 o7

gf~m fasg R pH,7 & %7 g
ﬂ%mwawgéammawaﬁpH:7_(m<L2bgC)

as strong acid weak base salt have pH =7 —
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lonic Equilibrium (Advanced) ﬂ—
IONIC EQUILIBRIUM-III

e I g-11

Bl Exercise-1
w Marked Questions may have for Revision Questions.

» faffed 999 Jewm AT v R
PART -1 : SUBJECTIVE QUESTIONS
T - | : fA9ATHS Y99 (SUBJECTIVE QUESTIONS)

Section (A) : Solubility, Solubility product and Simple solubility calculations
Gus (A) : faergdl, faoar EFEwa den el #f 93 TN

Commit to memory :
Solubility (s; in mol/L) of a sparingly soluble salt AxBy : Ksp = XX.yY.(S)**Y

Ig IE@9 NG 7
% A fJeraeiiad @au ABy @ faeTar (s; mol/L #) : Ksp = XXy, (s)

A-1.  Although it is a violent poison if swallowed, Mercury(ll) cyanide Hg(CN)2, has been used as a typical
skin antiseptic. (Ksp of Hg(CN)2 = 1.35 x 10-23, Atomic mass of Hg = 200 u). Assume no ion to be
undergoing hydrolysis.

(a) What is the molar solubility of this salt in pure water ?
(b) How many milligrams of Hg(CN): dissolve per litre of pure water ?
(c) How many milliliters of water are required to dissolve 1.134 g of the salt ?

7H(Il) ARATES Hg(CN)2 e @R IeIfd <fig fay 8, oifdd @ar—ufeRiedt & w9 # ugaa fvan S & |
(Hg(CN)2 ®T Ksp = 1.35 x 1023, Hg &1 URHIY] &AM = 200 u) fHHT 91 3T &I STof—31aaes HRal gall
T A |

(a) Y& 9 § 39 @91 D] AR fdelaar & sl ?

(b) fra= eI Hg(CN)2 9fd &ilex & odt | faeid © ?

(C) 39 &9 & 1.134 UM & "o & fou fhas fAefielier ST @t smaggssar 2l ?

Ans. (a)15x10%8M (b) 3.78 x 103 mg (c) 3 x 108 mL
Sol. (a) Hg (CN)2 ——— Hg*> + 2CN-
Ksp =4 s3=1.35x 102 = s=15x10%M

(b) Milligram of Hg(CN)2 =[1.5 x 10-8] x 252 x 103 = 3.78 x 10~ mg/L
(c) - 3.78 x 10-¢g dissolve in 1 L water,

1x1.134  _ 11.34x10°

.. 1.134 gram dissolve in = L=3x10°L=3x108mL

3.78x10°° 3.78
gol (@) Hg (CN)2 ———— Hg*? + 2CN-
Ksp=4s%=1.35x 1023 = s=15%x10%M

(b) Hg(CN)2 & fAeiome = [1.5 x 10-8] x 252 x 10° = 3.78 x 103 fefiur/<fiex
(c) - 3.78 x 106 M, 1 <fiex oI # goud 2,

- 1.134 919 B "1 b U ST BT 3MMaegh T =
Tiler = 3 x 108 fiefleiiex

1x1.134 _ 11.34x10°

—— e = 3 x 105
3.78x10 3.78
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lonic Equilibrium (Advanced) ﬂ_

A-2.

Ans.
Sol.

How many milligrams of gold(III) ion are there per litre of solution in a saturated aqueous solution of
gold (I1I) iodide ? Auls(s) == Au®*(aq) + 3I-(aqg). Ksp of Aulz= 2.7 x 10-*/, atomic mass of Au = 197 u.
Assume no hydrolysis of Au®* ion.

Mes (II1) IMATSRS & AgW e fderad 3 gfieiiey Wiles (I10) a9 & fhaw fieinme Sufkera € ?
Auls(s) == Au¥(aq) + 3l (aqg). Auls @1 Ksp = 2.7 x 10747, Au ®T GRATY GIA = 197 u. Aud* @I
STA—3rgEed F A |

1.97 x 10" mg
Aulz —=— Au*3(aq) + 3I-(aq)
S 3s
Ksp = 27(s)* = 2.7 x 1047 = s=10"2mole/L = 1.97 x 107" mg/L
Aulz = Au*3(STeli) + 3I~(STeli)
S 3s

Ksp = 27(s)* = 2.7 x 10-47 = s = 1012 Hig /e = 1.97 x 10~ fHeimm/edier

Section (B) : Condition for precipitation, Common ion effect on solubility
@ug (B) : I@&qvl & forg smavd®d RIfa qen faeriaar R SHes uE

Commit to memory :

Condition for precipitation of AxBy : lonic product or Kip > Ksp ; [AY*]X [BX]Y > Ksp 0f AxBy
Common ion effect on solubility : Solubility (s') of AxBy (sparingly soluble ; Ksp) in a solution of 'c' M
ApDd/EBp (both readily soluble) : (pc)X(ys')Y = Ksp; s' = .....

g TE@ AT q :

ABy T @I HI T : IAMD OGS AT Kip > Ksp ; [A*]* [B<] > ABy BT Ksp
faoradT 9 HHIMIS UM : 'c' M ApDo/EBp (S1H1 o faerasiial) & faee & ABy (@9 faerasiial ; Kep) &1
faeradn (") : (pe)(ys) =Ksp;S'= .....

B-1.

Ans.
Sol.

B-2.»=

Ans.
Sol.

What can be the maximum concentration of equimolar solutions of ferrous sulphate (FeSO4) and
sodium sulphide (NazS), so that when mixed in equal volumes, there is no precipitation of iron sulphide
(FeS) ? (For iron sulphide, Ksp = 6.25 x 10-18) Assume no ion to be undergoing hydrolysis.

%A dewe (FeS0s) Tl AIfsad dehiss (NazS) & AHHleR faaadl &l Arsdl Af¥HdH a1 8 ddhdl &,
5 32 A MIad H MABE R IR IMRA Aohigs (FeS) &1 a8y UTa Fal aidl & ¢ (MR AhIsS
@ forg, Ksp = 6.25 x 10-28) fB=f) ) 319 B STf—aqee] PRl gl o A |

5x10°M

FeSO4 + NazS —— FeS + NazSO04

aM aM

Kop=| 2|2 |=6.25x 1018
2|2

a2=4x%x6.25%x 1018 =4 x 625 x 1020
a=2x25x1010 =5%x10"° M

Calculate the solubility of silver phosphate (AgszPOa4) in mg/mL (a) in pure water and (b) in a solution
that is 0.03 M in AgNOs. [Ksp(AgsPO4) = 2.7 x 10-2%]. Assume no ion to be undergoing hydrolysis.
Atomic mass of Ag = 108 u.
fieaR wivwe, AgsPOs @ mg/mL # faoad (a) g€ e 9 (b) 0.03 M AgNOs & faead # uRafea
BITY | [Ksp(AgsPOs) = 2.7 x 10-23] fell 1 oI B STA—TeeH HRAT A 71 A1 | Ag BT URATY SIAH
=108 u.
(@) 4.19 x 10*mg/mL (b) 4.19 x 10~ mg/mL
(@) Ags PO4(s) = 3Ag*@q + PO4*(aq)

3s s
Ksp=27(s)* = 2.7 x 1023 = s =10%mole/L =419 x 10-¢ gram/L =4.19 x 10~ mg/mL
(b) AgNOs —— Ag* + NOs~

/\
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lonic Equilibrium (Advanced) ﬂ_

0.03 0.03
AgsPOs == 3Ag* + PO+
Let solubility  3x +0.03 X
= =xmole/L (= 0.03)
Ksp = (0.03)3 (x) =2.7 x 1023
X =101 mol/L = 10-18 x 419 gram/L = 4.19 x 1076 mg/mL

T, (a) Ags PO4(3N) — 3Ag*(STeil) + PO43~(STelia)
3s S
Kep=27(s)*= 2.7x 1022 = s =10 #Ald/cllex = 419 x 10-6 UM/l = 4.19 x 10~ fAeium/fAeieier
(b) AgNOs == Ag* + NOs"
0.03 0.03

AgsPO4 Sl 3Ag* + PO4%
A fdergdar . 3x +0.03  x
=x A/l (= 0.03)

Ksp = (0.03)3 (x) = 2.7 x 1023
= X = 1018 Hrat/efler = 1018 x 419 UMH/eeR = 4.19 x 10-16 fAeium/fAeiieiex

Section (C) : Simultaneous Solubility, Complex Formation

@us (C) : GaIferd faergdr, @qga fAHior

Commit to memory :
Simultaneous solubility (s1 & s2) of AxBy & AxCy (both sparingly soluble) :

Ksp(AxBy): [B<] _ (ys,)’ 5 (i]y
Ke(ALC)) [C7T  (¥s) s,

Further, (xs1 + Xs2)* (ys1)Y = Ksp(AxBy) & (XS2 + xS1)* (yS2)Y = Ksp(AxCy). Put s1 in terms of sz from eq.1 in

eg.2 or eq.3 to obtain s2 & then obtain si.

Complex formation : Upon mixing M™ & L and analyzing the reaction M"™ + XL — [MLx]"* through

chemical equilibrium (assuming M to be completely consumed), concentrations of L and [MLx]"" can

be obtained. When they are put in expression of K¢, [M"]eq can be obtained.

I IGW ARG 7
ABy TAT ACy QT &9 faeraelia) o aadIferd faeadr (s. a2 sz)

Ko(AB,) BT _ (v5) _ (S_J
Ko(AC) [CT (ys) s,

M, (xS1 + XS2)* (yS1)Y = Ksp(AxBy) TUT (XS2 + XS1)* (yS2)Y = Ksp(AxCy) THIHRUI-2 AT AHIHRT-3 H AHIHROT-1

As;® UG H 51 P AM Y@ R S Ul BTl & AT 91§ H s U Brefl ® -

Hga fmior : M den L &1 fAfdd exe R den IMrfie @ (@ M goia: Sgad B B) & gRI

AFARBAT M + XL == [MLJ™ &1 fagelgor &R R L T7 [ML]™ &) dr=al I &1 ddbal 8 | 579 §9d1
Ke® @STh § @ ® Al [M™]eq T B el 2 |

C-1.» Calculate the simultaneous solubility of AgCl and Agl. Assume no hydrolysis of Ag* ion.
Ksp (AgCI) = 1 x 10719, Ksp (Agl) = 8.5 x 10717
AgCl @1 Agl @ RGeS (Th—a1el) faeraar uRafera #IRNY | Ag* &1 STa—_aees 9 AT |
Ksp (AgCl) = 1 x 10719, Ksp (Agl) = 8.5 x 1077
Ans. 10°M AgCl, 8.5 x 102 M AglI.
Sol. AgCl =— Ag" + CI Agl = Ag* + I-
(x+y) x (x+y) y
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lonic Equilibrium (Advanced) ﬂ_
Ky (AGC) _ x _ 1x107"° 10

== _ - =" x106°
K, (Agl) y 85x1077 85
x=18x108y X+Yy =X
(x+y)xx~ x2=10"10 & (x+y)xy ~ xy=8.5x 10"
x=10"° & y=85x 1012

C-2.  On passing 1 mole NHs gas through 1 L of 0.2 M CuSOs solution, determine [Cu?*] in the resulting
solution. Given : K of [Cu(NHz)4]?* = 2 x 10*3. Assume no hydrolysis of Cu?* ion.
1 A NHz I/1 @1 1L, 0.2 M CuSO4 faeras # garfed &x= o= uRom faeras # [Cu2t] &1 feiRer sfrg |
& 1§ [Cu(NHa3)a]?* BT Ki = 2 x 1013 AT Cu2* IIH &1 STolieed Ja&! 8l 2 |

Ans. 6.25x 1012 M

Sol. Cu?* + ANHs = [Cu(NHs3)4]?* ;K; = 2 x 1013
t=0 0.2 1 0
t=eq. X ~0.2 ~0.2 (- Kris very large 980 310® % |)
2x 1013 = 0z = X=6.25x 1012 M

x(0.2)*
Section (D) : Selective Precipitation, Solubility exchange
@ug (D) : IS A&l F1 fdergdn

Commit to memory :
Selective precipitation: On gradually adding A B, (s ; readily soluble) to a solution containing C,M X"~
& C M Yz

K. (A, X ALY,

quq) ; [A™]req. for A)Y, pptn = z———— Ksp(A2Ya)

(C.) (C.)*

Minimum value of [Ad9*] req. will tell which salt will precipitate first.

Solubility exchange: Upon treating a solution of C D, / C D (s) (readily soluble) with A B (s) / saturated

solution of A B, (sparingly soluble) such that some A B, gets converted to A D, (sparingly soluble), then :

[Kso(ABy) _ Ko (AD,)

p

B<Y \ D"V

[A%] req. for A X, pptn = w

qg @AY a2
TGS LTV : C,M X"~ AT C,M Y= dlel Uab faera # A B (s ; diel faergeiier) iR—eR e w

wKsp(AwXq) .

(C)’

Ksp(A;Yg)

(C2)*
IR [A] BT RAGH A9 9dTal § & DI a1 Ugel rdefia g |
faeraan faffem : AB (s) & AI/AB, (99 feraeliel) & wiqe faeras & @ C D, / C D (s) (i faeraeia)
& fIeTae @1 SR B W BB A B, BH fJereiia A D, # uRafiad g &, d@

i/Ksp(AXBy) _ i/Ksp(Apr)
B DI

AX,® 3@l & foy siaea [AT] =

AY, D e & fay srawrs [AT] =

D-1.= A solution which is 0.1 M in Nal and also 0.1 M in Na:SOs is treated with solid Pb(NOz)2. Which
compound, Pblz or PbSOa4, will precipitate first ? What is the concentration of anion of the least soluble
compound when the more soluble one starts precipitating ? Ksp(Pbl2) =9 x 10-°, Ksp(PbSO4) = 1.8 x 10~
8. Assume no hydrolysis of Pb2* ion.
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lonic Equilibrium (Advanced) ﬂ_

Ans.
Sol.

D-2.»

Ans.
Sol.

U fder@d, S Nal 9 0.1 M dT Na:SO+# 0.1 M 8, &1 319 Pb(NO3): & w1 SuaIRd f&an e 2 |
Pbl2 31T PbSO4# & ®I=< Afie gl raafia g8 ? o9 3fte faora ucred saefia 81 UR™T 8idn
2, 79 3rcd faorg ugred @& RURE @ ArEal a1 B8R ? Kep(Pblz) = 9 x 10, Ksp(PbSO4) = 1.8 x 1078,
Pb2* &1 STd—3qees 9 A1 |
PbS0Os, 0.02 M
(1) [Nal] = 0.1 M

Nal —— Na* + I

0.1M 01M 0.1M
(2) Na:SOs —» 2Na* + SO42
0.1 M 02M 01M

For precipitation of Pblz,
Ksp (Pbl2) =[Pb*2][IF]2 =9 x 10-° = [Pb*2] x (0.1)2 =9 x 10-°
= [Pb+2]req =9x107'M
For precipitation of PbSOa4,
Ksp (PbSOs) = [Pb*?] [SO42] = 1.8 x 10-8 = [Pb*?] x 0.1 = 1.8 x 108
= [Pb+2]req =1.8 x 10_7 M
For precipitation of PbSOa, required conc. of Pb*? is less. So, PbSO. precipitates first.
When Pblz (more soluble compound) starts precipitating, [Pb%*] = 9 x 10-7 M.
Then, conc. of anion of less soluble salt can be obtained as follows :
Ksp (PbSQa4) = [Pb*2] [SO42] = 1.8 x 108 = (9 x 1077) [SO42] = 1.8 x 108
[SO4?]=0.02 M
(1) [Nal]=0.1 M
Nal —— Na* + I-
0.1 M 0.AM 0.1M
(2) Na2SO4s ——> 2Na* + SOs72
0.1 M 0.2M 0.1 M
Pbl, & sm@emul & forg,
Ksp (Pbl2) = [Pb*?] [IF]? =9 x 10-° = [Pb*?] x (0.1)2 =9 x 107°
= [Pb+2]3]'|7:[¥'q'cﬁ =9x10'M
PbSO4 & @&l & foIg,
Ksp (PbSQ4) = [Pb*?] [SO+2] = 1.8 x 10-8 = [Pb*?] x 0.1 = 1.8 x 108
= [Pb*2]sawrs = 1.8 X 107 M
PbSO4 & 3@eUul & foTy Pb*2 &l SMaead HTsdl $H 8, SHY PhSO, Uger aaud B 2 |
Pbl, &1 379890l T9 Y% BIdl &, 919 [Pb2*] @l |rsal =9 x 107 M
9, $F I 99 & RURIE & Asdl 9 TBR A WIS B S Fhdl 8 ¢
Ksp (PbS0O4) = [Pb*?] [SO42] =1.8 x 108 = (9 x 10-7) [SO42] = 1.8 x 10-8
[SO4?]=0.02 M

0.1 mole AgCI(s) is added to 1 litre H20. Next, crystals of NaBr are added until 75% of the AgCl is
converted to AgBr(s), the less soluble silver halide. What is [Br] in the resulting solution ? Ksp of AgCl is
1.75 x 10710 and Ksp of AgBr is 5.25 x 10-13. Assume no hydrolysis of Ag* ion.

0.1 el AgCI(s) @1 1 &iex H.0 # fAeman imar 2| 8™ NaBr @ fihvea &1 fid™ W 75% AgCl, &9 faog
e ggs AgBr(s), # uRafda grar 2 | uRomt faers # [Br] @& &F”ft ? AgCl &1 Ksp = 1.75 x 1010
qAT AgBr &1 Ksp = 5.25 x 1013 B | Ag* &1 STa—3dee 7 A |

225x10“ M

[Ag*] [CIH] = 1.75 x 1010
[Ag*] [Br] = 5.25 x 1013

_ 525x107"
© 1.75x107°

_ 5.25x107

- [Br] ~ 1.75x10°°

x [CH] x (0.075) = 2.25 x 104 M.

/\
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lonic Equilibrium (Advanced) ﬂ_

PART -1l : ONLY ONE OPTION CORRECT TYPE
AT - || : BT U 98! fdded YHR (ONLY ONE OPTION CORRECT TYPE)

Section (A) : Condition for precipitation, Common ion effect on solubility
U (A) : I@aqv 3 fay smawas Rfd den fieaar w® wHeme v

Commit to memory :
Condition for precipitation of AxBy : lonic product or Kip > Ksp ; [AY*]* [BX]Y > Ksp 0Of AxBy
Common ion effect on solubility : Solubility (s") of AxBy (sparingly soluble; Ksp) in a solution of 'c' M
ApD¢/ErByp (both readily soluble) : (pc)X(ys')Y = Ksp; S' = .....

I TG ARG 7 ¢
ABy T @YY BT T : IRAMD OGBS AT Kip > Ksp ; [A*]* [B<] > ABy BT Kep
faeradT IR FHRIEE U4 : 'c' M ADo/EBp (11 g faeraeiiel) & faerad § ABy (@9 faaasiia; Kep) &1
faerar (s) : (pe)X(ys')Y = Ksp; 8' = ...

A-1.  What is the minimum pH at which Mg(OH): starts precipitating from a solution containing 0.02 M MgCl2
? Ksp of Mg(OH)2 = 1.8 x 1012,
0.02 M MgCl> gad U& e | 519 Mg(OH)2 BT 1aev] U™ BIdl &, a9 fdora" &1 g9 pH a1 8 ?
Mg(OH). &1 Ksp = 1.8 x 10711,

(A) 4.52 (B) 9.04 (C*) 9.48 (D) 8.48
SO|. [F83+] [OH_]3 > Ksp
[OH] > 10452 = POH<452 =  pH>9.48.

Section (B) : Simultaneous solubility and Complex formation

@Us (B) : AWDIfeid fderas a Sael fAior

Commit to memory :
Simultaneous solubility (s1 & s2) of AxBy & AxCy (both sparingly soluble) :

Ksp(AxBy) _ BT _ (ys,) _ [31 ]y

Ksp(Any) [CX—]Y P (ySZ)y g

Further, (xs1 + XS2)* (ys1)Y = Ksp(AxBy) & (XS2 + xs1)* (ys2)Y = Ksp(AxCy). Put s1 in terms of sz from eq.1 in
eq.2 or

eq.3 to obtain sz & then obtain s.

Complex formation : Upon mixing M™ & L and analyzing the reaction M" + XL — [MLx]"* through
chemical equilibrium (assuming M™ to be completely consumed), concentrations of L and [MLx]"* can
be obtained. When they are put in expression of K¢, [M"]eq can be obtained.

g G Y G2 ¢
ABy TAT ACy @1 BF facrarele) @ AAGIIS fIeladT (s1 A s2)
K (AB,) _ B _ (ys,)’ :[ijy
Ky(AC,) [CT ~ (vs,) s,
M, (xS1 + XS2)* (yS1)Y = Ksp(AxBy) TUT (xS2 + XS1)* (yS2)Y = Ksp(AxCy) THIHRUI-2 AT AHIHRIT-3 H FAHIHRIT-1
A s:® Y&l H 51 H A9 TEH TR s U BT & A 918 H 51 U BIll @ -
Hga fmior : M den L &1 fAfda ave R den e |amn (@ Mt gofa: ggad B B) & gRI
RIGIED
M™ + XL = [MLJ™ & fAgai¥or &= O L deM [ML™ & Ar=dl U< & Gdbdl g | ofd $9d1 K D
P H TG B AT [MM]eq UTT BT HhaT ? |
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lonic Equilibrium (Advanced) ﬂ_

B-1.  Simultaneous solubility of two sparingly soluble salts A & B having some common ion :
(A) is greater than their respective solubilities in separate solutions.
(B) lies in between their solubilities in separate solutions.
(C) is less than its solubility in separate solutions for more soluble salt, but is greater than its solubility in
separate solution for less soluble salt.
(D*) is less than their respective solubilities in separate solutions.
BIg FHM A & Tl &1 A fAeraefial &aur A9 B &1 AAGIAS fderar -
(A) 9o faeraat # g9a Svd faoradmil | «fd® &rft 7|
(B) 9% faerami # 9@ faorgaet @& #7eg # Rerd el 21
(C) 31w faeraefie el & forg g e # swat faead | &9 axlht B, fea o9 Roaefa aau &
foq g faeml § g9 Ao 9 affe & 2|
(D*) 9w A # g91a) W faoraanet | &9 8l B
Sol. lon produced from one salt will exert common ion effect on the solubility of other salt. As a result,
solubility of both salts will decrease.

UPH U | ST T Y q9 $ fIoiad IR FHMIE YT IRIUG dRA SHd URUTHRAGSRY S
qul @) faeradr e |

B-2.= The solubility product values of AgCl and AgCNS are 1.8 x 10-1° and 1.6 x 10-1! respectively. When a
solution is saturated with both solids, calculate the ratio [CI-]//[CNS-] and also [Ag*] in the solution :
Assume no reaction of cation/anion.

AgCl Td AgCNS & fdeladl qoAHal & A1, HHe: 1.8 x 1020 g2 1.6 x 1012 8| 99 U fdoras
Sl ¥ g ©, A1 fae@d 9 [CH/[CNS-] 3rgura @ [Ag*] aR&fera difoiy :
(A)1.125,4 x 10M  (B*) 11.25,1.4 x 105M (C) 1.25, 4 x105M (D) 1.25, 4 x 105 M
Sol. AgCl —— Ag* +CI- AgCNS ——— Ag* + CNS-
(x+y) x (x+y) vy

Kep (AgCI) _ X [CI']
Ksp (AQCNS) y  [CNS]
[CI'] _ x_1.8x10™"

[CNS_] = ;— W =1.125x 10=11.25

— X 21125 orx=11.25y.
y

Ksp (AgCI) = [Ag*] [CIH] = (X + y) X = 1.8 x 1010
1225y x 11.25y=1.8 x 1010
,_ 1.8x1071°
© 12.25x11.25
So ¥, y = 1.14 x 106
& AT x=11.25x1.14 x 106=12.83 x 10°°
So a1, [Agf] =[x +y] =12.83 x 106+ 1.14 x 106 =13.97 x 106 =1.4 x 105 M.

B-3.  Which of the following options is true for a solution saturated with AgCIl and AgBr, if their solubilities in
mole per litre in separate water samples are x and y respectively ? Given : x >y. Assume no hydrolysis
of Ag* ion.

AgCl T AgBr @ H1Y 9qw & fdeq & folg 71 # 9§ &i9ar [deed 9 &, A gors ofa uieent #

gTa faerad Alel/ellex § I x ATy ® ? A 81 x>y | Ag* IMIT &1 ST Aeed - 7 |

(A) [Ag'] < [Br] +[CIT] (B*) x>[CIT]>[Br] ©) [Br]>y (D) [AgT]=x+Yy
Sol. AgCl —— Ag* +CI-; AgBr —— Ag* + Br-
X+y x X+y Y

(both equilibria are established simultaneously in a solution saturated with AgCl and AgBr)
(A) [Ag'] = [Br] + [CI]
(B, C, D)
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lonic Equilibrium (Advanced) ﬂ_

Sol.

B-4.

Sol.

Sol.

B-5.

Sol.

X >y = X2 >y? = Ksp(AgCl) > Ksp(AgBTr)
Ksp (AGC) _ [CI] 0.
Ksp (AgBr) [Br7]
Also, Ag* produced from each salt will exert common ion effect on the equilibrium of other.
. x> [ClI] &y >[Br].
Also, [Ag*] <X +.
AgCl —— Ag* + CI-; AgBr —— Ag* + Br
X+y X X+y Y
(S | AgCl TN AgBr & W19 U6 Gqw faerdd 9 o |1y wifid B g )
(A) [Ag'] = [Br] + [CI]
(B, C, D)
X >y = X2 > y? = Ksp(AgCl) > Ksp(AgBTr)
39, GBS AR D o1, Ksp (AGC) _ [CTT] (>1).
Ksp (AgBr)  [Br7]
UAPH q9 H S~ Agt Hl 3T U TR HHIIT YHIG IR HR |
. x>[CI] &y > [Br].
IE A1, [AgT] < X + .

Now, for simultaneous equilibrium,

Upon mixing equal volumes of 0.02 M AgNOs & 0.16 M KCN solutions : (Assume no hydrolysis of any
ion).
Giv)en :Ag* (ag.) + 2CN- (ag) —— [AJ(CN)2]- (ag); Kc =108
(A) [NO3;1=0.01 M ; [K*] = 0.08 M (B) [CN-]=0.06 M
(C) [Ag(CN);]=0.01 M (D*) All of these
0.02 M AgNOs @211 0.16 M KCN faaadl & |8H 3+l &1 | &xw ) : (JFife B f s &
ST e T8l Bl & )
f&ar 2 1 Ag* (ag.) + 2CN- (aq) —— [Ag(CN)2]- (aqg) ; Kc = 1018
(A) [NO;]1=0.01 M ; [K*] = 0.08 M (B) [CN-] = 0.06 M
(C) [Ag(CN);]1=0.01 M (D*) & ol
Ag*(ag.) + 2CN-(aq) == [Ag(CN)z](aq) ; Kc = 1018
t=0 0.01 0.08 0
t=eq x ~ 0.06 ~ 0.01 (Assuming nearly all Ag* ions to form complex Kc very large)
(Upon m(ixigzg equal volumes, volume gets doubled. So initial concentrations get halved).
Ag*(STefig) + 2CN-(STeflt) —— [Ag(CN)2](STeiid) ; Kc = 1018
t=0 0.01 0.08 0
t=eq X ~ 0.06 ~0.01 (A ST |1 Ag* 3TRIF |dhel 91 8 Kc 984 31 2 )
~0
(W@%ﬂgﬁﬁﬁ@maﬂﬁwwgwms‘m%lsﬂ%rquwf?ﬁrcﬁmsmﬁmﬁgﬁ%l).

In the above question (B-4), [Ag*] is about :

(A¥) 2.78 x10-18 M (B) 1.67 x 10-1° M
(C) No free Ag* ions will be left in the solution (D) Cannot be determined
SIRIFT G (B-4) ¥, [Ag*] T ®
(A*¥) 2.78 x10-18 M (B) 1.67 x 10-1° M
(C) faeras & ®Ig W o Ag* 3MId ¥ & & | (D) fRefzor & &= Fawd
1018 = 0—03 = X =2.78 x 10-18 M.

(0.06)*(x)

/\
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lonic Equilibrium (Advanced) ﬂ—
Section (C) : Selective Precipitation, Solubility exchange

@ug (C) : TP Adamer qenn feraan fafrmg

Commit to memory :
Selective Precipitation : On gradually adding A B (s ; readily soluble) to a solution containing C, M X*- & C,
M Yz

K, (A, X Kep (ALY,
M ; [A%] req. for Aqu pptn = , M

(G’ (C.)"

Minimum value of [A9*] req. will tell which salt will precipitate first.

Solubility exchange : Upon treating a solution of C D,/ C D (s) (readily soluble) with A B (s) / saturated
solution of A B (sparingly soluble) such that some A B, gets converted to A D (sparingly soluble), then :

§/KSp(AxBy) _ Q/Ksp(Apr)
BT [P}

[A*] req. for A X, pptn = w

g G AY A
YIS ATV © C, M X" A1 C,M Y2 dTel T faerad § AB (s ; <l faerreiier) iRk frem wx
AX, ® 3@aur & fu smaegs [AT] = ((?)q ), AY, ® 3@ & faU Imawgd [AT] =
Ksp(A;Yq)
(Co)*

ALY [AT] BT ATH HIF 91l & b DITAl 99 Ugl A& 81T |
faergar fafema : AB, (s) ® @mI/AB, (4 faergelicl) & Wq< faer@s & A C D, / CD (s) ([ feraeie)
& facra B SUEIRd B R HB A B, BH faaefia A D, # uRafdid g 8, @€

szp(AxBy) _ szp(Apr)
BT it

C-1. In a solution containing equal concentrations of X-, Y- & Z-, MCI(s) (a readily soluble salt) is gradually
added. If Ksp (MX) > Ksp (MY) > Ksp (MZ), then : (Assume no hydrolysis of any ion).
(A) MX will precipitate first.
(B) MY will precipitate first.
(C*) MZ will precipitate first.
(D) Nothing can be said about which salt will precipitate first, as numerical data is not given.
X-, Y- T Z- B FEA Ar=dl arel fdaad 3, MCI(s) (e faerreiie aaon) &1 fR—R fiema 21 afe
Ksp (MX) > Ksp (MY) > Ksp (MZ), T4 : (AT flY 0 M9 &1 STt 3rgerest &1 8l ® ).
(A) MX TduerH sraaifid =i |
(B) MY v 3ragifid &I |
(C*) MZ |a9e™ 3faeifid 8 |
(D) B W & FEl o Whal g & ST Fqv Faye @afid B, ®ifd S sifee T8 A W
g |
Sol. The salt with least Ksp is precipitated first (in this case).

AT Ksp J&T AaUT AIULH 3raeifia g g | (39 Refay #).

C-2.» In above question, If [X7]i: [Y7]i: [Z7]i =100 : 10 : 1 & Ksp[MX] : Ksp[MY] : Ksp[MZ] = 10 : 0.1 : 1, order of
precipitation will be :
(A) MZ, then MX & MY at last (B*) MY, then MX & MZ at last
(C) MX, then MY & MZ at last (D) MY, then MZ & MX at last
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lonic Equilibrium (Advanced) ﬂ_

Sol.

Bl Exercise-2 |

SWRIFT 9o # A [XJi : [Y):[Z7]) =100 : 10 : 1 T Ksp[MX] : Ksp[MY] : Ksp[MZ] = 10 : 0.1 : 1, @
LT BT HH B :
(A) MZ, q1g § MX g a0 § MY (B¥) MY, 916 § MX T 30 § MZ
(C) MX, 91¢ § MY g 31 § MZ (D) MY, 91§ § MZ 9 31 H MX
Calculation of concentration of M* required for precipitation (Ksp(salt) = [Anion] [M*]min. req. for salt's pptn.)
Jgemel & oy emawad M* &1 |l B T (Ksp(SAT0T) = [F0TRIA] [M* oo sragror @ forg e smasas)
MX : [M*]ux = 10 _o1m
100

MY : My = 22 =0.01 M
10

MZ : [M*]uz = %le

Order for precipitation is increasing order of [M*]sat, S0, first MY, then MX and then MZ.
ATl & Y HH [M*]erwr BT 9T BT A © 3N FAULH MY d18 § MX T MZ.

X Marked Questions may have for Revision Questions.

= fafted g RM AT g B

PART -1: ONLY ONE OPTION CORRECT TYPE

AT : DA Ub el fddhed PR (ONLY ONE OPTION CORRECT TYPE)

Sol.

A solution contains [NaCl] = [NazCOs] = C M. Upon gradually adding AgNOs(s) : (Assume no hydrolysis
of any ion).

(A) Out of AgCI & Ag2COs, one having lesser Ksp Will start precipitating first.

(B) Out of AgCI & Ag2COs, one having greater Ksp will start precipitating first.

K¢, (Ag,CO K¢, (AgClI

(C*) If, 1? sl ?:2 ) < Sp(cg ) then Ag2COs will start precipitating first.
K¢, (Ag,CO K<, (AgCI

(D) I, ,/ sl ?:2 ) < Sp(cg )then AgCl will start precipitating first.

&% fdeE # [NaCl] = [Na2COs] = C M g | AgNOs(s) 8R—dR e = : (@ & fodft +ft emaa &

STeleTUEes el Bl ? I)

(A) AgCl @1 Ag2COz H | &H Ksp I dTell T AIRTd AU AU 8191 YR BRI |

(B) AgCI @I AgoCOs H ¥ 3Mfdd Kep I dTell TH Ifd HIULH AT 8IF1 TRF R |

(C*) ?Tﬁ{ Ksp(A92co3) < Ksp (AgCI)
C C

(D) afe KS"(A?CO‘?) < Ksp(égu) , a9 AgC| \duerd Sfaaifia g1 UR™ B |

(A) & (B) : when number of ions being produced per salt molecule is different, Ksp alone cant judge
which salt precipitates first.

K., (AgClI fK Ag,CO
(C) & (D) . [Ag+]min. req. for first salt's pptn. = % & [Ag+]min. req. for second salt's pptn. = %

So, whichever is minimum, will precipitate first.
(A) @ (B) : 519 UfY T1avT [ IU=1 B aTel Ml @1 e i g1l @ @1 dad Kep & g1 I8 fAuiRa
TE B B 6 BT AqU FIULH eI g B |

T9 Ag2COs TIUH FAefd BFT URF B |

/\
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lonic Equilibrium (Advanced) ﬂ_

Sol.

3=

Sol.

Ksp (AQCI)

(C) @ (D) : [AQ*]wduem wawr cmeraor & forg < smawas = AT [AQ*]fed waor sradmor & forg ~aw smavas =

fKSp (Ag,CO,)
C

9 UPR Sl FAGH © I8 AIULH Saafd s |

For the reaction : [Ag(CN)2]J-(ag) =Ag*(aq) + 2CN-(aqg), Kc at 25°C is 4 x 10719, Calculate [Ag'] in

solution which was originally 0.1 M in KCN and 0.03 M in AgNOs.

(A) 1.5 x 1017 M (B*) 7.5 x 1018 M

(C) 4.6875 x 1071 M (D) Value cannot be determined due to mathematical complications.

25°C W= Ifafshar : [Ag(CN)2]-(ag) = Ag*(aq) + 2CN-(aq) ® T Kc, 4 x 10198 | faera=, 1 aaq #

0.1 KCN @21 0.03 M AgNOs J&d 2, # [Ag*] aRa&ferd aifaig |

(A) 1.5 x 10-17 M (B*) 7.5 x 1018 M

(C) 4.6875 x 10-12 M (D) TR Sifearaneti & wRoT A9 &1 fHeiRor 7€ & |aan g |

[Ag*](0.04)?
0.03

4 x 1019 = = [Ag']=7.5x 108 M

A solution of Na2COs is added drop by drop to one litre of a solution containing 10~* mole of Ba?* and
10-° mole of Ag*. If Ksp for BaCOz is 8.1 x 102 and Ksp for Ag2COz is 6.9 x 10-12, then which is not true
? Assume no hydrolysis of CO3% ion.

(A) No precipitate of BaCOs will appear until [CO3™] reaches 8.1 x 10-° mol per litre.
(B*) A precipitate of Ag2CO3z will appear when [ CO;™ ] reaches 6.9 x 10-5 mol per litre.
(C) No precipitate of Ag2COs will appear until [ CO? ] reaches 6.9 x 102 mole per litre.
(D) BaCOs will be precipitated first.
Ba>* & 10 #Id AT Ag* @ 105 AT Jad Tdh fdaid & TP ollex § ga—gw dvd NaxCOs & T
faers &1 e ST 8 | af€ BaCOs & folg Ksp = 8.1x 10-° @21 Ag2COz & foT¥ Ksp= 6.9 x 1012 &, a9
DITAT FEl TRl 8 ? I8 A B COs2 3IH H1 oiel vees] el 2idl & |
(A) 519 T& [COZ ]18.1 x 10-° I /<lleX -Tel Ugadl &, dd o BaCOsz B 3ded el I+ |
(B*) 919 [CO?% ] 6.9 x 10 A /ilex Ugadl &, a9 Ag2COs & U 3[ded Udhe s |
(C) 519 % [CO? ]6.9 x 10-29Iel/clex 7Tel Ugadl 8, a9 ddb Ag2COsz HT fa&Y &l a1 |
(D) BaCOs W% Ugel 3a&fid & |
. . , . Kg _ 6.9x107"7
For precipitation of Ag2COs. [COs 1= Ag T = [10°]
Ke _ 8.1x107°
Ba>]  10*
Ky _ 6.9x107"
[Ag? [10°F
Kep _ 8.1x107°

Tl BaCOs & 3I7d&IUT & Cco¥ 1= = =8.1x10°5
: fere [CO; ] [Ba>]  10°

=6.9x%x107?

and for precipitation of BaCOs. [COi = =8.1x10°

=6.9 x107?

Ag2CO3 & 3T@&v & fory [CO5 1=

PART -1l : SINGLE AND DOUBLE VALUE INTEGER TYPE

HIT - 11 . Uhdd @ %—U‘Pﬁm HIF YD (SINGLE AND DOUBLE VALUE INTEGER TYPE)

1=

When pure water is saturated with both CaCOs and CaC:0a4, the concentration of calcium ion in the
solution under equilibrium is 8 x 10-5>M. If the ratio of the solubility product of CaCOz3 to that of CaC204
is 3, what is the solubility product of CaCOs in pure water ? Report your answer after multiplying by 10°
and rounding it off to nearest whole number.

/\
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lonic Equilibrium (Advanced) ﬂ_

Ans.

Sol.

Ans.

Sol.

T¥ CaCOsz Td CaC.043H & W1 Yg Sfdl B WJW fHan Sl &, a1 9 R e § dfeermd s
F A= 8 x 105 M 2| IfX CaCOs Td CaCz0s & faoiaal owhall &l gurd 3 B, dI Y& ol H
CaCOs 1 felal JoFHe a1 & ? U1 IR 10° A IO R+ & U dead quiie & a4 3 ST |
5 (actual answer 21l IR = 4.8 x 10-9)

CaCO3; — Ca*™ +C032 CaC204 — Ca*2 + C20472
X X Yy Yy
(xty) X (xty) 'y

K

KalC2CO) _x_3 g,
Ksp(CaC,0,) y

(x+y) =8x10°

By +y)=8x10"° = y=2x10"5;x=6x 105

Ksp(CaCOs) = [Ca*?] [CO37
= 8x10°x6x10>°
S 48 x 10710
Ksp(CaCOQg) = 4.8 x 10-°

On mixing equal volumes of 0.1 M AgNO:z & 0.8 M KCN solutions, what % of original Ag* is in the form
of free Ag* ions ? Given : Kq of [Ag(CN)2]~ = 10-18. Report your answer after multiplying it by 4.5 x 1016,
(Assume no hydrolysis of any ion)

0.1 M AgNOz T2 0.8 M KCN fae@sii & F911 iad+i dl 3 &3+ ) Jad Ag* 3+l & w9 4 fdha
gfrerd arfa®s Ag* 81T 8 2 f&am 8 : [Ag(CN)2]- &1 Ka = 10718 3T STR 9 4.5 x 106 O oA &
gearq Y| (A {6 Bl i s &1 SeeidEed @l Bidl & )
50

—18 — [Ag+]free(0'3)2 + = §X -
1018 = —(0.05) = [Ag*]iree 9 108 M

§><10_18

% of Ag* (Ag* T %) = QOT x 100 x 4.5 x 1016 = 50%

PART - lll : COMPREHENSION

HIT - 111 - 3]@3 (COMPREHENSION)

Comprehension # 1

0.2 mole of MgClx(s) are added in 1 litre volume of a solution, already containing 0.2 mole of NaOH(s).
Now answer the following questions :

ITHE # 1

3xn

MgClz(s) & 0.2 Hidl, NaOH(s) & 0.2 #lel Jad 1 wfie faera # e |
3 4 Ul & ST I ¢

Calculate pH of obtained solution. Ksp of Mg(OH)2 is 1.6 x 10712,

T faeras @& pH @Y o1 BIRR | Mg(OH)2 BT Kep 1.6 x 10712 8 |

(A*) 8.6 (B) 8.5 (C) 8.65 (D) 8.56

What would be the new pH when 0.04 mole of NaOH(s) are added in the solution obtained from
comprehension ?

AT I U e § NaOH(s) & 0.04 Wil fiem™ & ugarq =41 pH &1 8rm ?

(A) 8.6 (B) 8.5 (C*) 8.65 (D) 8.56

Find the pH of the solution obtained after adding 0.04 mole of HCI(g) to the solution obtained from
comprehension ?

I I UTa e § HCI(g) & 0.04 Ardd e & uearq ura faeas &1 pH s1d ST |

(A) 8.6 (B) 8.5 (C) 8.65 (D*) 8.56

/\
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lonic Equilibrium (Advanced) ﬂ_

Sol.  As the value of K is very low so we can assume that almost all the Mg(OH)2 will Present in solid state.
1. Mg+  + 20H- — Mg(OH):
t=0 0.2 0.2 0
0.1 X 0.1

At the end of reaction [Mg*™] =0.1
Ksp [Mg (OH)2] =[Mg*?] [OH]? = 1.6 x 10-12

-12
- [OH]2 = % - [OH]= 4 x 106 M
= pOH =6 —log 4 = pH =14-6+0.6=8.6
2. Mg*2 +20H- —— Mg (OH): (s)
01 004

At the end of reaction [Mg*?] = 0.1 —% =0.08
Ksp (Mg(OH)2) = [Mg*?] [OH]? = 1.6 x 10-12
-12
oHJe = 16107 [OH-] = 4.47 x 106
0.08
pOH = 6 -log 4.47 =5.35
pH =14 - 5.35 = 8.65

3. Mg(OH)» + 2HCI ——— Mg* +2Cl- + 2 H20
0.1 0.04 01 - -
0.1-0.02 0 0.1 +0.02

[Mg*2] = 0.12 M
Ksp [Mg (OH)2] =[Mg*2] [OH]2 = 1.6 x 1012

-12
oHpe = 1207 _ 4 pume = oH]= [2x10m M
012 3 3

= pOH =544 = pH = 14 —5.44 = 8.56
B Ksp BT AT 980 HH & SHIelY 84 A dhd © (& o G901 Mg(OH)2 31N a1 3 SuRerd & |

1. Mg*2 + 20H —— Mg(OH)2
t=0 0.2 0.2 0
0.1 X 0.1
sfAfhan & o ™ [Mg*?] = 0.1
Ksp [Mg (OH)2] =[Mg*?] [OH]? = 1.6 x 10712
-12
> [OHR=EZ = [OH]= 4x10°M
= pOH =6 —log 4 = pH =14-6+0.6 =8.6
2. Mg*? + 20H- ——— Mg (OH)2
0.1 0.04
& 21— 0.04 _
faforar & g W [Mg ]—0.1—7—0.08
Ksp (Mg(OH)2) =[Mg*2] [OH-]2 = 1.6 x 1012
-12
oHp = 2019 [OH] =4.47 x 106
0.08
pOH = 6 -log 4.47 =5.35
pH =14 - 5.35 = 8.65
3. Mg(OH). + 2HCI ——— Mg* +2CI- + 2 H0
0.1 0.04 0.1 - -
0.1-0.02 0 0.1+0.02

[Mg*3] = 0.12 M
Ksp [Mg (OH)2] =[Mg*?] [OH]? = 1.6 x 10-12
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lonic Equilibrium (Advanced) ﬂ_

-12
[OH2 = %: gx 10UM2 =  [OH]= /gxlo'“ M

= pOH =5.44 = pH =14 -5.44 =8.56

Comprehension # 2
Answer Q.4, Q.5 and Q.6 by appropriately matching the information given in the three columns of the
following table.

Following 3 columns contain informations regarding water solubility of some sparingly soluble salts and its
relation with their solubility product constants (Ksp).
Take temperature as 25°C.
Column-1 Column-2 Column-3
Solubility increases because of Solubility increases in  acidic
T . o :
() | Solubility 1/KSp 0] g(r)ﬁ[?gﬁe of common anion in | (P) solution as pH decreases below 3
K_\V4 Solubility decreases because of Solubility increases in basic
(1) | Solubility < (ﬂ] (i) | presence of common cation in | (Q) | solution as pH increases above
27 solution 11
1/4 ili
— p Solubility decreases becayse 9f Solubility is unaffected by pH of
(1) | Solubility = | —= (iii)y | presence of common anion in | (R) ;
; solution
solution
Solubility increases because of Anionic hydrolysis will make
(IV) | Solubility = 1/Ksp (iv) presence of common cation in | (S) | solubility in water greater than
solution expected

FTDT # 2
=1 IRoflt & 9 == | R TR e @ Sfd AeE gRT Q.4, Q.5 A1 Q.6 % ITR aIfuig |

71 3 B ¥ 7B ¥ fAaTeid daui o S fJeldr § §=d goar 8 a1 396 9 39 [dorgd
TR FIdT®T (Ksp) & B |
TATIHT 25°C AN |

e BieT -2 P -3
foorgar femw & Swafis -
facrgar sl facea & s 2
0 ﬁﬁ?ﬁﬂ>\/g () | A @ IuRART & BRU | (P) i 3 e B o 3| .

ol B |

foogar faem #  Swafrs .
Ko )'° 4 faeraer e faerm= & qgdt @
(1) | faerar < (—27”j () | & '% Izﬁ SR @ Gt (@) | pH 11 & o1& &1 ol 2

faelar foemw d  Swafis

1/4
(1) ﬁﬁw:(&j (i) | T B woReR 3 www | R || G @ pH o E

27 e 3T Bl 2 |
N RIS Soged | od H

(V) | e = K, (iv) %@%Iﬁ sufteft & BT | () | o ot < o @ o |
4. For AgCN, the only correct combination is :

AgCN & foTT, dac F8l Ao 8—

(A) (V) (i) (R) (B) (1) (i) (S) €)M 0 P) (D) (1) (iii) (P)
Sol. AgCN(s) = Ag*(aq) + CN-(aq) (1)

CN-(ag) + H20 &= HCN + OH- (Anionic hydrolysis) ..-(2)

AgCN + CN- & [Ag(CN)2]- (Complex formation) ...(3)

Equation (2) will make Eq.(1) shift forward. So, solubility > 1/Ksp . Solubility in acidic solution would be
high because of reaction : CN- + H* &= HCN
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lonic Equilibrium (Advanced) ﬂ—
Eq.(3) will increase solubility of salt in presence of common anion (CN-).

Sol.  AgCN(s) = Ag*(aq) + CN-(aq) (1)
CN-(aq) + H2O == HCN + OH- (R Seeieed) ...(2)
AgCN + CN- == [Ag(CN)2]- (dga fomo) ...(3)

FABHT (2), FHBRO (1) B o fwm A favenfim sy, o fer > K, . sl fere ¥ forr:
CN- + H* ¥ HCN 1fafshan & sRor 9= 8 |
THHRT (3) SHAMTS oM (CN-) &Y SuRAfy § 907 o1 faeraar &1 g |

5. For Al(OH)z, the only correct combination is :

Al(OH): & foIY, el F& HAToIA 28—

(A) (N (i) (S) | (B) (I1) (iv) (Q) (©) () () (P) (D*) () (i) (Q)
Sol.  Al(OH)s(s) = AP*(aq) + OH-(aq) ..(1)

Al(OH)s(s) + OH-(aq) = [Al(OH)4]-(aq) ..(2)

Al(OH)s, expected to be having very less Ksp value, will face common ion effect by OH- ions present in

o Ksp
water. So, solubility < 4 o

Acidic medium will making Eq.(1) shift forward by consuming OH- ions leading to greater solubility.
OH- ions (basic medium as well as common anion) will increase solubility by making Eq.(2) shift

forward.
Sol. Al(OH)3(s) = Al*(aq) + OH-(aq) (1)
Al(OH)s(s) + OH~(aq) = [Al(OH)4]~(aq) -(2)

Al(OH)s 3UfeTd WU | 98d dH Ksp A TN &, I8 O H SURT OH- 3TH1 g§RT SHATTS MIF U491
mww%laﬁ:ﬁﬁam<4f%,

AT AIHH FHIDBRYT (1) DI OH- AT & @d gR1 i feen # foRenfia wxan 2, o faorwar sgct 2
OH- I (BT HIETH T SHAMS FUMIH) FHIGIV (2) & 6T faRemus g1 faeiadn &1 9 |

6. For PbS, the only correct combination is :

PbS & fofT, ddel WEl Ao 23—

(A) (1) (iii) (P) (B) (1V) (iii) (S) (©) () () (R) (D) (V) (ii) (P)
Sol. PbS(s) ¥— Pb?*(aq) + S?-(aq) (1)

S?(aq) + H20 ¥ HS(aq) + OH(aq) ...(2) (Anionic hydrolysis)

Eq.(2) will make Eq.(1) shift forward. So, solubility > /Ksp . Solubility in acidic solutions would be higher

because of reaction : S~ + H* & HS-
Presence of common cation or anion will both make Eq.(1) shift backward leading to decrease in

solubility.
Sol.  PbS(s) = Pb?*(aq) + S>(aq) ..(2)
S?(aq) + H20 == HS~(aq) + OH-(aq) ..(2) (FEUTIMEG STsTIET)

DR (2), FHBRT (1) B o R # fawenfoq | s fewmar > (K, . et fet # fer
A : S+ HY &= HS- & Rl Iz 8l |
THIHRT (1) B gza feem A favenfug ol s faegar § & 2 21
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lonic Equilibrium (Advanced) ﬂ_

* Marked questions may have more than one correct option.

* ffeed ueHl @ o ¥ A 98 Ay 8 9ad 21

PART -1 : JEE (ADVANCED) / lIT-JEE PROBLEMS (PREVIOUS YEARYS)
AT - | : JEE (ADVANCED) / IT-JEE (fUsel a8f) & wed

1. For a sparingly soluble salt AyBg, the relationship of its solubility product (Ls) with its solubility (S) is :
[JEE-2001(S), 1/35]
TF I faerdl v ABq @ foly, 59a feraar owa (Ls) &1 $9a! faeiadn (S) & |1 |ay @ -
[JEE-2001(S), 1/35]
(A*) Ls =SP*a . pP. g9 (B)Ls=Sr. pd.qgP (C)Ls=SPa.pr.qd (D) Ls = SPa . (pg)r*a
Sol. (A) ApBg(s) =— pA*9+gB—>P
pS @S
Ls = (pS)P. (gS)4 = pp_qQ_S(p+Q)

N
J

2. A solution which is 102 M each in Mn2*, Fe?*, Zn?* and Hg?* is treated with 10-16 M sulphide ion. If Ksp
values of MnS, FeS, ZnS and HgS are 10715, 1023, 10-2° and 10-%* respectively, which one will
precipitate first ? [JEE-2003, 3/84]

U% fdea9 Mn?*, Fe?*, Zn2* @1 Hg?* 9% 9 103 M g | 9 faeas &1 10716 M Hebiss T & 91
Sy=atRa far S 8 | Af€ MnS, FeS, ZnS @1 HgS & Ksp @ 1M $HH3: 10715, 1023, 10720 g1 10754 &,

ST H F B AduH @efid g ? [JEE-2003, 3/84]
(A) FeS (B) MgS (C*) HgS (D) ZnS
Sol. Lesser the Ksp, earlier is the precipitation (if the formula type of precipitation & concentratios of various

precipitating ions is same).
Ksp 1 AF 1G9 HH 8T, S(9eue] a1 &l Usel sl | (I fF&U &1 ¥ YdR aon = saafia
B dTel SRS @ A=l |GHH ? ).

3. Solubility product constant (Ksp) of salts of types MX, MX2 and MsX at temperature T are 4.0 x 10-8, 3.2
x 1014 and 2.7 x 1075, respectively. Solubilities (in mol dm-23) of the salts at temperature T are in the
order : [JEE-2008, 3/163]
AU MX, MXz TT MsX & fdeiaal ohel ReRT®H (Ksp), TTUAT T TR HHA: 4.0 x 10-8, 3.2 x 10724 qa
2.7 x 10758 | AYAM T WR 90l &) fIeadm (mol dm—3#) &1 % 2 - [JEE-2008, 3/163]
(A) MX > MX2 > MsX ~ (B) MsX > MX2>MX  (C) MX2 > MsX > MX  (D*) MX > MsX > MXz2
Sol. MX MXz M3sX
s12=4x 1078 4s28 =3.2 x 10~ 27s3* =2.7 x 10715
s1=2x 10" s28=8x 1071 s3* = 10716
s2 =2 x 10°° s3 =10
= S1>S3>S2
= MX > MsX > MXz
4, In 1 L saturated solution of AgCl [Ksp(AgCl) = 1.6 x 10720], 0.1 mole of CuCl [Ksp(CuCl) = 1.0 x 1079] is

added. The resultant concentation of Ag* in the solution is 1.6 x 10~*. The value of "x" is :
[JEE-2011, 4/180]

AgCl [Ksp(AgCl) = 1.6 x 1010] & 1 &ilex dqw e # 0.1 A1 CuCl [Ksp(CuCl) = 1.0 x 10-6] fiarar

SITaT 2 | 39 faeras § Agt @1 gRem |rsdr 1.6 x 107 g1 X" &1 749 B - [JEE-2011, 4/180]
Ans. 7
Sol. AgCl(s) =— Ag* + CI Ksp(AgCl) = 1.6 x 1070
Z Z+Y
CuCl(s) = cCu* + CF Ksp(CuCl) = 106
Y Z+Y

Z(Z+Y)=16x107° anddel Y (Z+Y)=10%
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lonic Equilibrium (Advanced) ﬂ_

—  (Z+Y)2=1.6x1010+10°
—  (Z+Y)2~10°

= Z+Y =103

We know &9 SITFd &,

= Z(Z+Y)=1.6x1010
= Zx102%=1.6x 10710
= Z=16x107
= 1.6 x10*=1.6 x 10”7
= x=7
5. The Ksp of Ag2CrO4 is 1.1 x 10722 at 298 K. The solubility (in mol/L) of Ag2CrO4 in a 0.1 M AgNOs3
solution is [JEE (Advanced)-2013, 3/120]
Ksp (Ag2CrO4) &1 A1 298 K TR 1.1 X 1072 8 10.1 M AgNOz & faerel § AgoCrO, @1 faeraar Ardl/<fie
qe
(A) 1.1 x 1011 (B*¥) 1.1 x 10-10 (C) 1.1 x 1012 (D) 1.1 x 10°
Sol.  AgzCrOs4 == 2Ag* + CrO4*-
s
01+2s s
~ 0.1
1.1 x 102 = (0.1 s
s=1.1x 1010
6. The solubility of a salt of weak acid (AB) at pH 3 is Yx10=2 mol L-1. The value of Yis .
(Given that the value of solubility product of AB (Ksp) = 2x10-1° and the value of ionization constant of
HB (Ka) = 1x1078) [JEE(Advanced)-2018, 3/120]
pH 3 TR Gdd 371 (AB) & o1auT &I faoradt Yx103 mol L-2 8| Y& A9 __ ¥ |
(e =1 8 AB & fdeiaal Jomel &1 A (Ksp)=2x10-20 3R HB & 3mdd ReRi® &1 A (Ka)= 1x1079)
[JEE(Advanced)-2018, 3/120]
Ans. 447
Sol. AB =— A* + B-
solubility farerzrar X X X—y
2x1070=XxX(X=Y) e 1)
B- + H* : HB
x—y 1078 y
108 =— Y
(x-y)10~°
Y _10°
X=-y
x—-y=10%y ... (2
From (1) & (2)
(1) T2 (2) A
2x1010=x2-2x 10"
x2=2x10"5

X =/20x1073 = 4.47 x 108
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lonic Equilibrium (Advanced) ﬂ_

PART - Il : JEE (MAIN) (PREVIOUS YEARS)
AT - 1l : JEE (MAIN) (Bt adf) & we

JEE(MAIN) ONLINE PROBLEMS

1. Zirconium phosphate [Zr3(PO4)4] dissociates into three zirconium cations of charge +4 and four
phosphate anions of charge —3. If molar solubility of ziroconium phosphate is denoted by S and its
solubility product by Ksp then which of the following relationship between S and Ksp is correct ?

[JEE(Main) 2016 Online (19-04-14), 4/120]
ARSI BRBT [Zr3(PO4)4] AT SR +4 ae ufy dera & I SR e iR -3 ema

gfd: TR @ IR BRWE UARH <dl B It RPN BRpe @ dlok Jaadr &7 S 9 3R s9®
e oAwa B Ksp ¥ e 5 S @1 771 S9701 @ D141 S A1 Ksp 1 T Fe! q41 S ?

[JEE(Main) 2016 Online (19-04-14), 4/120]
(1) S = {KsP/(6912)V7} (2) S = {Ksp/144}1/7
(3*) S = {Ksp/6912}47 (4) S = {Ksr/6912}7
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lonic Equilibrium (Advanced) ﬂ—
IONIC EQUILIBRIUM-I

Bl Exercise-1 |

w Marked questions are recommended for Revision.

PART -1: SUBJECTIVE QUESTIONS

Section (A) : pH calculation : Solutions of polyprotic weak acids, Solutions of
Polyacidic weak bases

Commit to memory :

Solution of a polyprotic weak acid (HxA) : pH = %(p K, —1log C) [if a, < 0.1 or 10%] ; [Hx2A%] = Ka2

Solution of a polyprotic weak base (B) : pOH = % (p Kbl —log C)[if o, < 0.1 or 10%] ; [BHZ"] = Kb2

A-1= What is the pH of 0.01 M HaS solution ? Also determine [HS™] & [S#]. Given: For HzS, K, =9 x 1078,
Ka2: 1.2 x 10718,

A-2.=  Calculate the pH of 0.74 g/L aqueous solution of propane-1,2-diamine. Given : pK, &pK, for base is
4.18 & 7.39 respectively.

Section (B) : pH calculation : Solutions containing mixture of weak monoprotic acid and
strong acid, Solutions containing mixture of weak monoacidic base and strong base

Commit to memory :
Mixture of weak acid (monoprotic) and a strong acid: [H*], = C, (just not considering the H* ions from
WA).
Mixture of weak base (monoacidic) and a strong base: [OH-], = C, (just not considering the H* ions from
WB).

B-1.= Upon passing 0.01 mole HCI gas through 100 mL of 0.05 M Formic acid solution (Ka = 1.8 x 10,
determine change in pH of solution and [HCOO-] in resulting solution.

B-2.2w Determine pH & [NH4*] in a solution obtained by mixing equal volumes of 0.02 M KOH solution and 0.2
M NHs.H20 solution (Kb = 2 x 10-%). Also calculate % dissociation of NHs.H20 in the final solution.

Section (C) : pH calculation : Solutions containing mixture of weak acids, Solutions
containing mixture of weak bases

Commit to memory :
Mixture of two weak acids (both monoprotic) : [H*] = C.a, + C,0, = fC}lKa1 +C2Kaz
Mixture of two weak bases (both monoacidic) : [OH-] = C,a, + C,a,= y CiKp, +CoK,

C-1.=» Calculate [H*], [HCOO-] and [OCN-] in a solution that contains 0.1 M HCOOH (Ka = 2.4 x 10~*) and 0.1
M HOCN (Ka =4 x 1074).

Section (D) : pH calculation : Solutions containing mixture of weak polyprotic acid and
strong acid, Solutions containing mixture of weak Polyacidic base and strong base

Commit to memory :
Mixture of a polyprotic weak acid and a strong acid : [H*] = [H*] from SA
Mixture of a polyprotic weak base and a strong base : [OH-] = [OH"] from SB

D-1. What is [HS] & [S?] in solution of 0.01 M HCI and 0.1 M H2S ? (Given that for H2S : Ka, =107 and
Ka, = 1014)
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lonic Equilibrium (Advanced) ﬂ_

Section (E) : pH calculation : Solutions of salt of weak polyprotic acid and strong
base, Solutions of salt of weak Polyacidic base and strong acid, Solutions of
amphiprotic species.

Commit to memory :
Solution containing polyvalent anion (Ax") of weak polyprotic acid (H A) :

K, =Ko K H= L[oKk, +pK, +logC]
hl_Kaa C,p 2pw pax g

Solution containing polyvalent cation (BH ¥*) of weak polyprotic base (B) :

Kw Kh 1
=W . h= % pH= =[pK, -pK,, -logC
Ky, c P 5 [PKw - PKp, -logC]

Ky

K, +pK K, +pK
Solution containing amphiprotic anion of acid H A : pH(H_,A") = (%] pH(H _,A>) = [%]

E-1. Calculate the pH of 0.1 M NasA of solution (salt of a tribasic acid HzA). Assume only first step hydrolysis
to be significant. Given ; Kal K‘,j12 &Kanor HsA are 104, 10-7 & 10-° respectively.

E-2.  What is the pH of M/20 KHCgH4O4 solution ? Given : H2CsH4O4 is a dibasic acid with pK, & pK, as
2.94 & 5.44 respectively.

PART -1l : ONLY ONE OPTION CORRECT TYPE

Section (A) : pH calculation : Solutions of polyprotic weak acids, Solutions of
Polyacidic weak bases

Commit to memory :

Solution of a polyprotic weak acid (HxA) : pH = %(p K, —log C) [if a, <0.1 or 10%] ; [Hx2A*] = Ka,

Solution of a polyprotic weak base (B) : pOH = %(p Kbl —log C) [if o, < 0.1 or 10%] ; [BH>']= Kp,

A-1= K, of N2Ha is 4 x 10-%. Then, what is the acid dissociation constant of N2Hs* and N2He?* respectively ?

(A) data insufficient, 4 x 106 (B) data insufficient, 2.5 x 10-8
(C) 2.5 x 1079, data insufficient (D) 2.5 x 107°, 4 x 106

A-2. For ortho phosphoric acid,
H3PO4 (ag) + H20 (aq) — Hs3O* (aq) + H2PO, (aq) ;

H2PO4 (aqg) + H20 (agq) — H3O* (aq) + HPO? (aq) ;

a

a

HPO; ™ (aq) + H20 (agq) — HsO* (aq) + PO} (aq) ; K,
The correct order of Ka values is :
(A) Ka1> Ka2< Ka3 (B) Ka1< Ka2< Ka3 (C) Ka1> Kaz > Ka3 (D) Ka1< Kaz > Ka3

A-3.s  In a solution of 0.1 M HsPOa acid : (Given K, =107 K, =107,K, =107

Q) Concentration of HsPOa is :

(A) 0.01 M (B) 0.09 M (C) 0.05 M (D)0.1M
(i) Concentration of H2PO4~ is :

(A) 0.01 M (B) 0.09 M (C) 0.02 M (D) 0.04 M
(iii) Concentration of HPO42 is :

(A) 107 M (B) 108 M (C) 103M (D) 10“M
(iv) Concentration of PO43 is :

(A) 1020 M (B) 10-17 M (C) 10-15M (D) 102 M
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lonic Equilibrium (Advanced) ﬂ_

(v) pH of solution is :
(A1 (B)2 (C)4 (D)5
A-4.= Generally, in agueous solutions of weak polyacidic bases, OH- ions produced fron 2" ionisation are
negligible because of :
(A) Kp, << Kp,
(B) Common ion effect exerted by OH-ions produced from 15t ionisation.
(C) Both (A) & (B)
(D) None of these

Section (B) : pH calculation: Solutions containing mixture of weak monoprotic acid and
strong acid, Solutions containing mixture of weak monoacidic base and strong base

Commit to memory :
Mixture of weak acid (monoprotic) and a strong acid : [H*], = C, (just not considering the H* ions from
WA).
Mixture of weak base (monoacidic) and a strong base : [OH-], = C, (just not considering the H* ions
from WB).

B-1.x= The dissociation constant of acetic acid at a given temperature is 1.69 x 10-5. The degree of
dissociation of 0.01 M acetic acid in the presence of 0.01 M HCl is :
(A) 1.69 x 10”7 (B) 1.69 x 10-° (C)1.69 x 10-8 (D) 2.9 x 102

B-2.=a On adding 100 mL of 102 M NaOH solution to 100 mL of 0.01 M Triethyl amine solution
(Ko = 6.4 x 10-5), change in pH of solution with respect to triethylamine solution will be :

(A)-0.8 (B) + 0.8 ©)+1.1 (D)-11
B-3..w In above question, concentration of Triethyl ammonium ion ([CsNHu6']) in resulting solution will be :
(A) 100 Kb (B) 200 Ko (C) 10 Ko (D) Kb

Section (C) : pH calculation : Solutions containing mixture of weak acids, Solutions
containing mixture of weak bases

Commit to memory :
Mixture of two weak acids (both monoprotic) : [H*] = C,a, + C,0, = /C;lKa1 +C2Kaz
Mixture of two weak bases (both monoacidic) : [OH-] = C,a, + C,a,= ycle1 +CoKp,

C-1.= Consider an aqueous solution, 0.1 M each in HOCN, HCOOH, (COOH)2 and HzPO4. For HOCN, we
[H][OCN]
[HOCN]

(A) H* ions released by HOCN
(B) Sum of H* ions released by all monoprotic acids

(C) Sum of H* ions released only the first dissociation of all the acids.
(D) Overall H* ion concentration in the solution.

C-2.» What are [H*], [A7] and [B] in a solution that contains 0.03 M HA and 0.1 M HB. Ka for HA and HB are
3.0 x 104 and 1.0 x 10719 respectively.
(A)[H]=3x102M (B)[A7]=3x102M
(C)[B]=3.33x10°M (D) All of these

can write : Ka(HOCN) = . [H*] in this equation is :

C-3.» pH of a solution obtained by mixing equal volumes of 0.1 M Triethyl amine (Kb = 6.4 x 10-%) & 44—5M

NH4OH (Kb = 1.8 x 1075) will be :

(A) 11.3 (B) 10.3 (C)12.3 (D) 11.45
C-4. At 25°C, Kp for BOH = 1.0 x 10-2. A 0.01 M solution of BOH has what value of [OH"] ?
(A) 1.0 x 106 M (B) 2 x 107 M (C) 1.0 x 105 M (D) 2.0 x 105 M
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lonic Equilibrium (Advanced) ﬂ_

Section (D) : pH calculation : Solutions containing mixture of weak polyprotic acid and
strong acid, Solutions containing mixture of weak Polyacidic base and strong base

Commit to memory :
Mixture of a polyprotic weak acid and a strong acid : [H*] = [H*] from SA
Mixture of a polyprotic weak base and a strong base : [OH-] = [OH"] from SB

D-1.w For a solution obtained by mixing equal volumes of 0.02 M KOH solution & 0.2 M B (weak diacidic
base; K, =107 & K, =10-1%) solution :

(A) pH = 12 (B) [BH*] = 106 M (C) [BH*]=108M (D) All of these

Section (E) : Salt hydrolysis, pH calculation : Solutions of salt of monoprotic acid and
monoacidic base.

Commit to memory :

Salt of strong acid and weak base : K, x K, =K, ;h :%KC—“; pH :% [pPK,—PK,—log c] (valid if h < 0.1 or 10%)
. fK .
Salt of strong base and weak acid : K, x K, =K, ;h = ?“; pH :% [PK,+pK_ +log c] (valid if h < 0.1 or 10%)

Salt of weak acid and weak base : K, x K, x K, = K ; (%j =\ﬁh ; pH =% [PK,+pK, — pK,]

E-1.=. The pH of a solution obtained by mixing 100 mL of 0.2 M CH3COOH with 100 mL of 0.2 M NaOH would
be : (pKa for CHsCOOH = 4.74)
(A) 4.74 (B) 8.87 (C)9.10 (D) 8.57

Section (F) : pH calculation : Solutions of salt of weak polyprotic acid and strong base,
Solutions of salt of weak Polyacidic base and strong acid, Solutions of amphiprotic
species.

Commit to memory :
Solution containing polyvalent anion (A*") of weak polyprotic acid (H A) :

K Kh 1
Kh1 = KW v h= \?1 ;pH = E[pKw"'pKax +logC]

ax

Solution containing polyvalent cation (BH, ¥*) of weak polyprotic base (B) :

K :K_W-h: &-pH:E[pK —pK, —logC]
hy Kb ! C ) 2 w by,
y

Solution containing amphiprotic anion of acid H A :

K K K K

F-1. For a BH2Cl2 solution (chloride salt of a diacidic base B): (Dissociation constants of base are K, & K, )
K
at (©) K, = 2= ©) K, =

A) K, << K B) K, =
(A) Ky, hy (B) Ky, K, K, "

w

F-2. Select the correct statement regarding above solution :
(A) Anion will undergo hydrolysis producing OH- & solution is expected to be basic.
(B) Anion will not undergo hydrolysis & solution is expected to be basic.
(C) Cation will undergo hydrolysis producing HzO* & solution is expected to be acidic.
(D) Cation will undergo hydrolysis producing OH- & solution is expected to be acidic.
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lonic Equilibrium (Advanced) ﬂ_
F-3.= pHof 0.1 M NazHPO4 and 0.2 M NaH2PO4 are respectively: (pKa for HsPOa4 are 2.2, 7.2 and 12)

(A)4.7,9.6 (B) 9.6, 4.7 (C)9.3,44 (D) 4.4,9.3
F-4. The pH of which salt solution is independent of its concentration ?

1. (CH3COO)CsHsNH 2. NaH2PO4 3. NazHPO4 4. NH4CN

A)1,23,4 B)1,4 (©) 2,3 (D)1,2,3

Bl Exercise-2

= Marked questions are recommended for Revision.

PART -1: ONLY ONE OPTION CORRECT TYPE

1. In a solution obtained by mixing 100 mL of 0.25 M Triethylamine (Kb = 6.4 x 10-%) & 400 mL of % NHa4
OH (Kb =1.8 x 1075) :
(A) [NHs*] =4 x 10*M (B) [CeNH16*] = 1.6 x 102 M
(C) Both (A) & (B) (D) None of these
2. Ratio of [HA%]in 1 L of 0.1 M HsA solution (K, = 10-%; K, = 10® & K, = 10-*') & upon addition of 0.1
mole HCI to it will be :
(A) 10 (B) 100 (C) 1000 (D) 10,000
3. Calculate the degree of hydrolysis and pH of 0.005 M K2CrOa. Ka, = 5 x 1077 for H2CrOa. (It is
essentially strong for first ionization)
(A)h=2x 1073 (B) h=0.01 (C)pH=5 (D) pH =9.7
PART - 1l : SINGLE AND DOUBLE VALUE INTEGER TYPE
1. For a solution of weak triprotic acid HsA (K, >> K, . K, i K, = 107% K, = 107%), [A%] = 107" M.

Determine pH of solution. Report your answer as ‘0’, if you find data insufficient.

2.»  Calculate [H*] in a 0.2 M solution of dichloroacetic acid (Ka = 5 x 10-?) that also contains 0.05 M H2SOa.
Report your answer after multiplying it by 400.

KRN Calculate the ratio of concentrations of HCOO- & OCN- ions in a solution containing 0.1 M HCOOH
(Ka=1.8x10") and 0.1 M HOCN (Ka = 4x10-%). If simplest ratio is a : b, report your answer as (a + b).

4, In a solution containing 0.01 M HCI and 0.1 M H2COgs, ratio of [H*] produced from strong acid & weak
acid respectively is: 1. Report your answer as x/500. Given: K, &K, of H2COs are 4 x 107 & 4 x 107!
respectively.

5. Calculate the change in pH of 0.1 M NazHA solution after diluting it to ten times the original volume.
(Given that for HsA : K, =107, K, =107, K, =10")

6. What is the pOH of a 0.5 M NasPO4 solution ? Report your answer as 10 x pOH.
(Kalz 7.5 x 1078, Kg, = 6.2 % 1078, Kg, =4 X 10713)

PART - Il : ONE OR MORE THAN ONE OPTIONS CORRECT TYPE

1. If K,, and K, of H2SO4 are 102 and 10-° respectively at a certain temperature, then :
(A) K, > K,, because itis easy to abstract H* from H2SO. and less easy to abstract H* from HSO4~.
(B) K,, and K, may be measured in acetic acid.
(C) K,, and K, are measured in H20.
(D) the H* ion conc. of 0.01 M H2SO4 will be less than 0.02 M.
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lonic Equilibrium (Advanced) ﬂ_

2. When 0.1 mole solid NaOH is added in 1 L of 0.1 M NHz(aq) (Ko = 2 x 107°), then select the correct
statement(s) :
(A) degree of dissociation of NHs approaches to zero.
(B) change in pH by adding NaOH would be 1.85.
(C) In solution, [Na*] = 0.1 M, [NH3] = 0.1 M, [OH] = 0.2 M.
(D) on addition of OH-, Ky of NH3 does not changes.

3. Which of the following solutions when added to 1L of a 0.01 M CH3sCOOH solution will cause no change
in the degree of dissociation of CHsCOOH and pH of the solution ? Ka = 1.6 x 105 for CHsCOOH?
(A) 0.6 MM HCOOH (Ka =8 x 1074 (B) 0.1 M CH3COONa
(C) 0.4 mM HCI (D) 0.01 M CHsCOOH

Bl Exercise-3 |
* Marked questions may have more than one correct option.

PART - | : JEE (ADVANCED) / IT-JEE PROBLEMS (PREVIOUS YEARS)

1. Will the pH of water be same at 4°C and 25°C ? Explain. [JEE-2003, 2/60]

2. A weak acid HX at 25°C has the dissociation constant 1 x 10-5. It forms a salt NaX on reaction with
caustic soda. The percentage hydrolysis of 0.1 M solution of NaX is : [JEE-2004(S), 3/84]
(A) 0.0001% (B) 0.01 % (C)0.1% (D) 0.15 %

3. The dissociation constant of a substituted benzoic acid at 25°C is 1.0 x 10—*. The pH of 0.01 M solution
of its sodium salt is : [JEE-2009, 4/160]

4, The total number of diprotic acids among the following is : [JEE 2010, 3/163]
H3PO4 H2SO04 HsPO3 H2CO3 H2S207
HsBO3 HsPO:2 H2CrOa4 H2S0s

5. Amongst the following, the total number of compounds whose aqueous solution turns red litmus paper
blue is : [JEE-2010, 3/163]
KCN K2S04 (NH4)2C204 NaCl Zn(NO3):2
FeCls K2CO3 NH4NOs3 LiCN

PART - Il : JEE (MAIN) (PREVIOUS YEARS)

JEE(MAIN) OFFLINE PROBLEMS

1. In aqueous solution, the ionization constants for carbonic acid are : [AIEEE-2010, 4/144]
Ki1=4.2x 107 and K2 = 4.8 x 10-1¢
Select the correct statement for a saturated 0.034 M solution of the carbonic acid.
(1) The concentration of CO3z? is 0.034 M.
(2) The concentration of CO3?" is greater than that of HCOs~.
(3) The concentration of H* and HCOs~ are approximately equal.
(4) The concentration of H* is double that of COz?~.

2. An aqueous solution contains 0.10 M H2S and 0.20 M HCI. If the equilibrium constant for the formation
of HS~ from H2S is 1.0 x 107 and that of S?- from HS- ions is 1.2 x 1012 then the concentration of S?-
ions in aqueous solution is : [JEE(Main)-2018, 4/120]
(1) 6 x 1021 (2) 5% 1071 (3)5x 108 (4) 3 x 1020
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EXERCISE -1

PART -1
A-1. pH=452,3%x10°M, 1.2 x 103 M A-2. 10.91
B-1. -1.52,9x10° M. B-2. 12,2x10%M,0.2%

C-1. [HY]=8x103M, [HCOO] =3 x 10-*M, [OCN-] =5 x 103 M

D-1. 10°M, 1018 M E-1. 11 E-2. pH=4.19
PART -1l
A-1l.  (C) A-2.  (C) A-3. () (B) (i) (A (Gii) (A (v) (B) () (B)
A-4. (C) B-1. (C) B-2. (B) B-3. (D) c-1. (D)
c-2. (D) c-3. (A c-4. (B) D-1. (D) E-1. (B)
F-1.  (C) F-2.  (C) F-3. (B F-4. (A
EXERCISE - 2
PART -1
1. (C) 2, (D) 3. A)
PART -1l
1. 4 2. 60 3. 29 (actual answer =9 : 20) 4, 5
5 0 6. 10
PART - 11l
1. (ABD) 2. (ABD) 3. (ACD)
EXERCISE - 3
PART —|
1. It will not be same at two different temperatures.
2. (B) 3. 8 4. 6 5. 3
PART -l

JEE(MAIN) OFFLINE PROBLEMS

1. (3) 2. (4)
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lonic Equilibrium (Advanced) ﬂ—
IONIC EQUILIBRIUM-II

Bl Exercise-1 |

w Marked questions are recommended for Revision.

PART -1 : SUBJECTIVE QUESTIONS

Section (A) : pH calculation : Buffer solutions generated from Polybasic acid /
Polyacidic base, Buffer capacity

Commit to memory :
pH calculation : Buffer solutions generated from Polybasic acid (HnX) :
- 2—
(i) HnX + HnaX- i pH = pK, + IogM (il) H1X~ + Hn2X?~: pH = pK, + |OQM
! [HaX] 2 [H,_1X]
[X"]
(-1)- 4 Xn- - = e 4
(i) HX + X" pH pKan + log X
Buffer capacity : Moles of a strong acid or strong base required to change the pH of 1 L of a buffer by
one unit.
Let there be a buffer solution of volume 1 L with ‘b’ mole of anion (coming from salt) and ‘a’ mole of
weak acid.
C.=—9X =3930 =X) ;55 a0
dApH +b a+b
Condition for maximum buffer capacity : [Acid] = [Anion of salt]

A-1.  An enviromental chemist needs a carbonate buffer of pH 10 to study the effects of the acidification of
limestone—rich soils. How many grams of Na2COs must be added to 1.5 L of freshly prepared 0.2 M
NaHCOs to make the buffer ? For H.COs, K, =4.7 x 107", K, =4.7 x 10*%.

a

Section (B) : pH calculation : Monobasic acid - Monoacidic base Titrations

Commit to memory :
pH calculation : Monobasic acid-Monoacidic base Titrations :
Carry out chemical reaction between the two components, apply mole concept, observe the final
composition of the mixture and then calculate pH accordingly (using different cases dealt in lonic
Equilibrium-I).
In titration of WA by SB :

. . X
At half equivalence point : pH = pKa ; pHx % neutralisation = pKa + 100 —x

In titration of WB and SA :

At half equivalence point : pOH = pKbp ; pPOHx % neutratisation = pKb + 100 —x

B-1.  Calculate pH of the following mixtures. Given : Ka of CHsCOOH = 2 x 10-® and Kb of NH4OH = 2 x 10-5.
(a) 50 mL of 0.10 M NaOH + 50 mL of 0.10 M HCI.
(b) 50 mL of 0.10 M NaOH + 50 mL of 0.05 M CHsCOOH.
(c) 50 mL of 0.05 M NaOH + 50 mL of 0.10 M CHzCOOH.
(d) 50 mL of 0.10 M NH4OH + 50 mL of 0.05 M HCI.
(e) 50 mL of 0.10 M NH4OH + 50 mL of 0.10 M HCI.
(f) 50 mL of 0.05 M NH4OH + 50 mL of 0.05 M CHsCOOH.

B-2. 0.1 M CHsCOOH solution is titrated against 0.05 M NaOH solution. Calculate pH at 1/4th and 3/4th
stages of neutralization of acid. Given : pH of 0.1 M CH3COOH solution is 3.
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lonic Equilibrium (Advanced) ﬂ_

Section (C) : pH calculation : Titration of Salts, Polyprotic acid, Polyacidic base

Commit to memory :

pH calculation : Titration of Polyprotic acid, Polyacidic base :

Carry out chemical reaction between the two components, apply mole concept, observe the final
composition of the mixture and then calculate pH accordingly (using different cases dealt in lonic
Equilibrium-1).

In titration of HaX by strong base :

At half equivalence point w.r.t 15t neutralisation : pH = p Kal;

: : e PRy, +pKy
At equivalence point w.r.t 15t neutralisation : pH = — 5
At half equivalence point w.r.t 2" neutralisation : pH = pKaz ;

. : J o _ PKy, +PKg,
At equivalence point w.r.t 2" neutralisation : pH = Ea—

. . L 1
At equivalence point w.r.t last neutralisation : pH = E(pKW +pK,, +1ogC) .

In titration of Polyacidic base B by strong acid :
At half equivalence point w.r.t 15t neutralisation : pOH = p Kbl;
. . - _ PKp, +PK;,
At equivalence point w.r.t 1st neutralisation : pOH = 5
At half equivalence point w.r.t 2" neutralisation : pOH = p sz ;
PKp, +PKy,

At equivalence point w.r.t 2" neutralisation : pH = T;

At equivalence point w.r.t last neutralisation : pH = %(pKW —pK, —logC).

C-1.

C-2.

50 mL of 0.05 M Propane-1,2-diamine solution is titrated with 0.1 M HCI solution at 25°C. Determine the
pH of solutions obtained by adding following volumes of HCI solution :

(a) 12.5 mL (b) 25 mL (c) 30 mL

Given: p Kbl and p sz of weak base are 4.18 and 7.39 respectively.

Determine the [H*] at half-equivalence point and pH at equivalence point during the titration of a 50 mL,
0.1 M NHa4CI solution with 0.1 M NaOH solution at 25°C. Given : Ky of NHz = 2 x 1075,

PART -1l : ONLY ONE OPTION CORRECT TYPE

Section (A) : pH calculation : Buffer solutions generated from Polybasic acid /

Polyacidic base, Buffer capacity

Commit to memory :

pH calculation : Buffer solutions generated from Polybasic acid (HnX) :

- 20—
(i) HoX + Hn1X™ 1 pH = pK, +log —[l_;r|‘_|‘1)):] ] (ii) Hn-1X~ + Hn2X?": pH = pK,  +log —[;"n—zx ]]
n Hn_1X_
(i) HX(D-+ Xn-: pH = pK, + log X7
’ an [Hx(n—1)—]

Buffer capacity : Moles of a strong acid or strong base required to change the pH of 1 L of a buffer by
one unit.

/\
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lonic Equilibrium (Advanced) ﬂ_

Let there be a buffer solution of volume 1 L with ‘b’ mole of anion (coming from salt) and ‘a’ mole of

weak acid.
c.= X _5303@FX0=X) 54580
dApH +b a+h

Condition for maximum buffer capacity : [Acid] = [Anion of salt]

A-1.  The pH of a solution resulting from the addition of 12.5 ml of 0.1 M HCI to 50 ml of a solution containing
0.15 M CH3COOH & 0.2 M CH3COONa will be : (Given : pKa of CH3COOH= 4.74)
(A) 4.74 (B) <4.74 (C)>4.74 (D) >9.26

A-2.  What % of the carbon in the H:.CO3z — HCO3s~ buffer should be in the form of HCO3s-, so as to have a
neutral solution ? (Kal of H2COs=4 x 1077)
(A) 20 % (B) 40 % (C) 60 % (D) 80%

A-3.= Buffer capacity of a buffer solution is x. The volume of 1 M NaOH solution added to 100 mL of this

solution if change the pH by 1 is :
(A) 0.1 xmL (B) 10 x mL (C) 100 x mL (D) x mL

Section (B) : pH calculation : Monobasic acid - Monoacidic base Titrations

Commit to memory :
pH calculation : Monobasic acid - Monoacidic base Titrations :
Carry out chemical reaction between the two components, apply mole concept, observe the final
composition of the mixture and then calculate pH accordingly (using different cases dealt in lonic
Equilibrium-I).
In titration of WA by SB :

At half equivalence point : pH = pKa ; pHx % neutralisation = pKa + 100 —x

In titration of WB and SA :

At half equivalence point : pOH = pKb ; pPOHx % neutraiisation = PKb + 100 —x

B-1.  Upon titrating 50 mL of 1.96% (w/v) H2SO4 with a KOH solution (containing 11.2 g KOH per litre of
solution), on adding 50 mL KOH solution :
(A) Equivalence point has been just reached. (B) Equivalence point has been crossed.
(C) pH of resulting solution = 1 (D) pH of resulting solution = 7

B-2.w 100 mL of 0.02 M benzoic acid (pKa = 4.2) is titrated using 0.02 M NaOH. pH after 50 mL and
100 mL of NaOH have been added are :

(A)2.1,8.1 (B)4.2,7 (C)4.2,8.1 (D) 4.2, 8.25

B-3. In the above question, upon 75% neutralisation of Benzoic acid, select the INCORRECT statement :
(A) Resulting solution will be a buffer solution. (B) pH =4.2 +log 3
(C) Both (A) & (B) (D) None of these

B-4.  Which of the following solutions have different pH ?
(i) 200 mL of 0.2 M HCI + 100 mL of 0.4 M NH3
(ii) 50 mL of 0.1 M HCI + 50 mL of 0.2 M NHs
(iii) 100 mL of 0.3 M HCI + 100 mL of 0.6 M NH3
(A) i &ii (B) ii & i (C)i &iii (D) All will have same pH.
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lonic Equilibrium (Advanced) ﬂ_

B-5.  Upon titrating a solution of weak monoprotic acid with a weak monoacidic base solution, at equivalence
point :
(A) pH in general would increase if both solutions are first diluted to 10 times the original volume & then
titration is carried out.
(B) pH in general would decrease if both solutions are first diluted to 10 times the original volume &
then titration is carried out.
(C) pH in general would remain same (= 7) if both solutions are first diluted to 10 times the original
volume & then titration is carried out.
(D) pH in general could be less than, greater than or equal to 7 if both solutions are first diluted to 10
times the original volume & then titration is carried out.

Section (C) : pH calculation : Titration of Salts, Polyprotic acid, Polyacidic base

Commit to memory :
pH calculation : Titration of Polyprotic acid, Polyacidic base :
Carry out chemical reaction between the two components, apply mole concept, observe the final
composition of the mixture and then calculate pH accordingly (using different cases dealt in lonic
Equilibrium-1).
In titration of HnX by strong base :
At half equivalence point w.r.t 15t neutralisation : pH = p Kal;

: : o PR, PRy
At equivalence point w.r.t 15t neutralisation : pH = R
At half equivalence point w.r.t 2" neutralisation : pH = p Kaz ;

| | ) M PK,, +PK,,
At equivalence point w.r.t 2" neutralisation : pH = f;

. . . 1
At equivalence point w.r.t last neutralisation : pH = E(pKW +pK,, +1ogC) .

In titration of Polyacidic base B by strong acid:
At half equivalence point w.r.t 15t neutralisation : pOH = p Kbl;

. . o _ PKyp, +PKy,
At equivalence point w.r.t 15t neutralisation : pOH = — >
At half equivalence point w.r.t 2" neutralisation : pOH = p sz ;

. : o PKp, +PKy,
At equivalence point w.r.t 2" neutralisation : pH = — 5

At equivalence point w.r.t last neutralisation : pH = %(pKW —pKp, —logC).

C-1.  The total number of different kind of buffers obtained during the titration of HzPO4 with NaOH are :
(A) 3 (B) 1 (C)2 (D) Zero

C-2 Upon titration a solution of Ethylene diamine (Kb1 =8x107°; Ky, = 2.7x10’8) with HCI solution, pH

value of solution at Ist equivalence point depends upon :
(A) Initial concentration of weak base solution  (B) Initial concentration of strong acid solution
(C) Both (A) & (B) (D) None of these

C-3. What will be the pH at the equivalence point during the titration of a 100 mL 0.2 M solution of
CHsCOONa with 0.2 M solution of HCI ? Ka = 2 x 1075,

(A) 3 —log~2 (B) 3 + log 2 (C)3-1log 2 (D) 3 + log 2
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Bl Exercise-2 |

= Marked questions are recommended for Revision.

PART -1: SINGLE AND DOUBLE VALUE INTEGER TYPE

1x 15 mL sample of 0.15 M NHs(aq) is titrated against 0.1M HCl(aqg). What is the pH at the end point ? Ko
of NHz(aq) = 1.8 x 10-°. Report the answer rounding it off to the nearest whole number.

2x» A 0.252 g sample of unknown organic base is dissolved in water and titrated with a 0.14 M HCI solution.
After the addition of 20 mL of acid, a pH of 10.7 is recorded. The equivalence point is reached when a
total of 40 mL of HCl is added. If the base and acid combine in a 1 : 1 molar ratio, then 'a’' g is the
molar mass of the organic base and 'b' is the ionisation constant of base. Report your answer as

_a
1000b |

PART - Il : ONE OR MORE THAN ONE OPTIONS CORRECT TYPE

1. Aniline behaves as a weak base. When 0.1 M, 50 mL solution sample of aniline was mixed with 0.2 M,
12.5 mL solution of HCI, the pH of resulting solution was 8. Then :
(A) pH of 0.01 M solution of anilinium chloride is 5.
(B) pH of original solution of aniline is 3.5.
(C) Upon adding the same aniline sample to the above mixture, pH of resulting solution becomes 8.48.
(D) Upon adding the same HCI sample to the above mixture, pH of resulting solution becomes 4.59.

2. Which of the following mixtures will act as buffer ?
(A) H2CO3 + NaOH (1.5 : 1 molar ratio) (B) H2COs3 + NaOH (1.5 : 2 molar ratio)
(C) NH4OH + HCI (5 : 4 molar ratio) (D) NH40OH + HCI (4 : 5 molar ratio)

KRN Titration curves for 0.1M solutions of three weak acids HA1, HA2 and HAs with ionization constants Kz,
K2 and Kz respectively with a strong base are plotted as shown in the figure. Which of the following
options is/are true ?

12-
107
pH 87
6- K3
4 K,
K,
2_

Volume of strong base added
(A) K2 = (K1 + K3)/2 (B) pK1< pKs (C) K1 > Kz (D) K2 > Ks
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lonic Equilibrium (Advanced) ﬂ_

PART - Ill : COMPREHENSION

Read the following passage carefully and answer the questions.

Comprehension # 1
[Base]

The pH of basic buffer mixtures is given by : pH = pKa + log [Salt]
a

, Whereas pH of acidic buffer

[Salt]
91Acid

mixtures is given by : pH = pKa + lo . Addition of little acid or base although shows no

[Base] for [Salt]

appreciable change in pH for all practical purposes, but since the ratio — changes, a
[Salt] [Acid]
slight decrease or increase in pH results.
1. A solution containing 0.2 mole of dichloroacetic acid (Ka = 5 x 102 and 0.1 mole sodium
dichloroacetate in one litre solution has [H*] :
(A) 0.05 M (B) 0.025 M (©)0.10M (D) 0.005 M

2.3 The volume of 0.2 M NaOH needed to prepare a buffer of pH 4.74 with 50 mL of 0.2 M acetic acid is :
(pKb of CH3COO- = 9.26)

(A) 50 mL (B) 25 mL (C) 20 mL (D) 10 mL

3. The ratio of pH of solution (I) containing 1 mole of CH3COONa and 1 mole of HCI and solution (I1)
containing 1 mole of CHsCOONa and 1 mole of acetic acid in one litre is :
A)1:2 B)2:1 (©)1:3 (D) 3:1

Comprehension # 2
Phosphoric acid ionizes according to the following equations :

HsPOs(agq) <=— H* (aq) + H2PO4 (aq) ; Ki=7x 1073
H:POs(aq) =— H*(aq) + HPO42 (aq) ; K2=6x 108
HPOs(aq) =— H*(aq)+ PO+ (aq) ; Ks=4.5x 10713
4, If you are asked to prepare a buffer with a pH = 7.00, what may be the molar ratio of the species that
should be used in the solution ?
(A) 0.6 (B) 0.8 (C)2 (D) 4
5. Assume 50 mL of the buffer prepared in the previous part is available in which more abundant species
has a concentration of 0.1 M. If to this solution, 20 mL 0.1 M NaOH is added further, what will be the
new pH ?
(A) 6.56 (B) 7.44
(C)7.78 (D) Same as before as it's a buffer

* Marked questions may have more than one correct option.

~
J

PART -1 : JEE (ADVANCED) / lIT-JEE PROBLEMS (PREVIOUS YEARS)

1. 500 ml of 0.2 M aqueous solution of acetic acid is mixed with 500 mL of 0.2 M HCI at 25°C.
(a) Calculate the degree of dissociation of acetic acid in the resulting solution and pH of the solution.
(b) If 6 g of NaOH is added to the above solution, determine final pH. Assume there is no change in

volume on mixing. Ka of acetic acid is 1.75 x 10-5. [JEE-2002, 5/60]

2. 0.1 M NaOH is titrated with 0.1 M HA till the end point. Ka for HA is 5.6 x 10~ and degree of hydrolysis
is less compared to 1. Calculate pH of the resulting solution at the end point. [JEE-2004, 2/60]

3. 0.1 mole of CH3sNH2 (Kb = 5 x 10~%) is mixed with 0.08 mole of HCI and diluted to one litre. What will be
the H* concentration in the solution ? [JEE-2005, 3/84]
(A)8x102M (B) 8 x 10°1* M (C)1.6x101 M (D)8 x 105 M
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4, 2.5 mL of %M weak monoacidic base (Kb = 1 x 1012 at 25°C) is titrated with % M HCI in water at
25°C. The concentration of H* at equivalence pointis : (Kw= 1 x 10~ at 25°C) [JEE-2008, 3/163]
(A) 3.7 x 1014 M (B)3.2x 107 M (C)3.2x 102 M (D) 2.7 x 102 M

5.* Agueous solutions of HNO3, KOH, CH3COOH and CHsCOONa of identical concentrations are provided.
The pair(s) of solutions which form a buffer upon mixing is (are) : [JEE-2010, 3/163]
(A) HNOs and CH3COOH (B) KOH and CH3sCOONa
(C) HNO3 and CH3COONa (D) CH3COOH and CH3COONa

Comprehension #

When 100 mL of 1.0 M HCI was mixed with 100 mL of 1.0 M NaOH in an insulated beaker at constant
pressure, a temperature increase of 5.7°C was measured for the beaker and its contents (Expt. 1).
Because the enthalpy of neutralization of a strong acid with a strong base is a constant (-57.0 kJ
mol?), this experiment could be used to measure the calorimeter constant. In a second experiment
(Expt. 2), 100 mL of 2.0 M acetic acid (K, = 2.0 x 10-°) was mixed with 100 mL of 1.0 M NaOH (under
identical conditions to Expt. 1) where a temperature rise of 5.6°C was measured.

(Consider heat capacity of all solutions as 4.2 J g~ K- and density of all solutions as 1.0 g mL™?)

6. Enthalpy of dissociation (in kJ mol~?) of acetic acid obtained from the Expt. 2 is :
[JEE (Advance)2015, 4/168]
(A) 1.0 (B) 10.0 (C) 245 (D) 51.4
7. The pH of the solution after Expt. 2 is [JEE (Advance)2015, 4/168]
(A) 2.8 (B) 4.7 (C)5.0 (D) 7.0
8. Dilution processes of different aqueous solutions, with water, are given in LIST-I. The effects of dilution

of the solution on [H*] are given in LIST-II.
(Note : degree of dissociation (o) of weak acid and weak base is <<1; degree of hydrolysis of salt <<1;

[H*] represents the concentration of H* ions) [JEE (Advance)2018, 3/120]
LIST-I LIST-II

(P) (10 mL of 0.1 M NaOH + 20 mL of (1) the value of [H*] does not change

0.1 M acetic acid) diluted to 60 mL on dilution

(Q) (20 mL of 0.1 M NaOH + 20 mL of (2) the value of [H*] changes to half of

0.1 M acetic acid) diluted to 80 mL its initial value on dilution

(R) (20 mL of 0.2 M HCI + 20 mL of (3) the value of [H*] changes to two

0.1 M ammonia solution) diluted to 80 mL times of its initial value on dilution

(S) 10 mL saturated solution of Ni(OH)2 in (4) the value of [H*] changes to %

equilibrium with excess solid Ni(OH)z2 is times of its initial value on dilution

diluted to 20 mL (solid Ni(OH)z is still
present after dilution).

(5) the value of [H*] changes to \ﬁ

times of its initial value on dilution
Match each process given in LIST-1 with one or more effect(s) in LIST-II. the correct option is
AP>4;Q>2;R>3;S>1 B)P->4;Q>3;R>2;5S->3
CP>1;Q>4;R>5;S>3 DOD)P>1;Q>5;R>4;S->1

PART - Il : JEE (MAIN) (PREVIOUS YEARS)

JEE(MAIN) OFFLINE PROBLEMS

1. An alkali is titrated against an acid with methyl orange as indictor, which of the following is a correct
combination? [JEE(Main)-2018, 4/120]
Base Acid End point
(1) Weak Strong Yellow to pinkish red
(2) Strong Strong Pink to colourless
(3) Weak Strong Colourless to pink
(4) Strong Strong Pinkish red to yellow
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EXERCISE - 1
PART - |
A-l. K A-2.  15gNaCOs B-1. @7, (b)12.4, (c)4.7, (d)9.3, ()53, (H7
B-2. 4.52,5.48 C-1. (a)9.82 (b) 8.215 (c)7.21 C-2. 5x10M;11
PART - Il
A-1. (A A-2. (D) A-3. (O B-1. (C) B-2. (C)
B-3. (D) B-4. (D) B-5. (D) c-1 (A C-2 (D)
cC3. A
EXERCISE - 2
PART - |
1. 5 (exact answer = 5.24) 2. 90 (@a=45&b=5x10"
PART - Il
1. (ACD) 2. (ABC) 3. (BCD)
PART - llI
1. (A) 2. (B) 3. (A) 4, (A) 5. (B)
EXERCISE - 3
PART - |
. (a) 0.0175%, 1 (b) 4.757 2. 8.98~9 3. (B) 4, (D)
5.* (CD) 6. (A) 7. (B) 8. (D)
PART - Il
JEE(MAIN) OFFLINE PROBLEMS
1. Q)
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IONIC EQUILIBRIUM-III

Bl Exercise-1 |

w Marked questions are recommended for Revision.

PART -1: SUBJECTIVE QUESTIONS

Section (A) : Solubility, Solubility product and Simple solubility calculations

Commit to memory :
Solubility (s; in mol/L) of a sparingly soluble salt AxBy : Ksp = X*.yY.(s)**Y

A-1.  Although it is a violent poison if swallowed, Mercury(ll) cyanide Hg(CN)2, has been used as a typical
skin antiseptic. (Ksp of Hg(CN)2 = 1.35 x 10-23, Atomic mass of Hg = 200 u). Assume no ion to be
undergoing hydrolysis.

(a) What is the molar solubility of this salt in pure water ?
(b) How many milligrams of Hg(CN)2 dissolve per litre of pure water ?
(c) How many milliliters of water are required to dissolve 1.134 g of the salt ?

A-2. How many milligrams of gold(III) ion are there per litre of solution in a saturated aqueous solution of
gold (III) iodide ? Auls(s) = Au®*(aq) + 3l-(aq). Ksp of Auls= 2.7 x 10-47, atomic mass of Au = 197 u.
Assume no hydrolysis of Aus* ion.

Section (B) : Condition for precipitation, Common ion effect on solubility

Commit to memory :
Condition for precipitation of AxBy : lonic product or Kip > Ksp ; [AY*]X [BX]Y > Ksp Of AxBy
Common ion effect on solubility : Solubility (s") of AxBy (sparingly soluble ; Ksp) in a solution of 'c' M
ApDq/EBp (both readily soluble) : (pc)*(ys')Y = Ksp ; s' = .....

B-1. What can be the maximum concentration of equimolar solutions of ferrous sulphate (FeSO4) and
sodium sulphide (NazS), so that when mixed in equal volumes, there is no precipitation of iron sulphide
(FeS) ? (For iron sulphide, Ksp = 6.25 x 10-18) Assume no ion to be undergoing hydrolysis.

B-2..w Calculate the solubility of silver phosphate (AgsPOa4) in mg/mL (a) in pure water and (b) in a solution
that is 0.03 M in AgNOs. [Ksp(AgsPOa4) = 2.7 x 10-2%]. Assume no ion to be undergoing hydrolysis.
Atomic mass of Ag = 108 u.

Section (C) : Simultaneous Solubility, Complex Formation

Commit to memory :
Simultaneous solubility (s1 & s2) of AxBy & AxCy (both sparingly soluble) :

Kp(AB)) _ B ] _ (ys) _ [g ]
Ko(AL)) [C7T (ys)) (s,

Further, (xs1 + xs2)* (ys1)Y = Ksp(AxBy) & (XS2 + xS1)* (yS2)Y = Ksp(AxCy). Put s1 in terms of sz from eq.1 in

eq.2 or eq.3 to obtain sz & then obtain sa.

Complex formation : Upon mixing M™ & L and analyzing the reaction M™ + XL —— [MLx]"™* through

chemical equilibrium (assuming M™ to be completely consumed), concentrations of L and [MLx]"* can

be obtained. When they are put in expression of K¢, [M™]eq can be obtained.

C-1.» Calculate the simultaneous solubility of AgCl and Agl. Assume no hydrolysis of Ag* ion.
Ksp (AgCl) =1 x 10719, Ksp (Ag') =8.5x 10"

C-2.  On passing 1 mole NHs gas through 1 L of 0.2 M CuSOs solution, determine [Cu?*] in the resulting
solution. Given : K of [Cu(NHz)4]?* = 2 x 10*3. Assume no hydrolysis of Cu?* ion.
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lonic Equilibrium (Advanced) ﬂ—
Section (D) : Selective Precipitation, Solubility exchange

Commit to memory :
Selective precipitation: On gradually adding A B (s ; readily soluble) to a solution containing C,M X*-
& CM Y%

Ko, (A, X Kep (A, Y,
[Aq+] req. for A Xq pptn = w L‘qu) : [Aq+] req. for A Yq pptn =, sp( z q)
W - —q
(€) (C2)

Minimum value of [A9*] req. will tell which salt will precipitate first.
Solubility exchange: Upon treating a solution of C D, / C D, (s) (readily soluble) with A B (s) / saturated

solution of A B (sparingly soluble) such that some A B, gets converted to A D (sparingly soluble), then :

XI/KSp(AxBy) — pl/Ksp(Apr)
By | DU

D-1.= A solution which is 0.1 M in Nal and also 0.1 M in Naz:SOs is treated with solid Pb(NOs).. Which
compound, Pblz or PbSO4, will precipitate first ? What is the concentration of anion of the least soluble
compound when the more soluble one starts precipitating ? Ksp(Pbl2) = 9 x 10-°, Ksp(PbSO4) = 1.8 x 1078,
Assume no hydrolysis of Pb2* ion.

D-2.w 0.1 mole AgCI(s) is added to 1 litre H20. Next, crystals of NaBr are added until 75% of the AgCl is
converted to AgBr(s), the less soluble silver halide. What is [Br7] in the resulting solution ? Ksp of AgCl is
1.75 x 1071° and Ksp of AgBr is 5.25 x 10-13. Assume no hydrolysis of Ag* ion.

PART -1l : ONLY ONE OPTION CORRECT TYPE

Section (A) : Condition for precipitation, Common ion effect on solubility

Commit to memory :
Condition for precipitation of AxBy : lonic product or Kip > Ksp ; [AY*]* [B*]Y > Ksp Of AxBy
Common ion effect on solubility : Solubility (s") of AxBy (sparingly soluble; Ksp) in a solution of 'c' M
ApD4/EBp (both readily soluble) : (pc)*(ys')Y = Ksp; S' = .....

A-1.  What is the minimum pH at which Mg(OH). starts precipitating from a solution containing 0.02 M
MgCl2? Ksp of Mg(OH)2 = 1.8 x 10-1L.
(A) 4.52 (B) 9.04 (C)9.48 (D) 8.48

Section (B) : Simultaneous solubility and Complex formation

Commit to memory :
Simultaneous solubility (s1 & s2) of AxBy & AxCy (both sparingly soluble) :

Kp(AB)) _ B ] _ (ysy) _ [ﬁ j
Ko(AL)) [C77 (ys) (s

Further, (xs1 + Xs2)* (yS1)Y = Ksp(AxBy) & (XS2 + xs1)* (ys2)Y = Ksp(AxCy). Put s1 in terms of sz from eq.1 in

eq.2 or

eq.3 to obtain sz & then obtain s1.

Complex formation : Upon mixing M™ & L and analyzing the reaction M™ + xL == [MLx]"* through

chemical equilibrium (assuming M™ to be completely consumed), concentrations of L and [MLx]"* can

be obtained. When they are put in expression of K¢, [M™]eq can be obtained.
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lonic Equilibrium (Advanced) ﬂ_

B-1.  Simultaneous solubility of two sparingly soluble salts A & B having some common ion :
(A) is greater than their respective solubilities in separate solutions.
(B) lies in between their solubilities in separate solutions.
(C) is less than its solubility in separate solutions for more soluble salt, but is greater than its solubility in
separate solution for less soluble salt.
(D) is less than their respective solubilities in separate solutions.

B-2.w  The solubility product values of AgCl and AgCNS are 1.8 x 10-1° and 1.6 x 101! respectively. When a
solution is saturated with both solids, calculate the ratio [CI-]/[[CNS-] and also [Ag*] in the solution :
Assume no reaction of cation/anion.

(A)1.125,4 x 105M  (B) 11.25,1.4 x 105M  (C) 1.25, 4 x105M (D) 1.25, 4 x 106 M

B-3.  Which of the following options is true for a solution saturated with AgCl and AgBr, if their solubilities in
mole per litre in separate water samples are x and y respectively ? Given : x > y. Assume no hydrolysis

of Ag* ion.
(A) [AgTT<[Br]+[CI] (B)x>[CI]>[Br] € [Brl>y (D) [Ag]=x+y
B-4. Upon mixing equal volumes of 0.02 M AgNOs & 0.16 M KCN solutions : (Assume no hydrolysis of any
ion). Given : Ag* (aq.) + 2CN- (aq) —— [Ag(CN)2]- (aq) ; Kc =108
(A) [NO3]=0.01 M ; [K*] =0.08 M (B) [CN]=0.06 M
(C) [AG(CN),]1=0.01 M (D) All of these

B-5. In the above question (B-4), [Ag*] is about :
(A) 2.78 x10-18 M (B) 1.67 x 10-1° M
(C) No free Ag* ions will be left in the solution (D) Cannot be determined

Section (C) : Selective Precipitation, Solubility exchange

Commit to memory :
Selective Precipitation : On gradually adding A B (s ; readily soluble) to a solution containing C, M X*- & C,
M Yz

K, (A, X K (A,Y,
[A%] req. for A X, pptn = w quq) ; [A%]req. for A)Y, pptn = ; quq)
(C.) (C2)

Minimum value of [A9*] req. will tell which salt will precipitate first.
Solubility exchange : Upon treating a solution of C D, / C D (s) (readily soluble) with A B (s) / saturated

solution of A B, (sparingly soluble) such that some A B, gets converted to A D, (sparingly soluble), then :
« Ksp(AxBy) = Ksp(Apr)
BN [BigH

C-1. In a solution containing equal concentrations of X-, Y- & Z-, MCI(s) (a readily soluble salt) is gradually
added. If Ksp (MX) > Ksp (MY) > Kgp (MZ), then : (Assume no hydrolysis of any ion).
(A) MX will precipitate first.
(B) MY will precipitate first.
(C) MZ will precipitate first.
(D) Nothing can be said about which salt will precipitate first, as numerical data is not given.

C-2.» In above question, If [X7]i : [Y7]i:[Z7]i =100 : 10 : 1 & Ksp[MX] : Ksp[MY] : Ksp[MZ] =10 : 0.1 : 1, order of
precipitation will be :
(A) MZ, then MX & MY at last (B) MY, then MX & MZ at last
(C) MX, then MY & MZ at last (D) MY, then MZ & MX at last
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lonic Equilibrium (Advanced) ﬂ_

Bl Exercise-2 |

w Marked questions are recommended for Revision.

PART -1: ONLY ONE OPTION CORRECT TYPE

1. A solution contains [NaCl] = [Na2COs] = C M. Upon gradually adding AgNOz(s) : (Assume no hydrolysis
of any ion).
(A) Out of AgCI & Ag2COs, one having lesser Ksp will start precipitating first.
(B) Out of AgCI & Ag2COs, one having greater Ksp will start precipitating first.

}K Ag,CO K<, (AgCl
() If, spl ?:2 ) < S'O(Cg )then Ag>COs will start precipitating first.

v

K., (Ag,CO K., (AgCl
(D) If, s"(?:z 3)< SP(Cg )then AgCl will start precipitating first.

\

2. For the reaction : [Ag(CN)2J-(ag) = Ag*(aq) + 2CN-(aqg), Kc at 25°C is 4 x 10719, Calculate [Ag*] in
solution which was originally 0.1 M in KCN and 0.03 M in AgNOs.
(A)15x 101 M (B) 7.5 x 108 M
(C) 4.6875 x 1071° M (D) Value cannot be determined due to mathematical complications.

3.» A solution of Na2COs is added drop by drop to one litre of a solution containing 10~* mole of Ba?* and
105 mole of Ag". If Ksp for BaCOs is 8.1 x 10-° and Ksp for Ag2COs is 6.9 x 10-12, then which is not true?
Assume no hydrolysis of CO3z% ion.

(A) No precipitate of BaCOs will appear until [ CO3 ] reaches 8.1 x 10-5 mol per litre.
(B) A precipitate of Ag2COs will appear when [CO; ] reaches 6.9 x 10-° mol per litre.
(C) No precipitate of Ag2COs will appear until [COZ ] reaches 6.9 x 10-2 mole per litre.
(D) BaCOs will be precipitated first.

PART - Il : SINGLE AND DOUBLE VALUE INTEGER TYPE

1w When pure water is saturated with both CaCOs and CaC:0a4, the concentration of calcium ion in the
solution under equilibrium is 8 x 10-5>M. If the ratio of the solubility product of CaCOz3 to that of CaC204
is 3, what is the solubility product of CaCOs in pure water ? Report your answer after multiplying by 10°
and rounding it off to nearest whole number.

2. On mixing equal volumes of 0.1 M AgNOs & 0.8 M KCN solutions, what % of original Ag* is in the form
of free Ag* ions ? Given : Kq of [Ag(CN)2]- = 10-18. Report your answer after multiplying it by 4.5 x 1016,
(Assume no hydrolysis of any ion)

PART - lll : COMPREHENSION

Comprehension # 1
0.2 mole of MgClz(s) are added in 1 litre volume of a solution (S), already containing 0.2 mole of
NaOH(s). Now answer the following questions :

1. Calculate pH of obtained solution. Ksp of Mg(OH)2 is 1.6 x 1012,
(A) 8.6 (B) 8.5 (C) 8.65 (D) 8.56

2. What would be the new pH when 0.04 mole of NaOH(s) are added in the solution obtained from
comprehension ?
(A) 8.6 (B) 8.5 (C) 8.65 (D) 8.56

KRN Find the pH of the solution obtained after adding 0.04 mole of HCI(g) to the solution obtained from
comprehension ?
(A) 8.6 (B) 8.5 (C) 8.65 (D) 8.56
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Comprehension # 2

Answer Q.4, Q.5 and Q.6 by appropriately matching the information given in the three columns of
the following table.

Following 3 columns contain informations regarding water solubility of some sparingly soluble salts and its
relation with their solubility product constants (Ksp).
Take temperature as 25°C.
Column-1 Column-2 Column-3
Solubility increases because of Solubility increases in acidic
() | Solubility > /Ksp 0] ngjt?gﬁe of common anion in | (P) solution as pH decreases below 3
14 Solubility decreases because of Solubility increases in basic
(1) | Solubility < ( SPJ (ii) | presence of common cation in | (Q) | solution as pH increases above
solution 11
1/4 Solubility decreases because of S
(1) | Solubility = (ﬂJ (iii) | presence of common anion in | (R) Solut_)|||ty is unaffected by pH of
; solution
solution
Solubility increases because of Anionic  hydrolysis  will make
(IV) | Solubility = 1/Ksp (iv) | presence of common cation in | (S) | solubility in water greater than
solution expected
4, For AgCN, the only correct combination is :
(A) (IV) (i) (R) (B) () (ii)) (S) (€)1 () (P) (D) (1) i) (P)
5. For Al(OH)s, the only correct combination is :
(A) (In) (i) (S) (B) (1) (iv) (Q) (©) (1) () (P) (D) (I (i) (Q)
6. For PbS, the only correct combination is :
(A) (1) (iii) (P) (B) (V) (iii) (S) (©) () (i) (R) (D) (V) (ii) (P)

~
J

* Marked questions may have more than one correct option.

PART - | : JEE (ADVANCED) / lIT-JEE PROBLEMS (PREVIOUS YEARS)

For a sparingly soluble salt ApBg, the relationship of its solubility product (Ls) with its solubility (S) is :
[JEE-2001(S), 1/35]
(A) Ls = SP*a  pP . g9 (B) Ls = SP*a  p9. gP (C) Ls=SPa. pP. (D) Ls = SPa, (pg)r+a

A solution which is 102 M each in Mn?*, Fe?*, Zn?* and Hg?* is treated with 10~ M sulphide ion. If Ksp
values of MnS, FeS, ZnS and HgS are 10715, 10723, 102 and 105 respectively, which one will
precipitate first ? [JEE-2003, 3/84]

(A) Fes (B) MgS (C) HgS (D) znS

Solubility product constant (Ksp) of salts of types MX, MXz2 and MsX at temperature T are 4.0 x 1078,
3.2 x 1071 and 2.7 x 10715, respectively. Solubilities (in mol dm-3) of the salts at temperature T are in
the order : [JEE-2008, 3/163]

(A) MX >MXz2>MsX  (B) MsX>MXz>MX  (C) MXz2>M3X>MX (D) MX > Ms3X > MXz

In 1 L saturated solution of AgCl [Ksp(AgCl) = 1.6 x 10720], 0.1 mole of CuCl [Ksp(CuCl) = 1.0 x 1079] is

added. The resultant concentation of Ag* in the solution is 1.6 x 10~*. The value of "x" is :
[JEE-2011, 4/180]

The Ksp of Ag2CrOg4 is 1.1 x 10712 at 298 K. The solubility (in mol/L) of Ag2CrO4 in a 0.1 M AgNOs3
solution is [JEE (Advanced)-2013, 3/120]

(A) 1.1 x 1011 (B) 1.1 x 10-10 (C) 1.1 x 1012 (D) 1.1 x 109

/\
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lonic Equilibrium (Advanced) ﬂ_

6. The solubility of a salt of weak acid (AB) at pH 3 is Yx10-3 mol L-1. The value of Y is .
(Given that the value of solubility product of AB (Ksp) = 2x10-1° and the value of ionization constant of
HB (Ka) = 1x10-8) [JEE(Advanced)-2018, 3/120]
PART - Il : JEE (MAIN) (PREVIOUS YEARS)
JEE(MAIN) ONLINE PROBLEMS
1. Zirconium phosphate [Zr3(PO4)s] dissociates into three zirconium cations of charge +4 and four

phosphate anions of charge —3. If molar solubility of ziroconium phosphate is denoted by S and its

solubility product by Ksp then which of the following relationship between S and Ksp is correct ?
[JEE(Main) 2016 Online (19-04-14), 4/120]

(1) S = {KsP/(6912)V7} (2) S = {Ksr/144}V/7

(3) S = {KsP/6912}V/7 (4) S ={Ksr/6912}7

/\
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lonic Equilibrium (Advanced)

EXERCISE - 1
PART - |
A-l. (@ 1l5x108M (b) 3.78 x 102 mg (c) 3 x 108 mL A-2. 197 x107"mg

B-1. 5x10°M

B-2. (a)4.19 x 10*mg/mL (b) 4.19 x 101 mg/mL

C-1. 10-5M AgCl, 8.5 x 10712 M AgI. C-2. 6.25 x 1012 M
D-1. PbSO4, 0.02 M D-2. 225x10“ M

PART - 1l
A-1.  (C) B-1. B-2. (B) B-3. (B) B-4. (D)
B-5. (A) C-1. c-2. (B).

EXERCISE - 2

PART - |
1. (C) 2. 3. (B)

PART - Il
1. 5 (actual answer = 4.8 x 1079) 2. 50

PART - llI
1. (A) 2. 3. (D) 4, (©) 5. (D)
6. (A)

EXERCISE - 3

PART - |
1. (A) 2. 3. (D) 4. 7 5. (B)
6. 4.47

PART - Il

JEE(MAIN) ONLINE PROBLEMS

1. (3)
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lonic Equilibrium (Advanced) ﬂ—
Il Additional Problems for Self Practice (APSP)]

This Section is not meant for classroom discussion. It is being given to promote self-study
and self testing amongst the Resonance students.

PART - | : PRACTICE TEST-1 (IIT-JEE (MAIN Pattern))

Max. Time : 1 Hr. Max. Marks : 120

Important Instructions

1. The test is of 1 hour duration.

2. The Test Booklet consists of 30 questions. The maximum marks are 120.

3. Each question is allotted 4 (four) marks for correct response.

4 Candidates will be awarded marks as stated above in Instructions No. 3 for correct response of each
guestion.

Y (one fourth) marks will be deducted for indicating incorrect response of each question. No deduction
from the total score will be made if no response is indicated for an item in the answer sheet.

5. There is only one correct response for each question. Filling up more than one response in any
question will be treated as wrong response and marks for wrong response will be deducted accordingly
as per instructions 4 above.

Note : Take water as solvent and temperature as 25°C, if not specified.
Take log 2 =0.3,log 3=0.48, log 5 =0.7, log 7 = 0.845, if not specified.

1. Which of the following is not a Lewis acid ?
(1) SiCls (2) SOs (3) Zn?* (4) Cco
2. If the degree of ionization of water at a particular temperature was found to be 1.8 x 1079, the Ka of
water is:
(1) 104 (2) 1.8 x 102 (3)1.8 x 106 (4) 107
3. An aqueous solution whose pH=0is :
(1) Alkaline (2) Acidic (3) Neutral (4) Not possible
4, The pH, when 102 M H2S04 solution is prepared in 10-3 M Na2SO4 solution, is :
Q)2 (2) 1.7 (3)2.3 @7
5. A 100 mL solution of a strong acid of pH = 1 is mixed with a 100 mL solution of another strong acid of
pH = 2. The resulting pH will be nearly : (log 11 = 1.04)
(1) 1.74 (2) 0.96 (3) 1.26 415
6.n  VimL of 0.1 M HNOs is mixed with V2 mL of 0.1 M Sr(OH)2. The final solution :
(1) is neutral, if 2V1 = V2 (2) is acidic, if V1 > V2
(3) is neutral, if V1 = V2 (4) is neutral, if V1 = 2V2
7. The dissociation constants of two bases BiOH and B2OH are 2.56 x 10~* and 1.6 x 10-° respectively.
The relative strength of the bases will be respectively :
1)1:4 2)4:1 3)1:16 416:1

8.m  What will be the effect of adding 10-3 M HCI solution to a solution of HA having concentration 0.1 M ?
(Ka of HA = 1075)
(1) Both degree of dissociation of HA and pH will decrease.
(2) Degree of dissociation of HA will decrease but pH of solution will remain constant.
(3) Effect on degree of dissociation of HA and pH of solution can be predicted only by knowing the
volumes of both solutions.
(4) Neither pH nor degree of dissociation of HA will change.

9. The pH of the solution of 0.2 M acetic acid and 0.1 M benzoic acid is :
(K, (CHCOOH) =6.5x107°, K, (CH,OO0H)=1.75x107)
(1) 2.65 (2) 2.5 (3)5.3 (4) 2.4
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10.

11.=

12.

13.

14.m

15x

16.

17. %

18. =

19.=

20.

21.

HsA is a weak triprotic acid (K, = 10-°, K, = 109, K, = 107%3). What is the value of pX of 0.1 M HzA
[A™]

[HA™]

(111 (2) 8 39 (4) 10

(aq) solution ? Where pX =—-log X and X =

When FeCls gets soluble in water, then its solution represents which of the following characteristics ?
(1) Amphoteric (2) Acidic (3) Basic (4) Neutral

The salt NaA of weak acid HA is dissolved to form its 0.01 M solution. If the degree of hydrolysis is
0.01, the pH of solution and Ka of HA at 25°C respectively are :
(1) 4,108 (2) 10, 108 (3) 10, 10-8 (4) 4,10

10 mL of % CH3COOH solution is mixed with 10 mL of % NH4OH solution. The change in pH of

solution upon diluting each solution to double volume will be : (pKa of CH3COOH = 4.76, pKp of
NH4OH = 4.74)
(1)-0.3 (2) +0.3 3)+1 (4) No change

H2A is a diprotic acid for which K, =0~"and K, =10 The solution which will have a pH closest to 9 is :
(1) 0.1 M HzA (2) 0.1 M Na2A (3) 0.1 M NaHA (4) 0.1 M NaHA + 0.1 M NazA
S: : The pH of solution made by dissolving 1 mole each of HCI, NaOH & CH3COONH4 in the same
beaker is 7, if pKa (CH3COOH) = pKp (NHs3).

S, : Methyl orange can be used as an indicator in the titration of CHsCOOH with NaOH.
Sz : Water act as an acid when ammonia is dissolved in water.

OTFT 2)TFF BFTT @GOTTT
Which of following cannot act as buffer ?

(1) NH4CN (2) NaHCOs + H2COs3

(3) NaH2PO4 + NazHPO4 (4) None of these

500 mL of 0.01 M CH3COOH + 500 mL of 0.02 M CH3COONa gives a pH equal to 5.3. The pKp of
CH3COO-is :
(1) 10 (29 3) 4 45

HCI gas is passed through an aqueous solution of 0.1 M 1-aminopropane (PrNH2) till the pH reaches
9.7. Calculate the ratio of [PrNHz]/[PrNHz*] in this solution. [Kb (PrNH2) =5 x 104
(1)0.1 (2) 0.25 (3) 10 4) 4

What fraction of indicator is in acidic form at a solution pH of 5, if pKa of the indicator is 4.7 ?
2 1 1 1

1) - 2) - 3) = 4) —

@ 3 @ 3 = &) =

Statement-1 : In a titration of weak monoacidic base with strong acid, the pOH at the half equivalent
point is pKb.

Statement-2 : At half equivalence point, it will form buffer at its maximum capacity where [base] =
[conjugate acid].

(1) Statement-1 is true, statement-2 is true and statement-2 is correct explanation for statement-1.

(2) Statement-1 is true, statement-2 is true and statement-2 is not correct explanation for statement-1.
(3) Statement-1 is true, statement-2 is false

(4) Statement-1 is false, statement-2 is true

8 g weak acid HX (molecular mass = 80 u ; Ka = 107%) is dissolved in 100 mL water. If it is titrated with
0.25 M NaOH, find pH at equivalence point :
(1) 9.35 (2) 8.65 39 (4) 8.7

/\
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22. 10 mL of % CH3COONa solution is titrated with % HCI solution. The pH value at equivalence point is :
(pKa(CH3COOH) = 4.76)
(1) 0.7 21 (3)1.88 (4) 2.88
23. The minimum volume of water required to dissolve 10 mg CaCOsz (Ksp = 2.5 x 1079 is : (neglect
hydrolysis of Ca?* and CO3%).
@2L (2)0.2L (3)20L (4)0.02L
24, Which of the following sparingly soluble salts is most soluble in water, assuming all to have same Ksp
values ?
(1) AB (ionising into A* & B-) (2) CD2 (ionising into C?* & D)
(3) E2F2 (ionising into E5* & F~) (4) GHs (ionising into G3* & H-)
25. Ksp of Ag2CrOa at a certian temperature is 8.64 x 10-13. How many times is its solubility in water greater
than in 0.6 M Na2CrO4 solution ?
(1) 100 (2) 10 (3) 1000 (4) = 129
26.= In a saturated solution of AgCI, NaCl is added gradually. The concentration of Ag* is plotted against the
concentration of Cl-. The graph appears as :
(1) [Ag+]‘ (2) [A9+]‘ (3) (Ag"] (4) [Ag"]
[C]— [Cr] — [Cr]— [CI'] —
27. SrCOs (Ksp = 1071%) and ZnCOs (Ksp = 1.5 x 10711) are dissolved together in a solution. The ratio of
[Sr2*)/[Zn?*] in the solution is :
10 3 20 3
1) — 2) — 3) — 4) —
(@) @ 35 3 5 4) o5
28.=  The solubility of Fe(OH)s would be maximum in :
(1) 0.1 M NaOH (2) 0.1 M HCI (3) 0.1 M KOH (4) 0.1 M H2SOa.
29. Statement-1 : Solubility of AGQCN in KCN(aq) is greater than in pure water.
Statement-2 : When AgCN dissolve in KCN(aq), complex ion [Ag(CN)z]- formation takes place and
solubility equilibrium of AQCN shifted in backward direction.
(1) Statement-1 is true, statement-2 is true and statement-2 is correct explanation for statement-1.
(2) Statement-1 is true, statement-2 is true and statement-2 is not correct explanation for statement-1.
(3) Statement-1 is true, statement-2 is false. (4) Statement-1 is false, statement-2 is true.
30.=m What is the effect of pH on the solubility of M(CN)2 ? (neglect hydrolysis of M?* ion)
(1) As pH decreases, solubility decreases.
(2) As pH decreases below 7 or increases above 7, solubility increases in both cases.
(3) As pH decreases, solubility increases. (4) No dependence on pH of solution.
Practice Test-1 (IIT-JEE (Main Pattern))
OBJECTIVE RESPONSE SHEET (ORS)
Que. 1 2 3 4 5 6 7 8 9 10
Ans.
Que. 11 12 13 14 15 16 17 18 19 20
Ans.
Que. 21 22 23 24 25 26 27 28 29 30
Ans.
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PART-Il : NATIONAL STANDARD EXAMINATION IN CHEMISTRY (NSEC) STAGE-I

1. Which of the following is not a strong electrolyte ? [NSEC-2000]
(A) fused NaCl (B) acetic acid
(C) dilute perchloric acid (D) agueous NaOH solution

2. If the solubility product of a salt MX is 3 x 10-10 at 0°C, its solubility is : [NSEC-2000]
(A) 1.73 x 10> mol dm-3 (B) 6.9 x 10-1° mol dm-3
(C) 9 x 1072 mol dm-3 (D) 1.73 x 10719 mol dm—23

3. What will be the pH of a solution formed by mixing 40 cm? of 0.1 M HCI with 10 cm?® of 0.45 M NaOH ?
(A) 10 (B) 8 (C)5 (D) 12 [NSEC-2000]

4, The concentration of HsO* ions in pure water is 10-® mol dm-3. The corresponding concentration of
OH- ions will be : [NSEC-2000]
(A) 10 mol dm-3 (B) 108 mol dm-3 (C) 10 mol dm-3 (D) 10" mol dm-3

5. In areaction, HCOs +H20 — CO32 + H3O*
Which two substances are Bronsted bases ? [NSEC-2000]
(A) COs2 & H3O* (B) HCO3s~ & H3O* (C) HCO3~ & CO372? (D) COs72 & H20

6. Which of the reagents listed below could be added to water to make 0.1M solution of NH4* ?

[NSEC-2000]

(A) NHz (B) NH4Cl (C) both (D) none of these

7. The solubility of AgClis 1.56 x 10~ mol m=2 at 30°C. Its solubility product Ksp will be : [NSEC-2001]
(A) 1.25 x 10710 (B) 2.43 x 10710 (C)1.25 x10-° (D) 5.90 x 1020

8. The Ostwald’s dilution law can be written as : [NSEC-2001]

2 2 1
A Ka=| -2 |V B)Ka=|-X | =  (C)Kaz= = (D) Ka = o2 \V
1-a 1—a) V v

9. Which of the alkali hydroxides is most basic ? [NSEC-2001]

(A) KOH (B) NaOH (C) LiOH (D) CsOH

10. The pH of 0.1M CH3COOH (dissociation constant of acetic acid is 1.80 x 10-° at 25°C) will be :
[NSEC-2001]

(A)5 (B) 2.873 ©)1 (D) 0.18

11. Which of the following does not act as a buffer solution ? [NSEC-2001]
(A) Sodium acetate and acetic acid (B) Boric acid and borax
(C) NasPO4 and NazHPO4 (D) Sodium acetate and sodium citrate

12. The pH of a soft drink is 3.82. Its hydrogen ion concentration in mol.dm-2 will be : [NSEC-2001]
(A)1.5x 10 (B) 1.96 x 103 (C) 1.96 x 102 (D) 1.96 x 10t

13. The colour change of an acid-base indicator is due to formation of : [NSEC-2002]
(A) benzoic structure  (B) quinoid structure (C) ionic structure (D) covalent bond.

14. The pKa of aspirin is 3.5. The pH of gastric juice in human stomach is about 2 to 3, while in small
intestine, the pH is 8. Aspirin will be : [NSEC-2002]

(A) unionised in the small intestine and in the stomach

(B) completely ionised in stomach and small intestine

(C) ionised in stomach and almost unionised in small intestine
(D) none of these

15. The Henderson equation for an acidic buffer is : [NSEC-2002]
(A) pH = pKa + log [acid] (B) pH = pKa + Iog@
[salt] [acid]
[salt]

(C) pKw = pKa + log (D) pH = pKa + log (salt) . (acid)

[acid]
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16. For the salt of strong acid and weak base, the hydrolysis constant is given by : [NSEC-2002]
K K K
(A) Kh= -2 (B) Kh = —* (C)Kh= —2 (D) Kn = Ky
Kb Ka Ka-Kb Ka'Kb
17. When a salt ‘X’ is dissolved in water at pH = 7, the resulting solution becomes alkaline in nature. Salt
‘X is made up of : [NSEC-2002]
(A) strong acid and strong base (B) weak acid and weak base
(C) weak acid and strong base (D) strong acid and weak base
18. The pH of 10 M KOH is [NSEC-2002]
(A) 6.0 (B) 7.0 (C)8.0 (D) 9.0
19. If H2S gas is passed in a acidified ZnSOa4, the precipitation of ZnS does not take place because :
(A) Ksp of ZnS is not exceeded (B) Ksp Of ZnS is decreases [NSEC-2002]
(C) Ksp of ZnS is increases (D) none of these
20. pH of circulating blood is maintained around 7.4 by the action of buffer system of : [NSEC-2002]
(A) H2PO4/HPO4?- (B) CO2/HCOs~ (C) NH4CI/NH4OH (D) CH3COO-/CHsCOONa.
21. Lead chloride has a solubility product of 1.7 x 10-5 at 300 K. Its solubility will be [NSEC-2002]
(A) 1.62 x 102 mol dm-3 (B) 4.123 x 10-2 mol dm-3
(C) 4.123 x 10-5 mol dm—2 (D) 5.1 x 102 mol dm-3
22. The pKa of acetic acid is 4.74, which implies that : [NSEC-2003]

(A) pH of 1 N acetic acid is 4.74.

(B) at pH 4.74, the dissociation of acetic acid is maximum.

(C) at pH 4.74, half of the acetic acid molecules are dissociated in the solution.
(D) at pH 4.74, the dissociation of acetic acid is minimum.

23. Sodium hydroxide cannot be used as a primary standard for acid base titration because : [NSEC-2003]
(A) it is corrosive and reacts with glass.
(B) the dissolution of sodium hydroxide in water is highly exothermic, hence its concentration changes
on dissolution.
(C) it is hygroscopic and also reacts with atmospheric carbon dioxide.
(D) hydroxides cannot be used as primary standards.

24, The molar concentration of pure water at 4°C and 1 atm pressure is [NSEC-2003]
A1 (B) 5.5 (C) 18 (D) 55.5

25. The solubility product of AgCl is 1.8 x 10-1°. The minimum volume (in L) of water, required to dissolve
1.9 mg of AgCl is approximately [NSEC-2003]
(A) 10 (B) 2 ©)1 (D) 20

26. In a titration experiment, 50.0 mL of 0.1 N HCI is being titrated against 0.1 N NaOH. The pH of the
solution on addition of 49.9 mL of NaOH is approximately : [NSEC-2003]
(A)7.0 (B) 6.0 (C)4.0 (D) 3.0

27. The solubility product of Ag2CrO4 is 1.9 x 1012, The volume of water in mL that can just dissolve 4 mg
of Ag2CrOa is about : [NSEC-2004]
(A) 150 mL (B) 1000 mL (C) 250 mL (D) 500 mL

28. The precipitate of AgClI dissolves in : [NSEC-2004]
(A) conc. HNOs (B) excess of HCI (C) dilute H2SO4 (D) ag. ammonia.

29.* In its 0.20 M solution, methanoic acid has degree of dissociation 0.032. Hence, its dissociation constant
would be : [NSEC-2004]
(A) 2.1 x 102 (B) 2.1 x 10 (C) 1.1 x 10 (D) 1.6 x 10-®

30. A pair that forms a buffer system is : [NSEC-2004]
(A) BaClz + Ba(NOs3)2 (B) NaCl + HCI
(C) NasPO4 + NazHPO4 (D) AgCN + KCN.
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31. A buffer solution is prepared by mixing 0.050 moles of a weak acid HA and 0.20 moles of NaA in
sufficient amount of water to give 500 mL of solution (Ka for HA is 4.5 x 10~*). The pH of this solution is:
[NSEC-2004]

(A) 1.97 (B) 2.17 (C) 2.74 (D) 3.95

32.* Consider various species generated when HzPO4 dissolved in water. Among these, the conjugate acid
of HPO4* is : [NSEC-2004]
(A) H3PO4 (B) H2PO4~ (C) PO4* (D) HsO*

33. If a weak base has the dissociation constant Ky, then the value of the dissociation constant, Ka of its
conjugate acid is given by : [NSEC-2004]
(A) 1/Kp (B) Kw/Kp (C) Ko/Kw (D) KwKb

34. The salt that when added to water will not change its pH is : [NSEC-2004]
(A) Na2COs3 (B) NaCl (C) KCN (D) NH4CI

35. What is the pH of 10-3 (N) CHsCOOH solution? ( Dissociation constant of CHsCOOH is 1.74 x 10-5)
[NSEC-2005]

(A) 3.88 (B) 4.76 (C) 5.55 (D) 3.0

36. The ionic product of water at 25°C is 10-14. The corresponding dissociation constant is : [NSEC-2005]
(A) 2.0 x 1016 (B) 3.6 x 1016 (C) 1.5 x 10716 (D) 1.8 x 10716

37. The solubility product of Mg(OH)2 is 3.4 x 10~ mol® L-3. What will be is its solubiliy in gL-* (molecular
weight of Mg(OH): is 58.3) [NSEC-2005]
(A) 2.0 x 10+ (B) 1.2 x 1072 (C)1.6 x103 (D) 3.5 x 10

38. pH of the blood in the body is maintained by : [NSEC-2005]
(A) glucose and salt concentration (B) protein and salt concentration
(C) carbonate and bicarbonate concentration (D) salt and carbonate

39. Which indicator will be suitable for the titration of acetic acid vs NaOH ? [NSEC-2005]
(A) methyl orange [pKin = 3.7] (B) bromocresol green [pKin = 4.7]
(C) chlorophenol red [pKi = 6.1] (D) phenolphthalein [pKi = 9.6]

40. The compound that may be added to water to increase its pH from 7 to a higher value is : [NSEC-2006]
(A) Na2COs3 (B) AICIs (C) NaCl (D) HCI

41. The most acidic aqueous solution is : [NSEC-2006]
(A) CH3COONa (B) Na2CO3 (C) NH4ClI (D) NazHPO4

42, The slightly soluble Ag=CrOa4 is expected to be more soluble in : [NSEC-2006]
(A) 0.1 M HNOs (B) 0.01 M K2CrO4 (C) pure water (D) 0.1 M AgNO:s.

43. Pure water is saturated with a sparingly soluble salt, Pbl> which has a solubility product Ksp. In this
saturated solution : [NSEC-2006]
(A) [Po?] = [I] (B) [Pb?*] = Ksp (C) [Pb**] = (Ksp)¥? (D) 2[Pb*] = [I]

44, Which of the following metal sulphides has maximum solubility in water? (Ksp values are indicated in
parentheses). [NSEC-2006]
(A) HgS (10%%) (B) CdS (10°%9) (C) FeS (1029 (D) ZnS (1022 .

45, If 25 mL of 0.01 N NaOH is added to 50 mL of 0.01 N acetic acid, the pH of the resultant solution will
be: (pKa of CHsCOOH = 4.76) [NSEC-2006]
(A) 5.5 (B) 4.5 (C) 4.76 (D) 2.48

46. Calculate the pH of a solution made by mixing 150 cm? of 0.10 M CHs COONa and 250 cm? of 0.10 M
CHsCOOH. [Ka of CHsCOOH = 1.8 x 1079] [NSEC-2007]
(A) 237 (B) 4.52 (C)4.74 (D) 4.97

47. The solubility product constant, Ksp of AgsPOa4 is 1.8 x 10-18. What is the molar solubility of AgsPOa in
water? (Neglect any hydrolysis) [NSEC-2007]
(A) 1.6 x 10-5 (B) 8.4 x 107 (C)1.3x107° (D) 4.5 x 1071°
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48. If each of the following salts has Ksp =1x10-°, which of them is the least soluble in water? [NSEC-2007]
(A) XY (B) XY2 (C) X2Y (D) XsY

49, The pH a 0.01 M solution of ammonium acetate can be changed by changing : [NSEC-2007]
(A) the temperature (B) the volume of solution
(C) the concentration (D) the pressure on solution

50. The pH of 0.1 M NH4OH (Kr = 1.8 x 1075) is : [NSEC-2008]
(A)1 (B) 13 (C)5.7 (D)11.1

51. The pH of mixture of 100 mL of 0.25 N HCIl and 100 mL of 0.125 N NaOH is : [NSEC-2008]
(A) 1.20 (B) 0.90 (C)0.70 (D) 0.42

52. CaF2 (Mol. Wt. = 78) has a solubility of 1.6 x 102 g/dm?3 at 293 K. The solubility product of CaF: is :
[NSEC-2008]
(A) 3.45 x 1011 (B) 4.20 x 108 (C) 2.56 x 104 (D) 4.69 x 10-°

53. Which of these mixtures constitute buffer solutions ? [NSEC-2008]
Mixture 1 : 25 mL of 0.10 M HNOs and 25 mL of 0.10 M NaNOs
Mixture 2 : 25 mL of 0.10 M HC2H30O2 and 25 mL of 0.10 M NaOH

(A)1 only (B) 2 only (C) both 1 and 2 (D) neither 1 nor 2
54. A 0.200 g sample of benzoic acid, CsHsCOOH, is titrated with a 0.120 M Ba(OH)2 solution. What
volume of the Ba(OH)2 solution is required to reach the equivalence point ? [NSEC-2008]
[CeHsCOOH,Molar Mass = 122.1 g mol-]
(A) 6.82 mL (B) 13.6 mL (C)17.6 mL (D) 35.2 mL
55. The amount of sodium hydrogen carbonate, NaHCOg3, in an antacid tablet is to be determined by
dissolving the tablet in water and then titrating the resulting solution with hydrochloric acid. Which
indicator is the most appropriate for this titration ? [NSEC-2008]
Acid Ka
H2COs 25x10*
HCO3 2.4 x 108
(A) methyl orange, pKin = 3.7 (B) bromothymol blue, pKin = 7.0
(C) phenolphthalein, pKin = 9.3 (D) alizarin yellow, pKin = 12.5
56. The hydrolysis constant of 0.5 M ammonium benzoate is 6.25 x 10-5. The percentage hydrolysis of the
saltis: [NSEC-2009]
(A) 0.25 (B) 0.177 (C)0.125 (D) 0.50
57. When CO: dissolves in water, the following equilibrium is established — [NSEC-2009]
CO2z + 2H20 =— H3O* + HCOs!
e o ~ . [HCO,] . .
If the equilibrium constant for the reaction is 3.8 x 107 and pH = 6, the ratio ———= will be:
2
(A) 3.8 x 1013 (B) 3.8 x 102 (C) 6.0 (D) 3.0
58. Carbonic acid, H2COg, is a diprotic acid for which K1 = 4.2 x 107, and K2 = 4.7 x 1071, The solution
which will have a pH closestto 9 is : [NSEC-2009]
(A) 0.1 M H2CO3 (B) 0.1 M Na2CO3
(C) 0.1 M NaHCO:s (D) 0.1 M NaHCOs + 0.1 M NazCOs
59. The strongest Bronsted base among the following compounds is — [NSEC-2009]
(A) NaCHs (B) NaOH (C) NaF (D) NaNH2
60. The ionization of benzoic acid is represented by the equation : [NSEC-2009]

CsHsCOOH (aq) =—— H* (aq) + CsHsCOO- (aq)
If a 0.045 M solution of benzoic acid has an [H*] = 1.7 x 103 M, then, the Ka of benzoic acid is :

(A) 7.7 x 10 (B) 6.4 x 105 (C) 3.8 %102 (D) 8.4 x 107t

61. If the Ksp of CaFzat 25°C is 1.6 x 10719, then the number of moles of the salt must be dissolved in 2.0 L
of water at 25°C to form a saturated solution is : [NSEC-2009]
(A) 2.6 x 102 mol (B) 1.3 x 103 mol (C) 6.8 x 10~* mol (D) 3.4 x 10~* mol
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62. A solution of 0.10 M NaZ has pH =8.90. The Kaof HZ is : [NSEC-2010]
(A) 1.6 x 10 (B) 1.6 x 10-5 (C) 6.3 x 10710 (D) 6.3 x 1011
63. The pH of a solution made of mixing 200 mL of 0.0657 M NaOH, 140 mL of 0.107 M HCI and 150 mL of
water would be : [NSEC-2010]
(A) 3.04 (B) 2.43 (C) 2.74 (D) 2.27
64. The molarity of NH3 solution of pH 12.0 at 25°C is (Kb of NH3 at 25°C is 1.8 x 107%) [NSEC-2010]
(A) 0.55 M (B)5.5M (C)0.01 M (D) 11.7 M
65. A weak acid HA has Ka 1.00 x 10-5 at 25°C. If 0.100 mole of this acid are dissolved in 1 L water, the
percentage of the acid dissociated at equilibrium will be closest to : [NSEC-2010]
(A) 0.100% (B) 99.0% (C) 1.00% (D) 99.9%
66. The solubility of a salt MX is 3.60 x 10-°> mol dm-3. The Ksp MX is: [NSEC-2010]
(A) 3.60 x 10°° (B) 12.96 x 10-10 (C) 7.20 x 10°° (D) 1.80 x 10-10
67. The following curve represents the titration of : [NSEC-2010] 12
(A) a diprotic acid
10
(B) two monoprotic acids with the same Ka, but different g
concentrations
o 6 —
(C) two monoprotic acids with the different Ka, but the same
concentration 4
2
(D) two monoprotic acids with the different Ka, and different
concentrations | } | |
0 20 60 100 140
Volume of NaOH
68. The solubility of calcium phosphate is S moldm-3. Hence, the solubility product is : [NSEC-2011]
(A) S5 (B) 27S8 (C) 5454 (D) 108s°
69. 0.1 dm? of 0.1 M acetic acid is titrated against 0.1 M NaOH. When 50 cm? of 0.1 M NaOH are added,
the pH of the solution will be : (pKa = 4.74) [NSEC-2011]
(A) 2.37 (B) 4.74 (C)1.34 (D) 5.74

70. A 0.056 M solution of benzoic acid, CeHsCOOH, is titrated with a strong base. [H*] of the solution when
half of the solution is titrated before the equivalence point is : (Ka of benzoic acid = 6.3 x 10-5)

(A)6.3x10°M (B) 1.8 x 103 M (C)7.9x103M (D) 2.6 x 102 M
71. The following titration curve represents the titration of a acid with
a base. [NSEC-2011]

(A) strong, strong pH 7 f
(B) weak, strong |

(C) strong, weak mL added
(D) weak, weak

72. Hypochlorous acid ionizes as
HOCI(aq) H*(aq) + OCl-(aq), OClI~(aq) + H20(l) = HOCI(aq) + OH-(aq)
Ka for this reaction at 25°C is 3.0 x 108 (Kw = 1.0 x 1014 at 25° C)
Hence, Kn for OCIl-is : [NSEC-2011]
(A) 3.3 x 10”7 (B) 3.0 x 10-8 (C) 3.0 x 10¢ (D) 3.3 x 107

73. When equal volumes of the following solutions are mixed, precipitation of AgCl (Ksp = 1.8 x 10-19) will
occur only with : [NSEC-2012]
(A) 10+ M Ag* and 104 M CI- (B) 10> M Ag* and 105 M CI-
(C) 105 M Ag* and 106 M CI- (D) 1079 M Ag* and 1010 M CI-
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74. Equal volumes of two solutions of pH = 2 and pH = 4 are mixed together. The pH of the resulting
solution will be : [NSEC-2012]
(A) 2.0 (B)3.1 (C) 4.2 (D) 2.3

75. The solubility of SrF2 in water at 303 K is 9.55 x 10-> mol dm-3. The solubility product of the salt is :
[NSEC-2012]
(A) 8.7 x 1017 (B) 9.1 x 1011 (C) 9.55 x 10°° (D) 3.48 x 1012

76. The pKa value of picric acid, acetic acid and phenol are in the order : [NSEC-2012]
(A) Picric acid 0.4, acetric acid 4.75, phenol 10.0
(B) Acetic acid 0.4, picric acid 4.75, phenol 10.0
(C) picric acid 0.4, phenol 4.75, acetic acid 10.0
(D) phenol 0.4, acetic acid 4.75, picric acid 10.0

77. If each of the following salts has solubility product Ksp = 1 x 10°, which of them is least soluble in
water? [NSEC-2013]
(A) XY (B) X2Y (C) XY2 (D) XaY

78. Which of the following salts produces the most basic solution ? [NSEC-2013]
(A) AI(CN)s3 (B) KC2H30:2 (C) FeCls (D) KCI

79. The pH of 0.1 M NH4OH, (Ko = 1.8 x 105, Kw = 1014), is : [NSEC-2013]
(A) 1.0 (B) 5.7 (C)11.1 (D) 13.0

80. Which solution has the highest pH ? [NSEC-2013]
(A) 0.01 M CaClz (B) 0.01 M KNO2 (C) 0.01 M CHsCOOH (D) 0.01 M CH3COCHSs

81. pH of a saturated solution of magnesium hydroxide in water at 298 K is 10.5. The solubility of the
hydroxide in water at 298 K is [NSEC-2014]
(A) 1.58x10"*mol L* (B) 1.58x10"'mol L* (C) 3.16x10“mol L* (D) 9.98x10°mol L*

82. Solubility product of silver chloride and silver thiocyanate are 1.2 x 10-1° and 7.1 x 10~ respectively.
The equilibrium constant for the reaction AgCI(s) + CNS *(ag) === AgCNS(s) + Cl*(aq)is [NSEC-2014]
(A) 0.0625 (B) 169 (C) 13 (D) 1.40 x 10

83. If a weak base has the dissociation constant, Ky, then the value of the dissociation constant, Ka, of its
conjugate acid is given by [NSEC-2014]
(A) UK, (B) K, /K, (©€) K, /K, (D) KK,

84. When 1L of 0.1 M sulphuric acid solution is allowed to react with 1L of 0.1 M sodium hydroxide solution,
the amount of sodium sulphate (anhydrous) that can be obtained from the solution formed and the
concentration of H* in the solution respectively are [NSEC-2015]
(A) 3.55¢9,0.1 M (B) 7.10 g, 0.025M (C) 3.55g, 0.025M. (D) 7.10g, 0.05 M

85. A water sample from a municipal water supply was found to have a pH = 7.0. On evaporating 2 L of this

water, 2.016 g of white solid was left behind in the evaporation vessel, i.e., the total dissolved solid
(TDS) content of this water was 1008 mg L-t. However, addition of soap to a bucket of this water did
not produce any visible scum. Based on these findings, one can conclude that [NSEC-2015]
(A) There are no Ca?* or Mg?* ion in the water

(B) There are no COs?~ or HCOz3~ ion in the water

(C) concentration of any ion in the water is lower than 0.038M

(D) water may be containing Na* ions in concentration > 0.04M

86. A 50 mL solution of pH =1 is mixed with a 50 mL solution of pH = 2. The pH of the mixture is :
[NSEC-2015]

(A) 0.86 (B) 1.26 (C) 1.76 (D) 2.26
87. The solubility products (Ksp) of three salts MX, MYz and MZz are 1 x 1078, 4 x 10-° and 27 x 1078,
respectively. The correct order for solubilities of these salts is [NSEC-2015]

(A) Mx > MY2 > MZ3 (B) MZz > MY2>MX  (C) MZz > MX >MY2 (D) MY2 > MX > MZs
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88. If the solubility product of iron(lll) hydroxide is 1.8 x 10-%7, the pH of a saturated solution of iron(lll)
hydroxide in distilled water is close to : [NSEC-2016]
(A) 4 (B)5 €7 (D)9
89. The pH of a 1.0 x 10-3 mol L-! solution of weak acid HA is 3.60. The dissociation constant of the acid is:
(A) 8.4 x 1078 (B) 8.4 x 106 (C) 8.4 x10°° (D) 8.4 x 102 [NSEC-2016]
90. The colour changes of an indicator Hin in acid base titrations is given below
Hin (agq) =— H* (aq) + In- (aq)
Colour X Colour Y
Which of the following statements is correct? [NSEC-2017]

(A) In a strong alkaline solution colour Y will be observed

(B) In a strong acidic solution colour Y will be observed

(C) Concentration of in~ is higher than that of HIn at the equivalence point
(D) In a strong alkaline solution colour X is observed

91. The table below gives the results of three titrations carried out with 0.200 M HCI to determine the
molarity of a given NaOH solution using phenolphthalein as indicator. NaOH was taken in the burette
and HCI was taken in a conical flask for the titrations [NSEC-2017]

Titration No. V HeimL) VNaoH (mL) M a0 moldm-=
I 21.4 19.3 0.222
Il 18.6 16.8 0.221
11 22.2 21.1 0.210

The actual molarity of the prepared NaOH solution was 0.220 mol dm=23. Which among the following
could be the reason for the wrong value obtained in titration I11?

(A) Number of drops of phenolphthalein added to the titration flask was more in this titration

(B) The concentration of HCI was wrongly used as 0.250 M for the calculation of M naoH

(C) A few drops of NaOH solution were spilled outside the titration flask during titration

(D) A few drops of the neutralized solution from titration Il were left behind in the flask

92. The solution with pH value close to 1 is [NSEC-2017]
(A) 10 mL, 0.1 M HCI + 90 mL, 0.1 M NaOH (B) 55 mL, 0.1 M HCI + 45 mL, 0.1 M NaOH
(C) 75 mL, 0.2 M HCI + 25 mL, 0.2 M NaOH (D) 75 mL, 0.2 M HCI + 25 mL, 0.1 M NaOH

93. Which of the following is not a pair of a Lewis acid and a Lewis base ? [NSEC-2017]
(A) H*, (C2Hs)20 (B) H20, AICl3 (C) Fe3*, CO (D) SiF4, BFs
94. Which of the following statement/s is/are correct about weak acids in aqueous solutions? [NSEC-2017]

I. When pH = pKa of a monoprotic acid, 50% of the acid is ionised

. If pH = pKaz of a diprotic acid, the average charge of all the ionised species is 0.5
[ll. When pH = pKa + 1, 10% of the acid is ionised

IV. When pH = 7, 50% of a monibasic acid is ionized.

(A) land IV B) I, Il and IV (©) I, lland IV (D) I only
95. Solubility product of AgCl is 1.8 x 1071, The minimum volume (in L) of water required to dissolve
1 mg of AgCl is close to [NSEC-2018]
(A 0.5 B)7.5 (C) 50 (D) 0.75
96. If for an aqueous solution of a weak acid, pH = pKa + 2 at 25°C, the approximate fraction of the acid in
the dissociated form is [NSEC-2018]
(A)1.1% (B) 0.99 % (C)99.0 % (D) 9.9 %
97. Which of the following graphs describes the relationship between [HsO*] and [OH-] in an aqueous
solution at a constant temperature ? [NSEC-2018]
A
A
T — '|_‘ —
WS ®Ff ©z O T
o = o
—>
> 0 . 0 .
0 [H:07] 0 01 [HsO"] [HsO"]
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PART - 1ll : HIGH LEVEL PROBLEMS (HLP)

THEORY

Levelling / Differentiating Effect of Solvent :

A solvent is said to be showing levelling effect if various electrolytes (generally acids and
bases) get completely dissociated in it and thus have the same strength. For example, in water
solvent, all strong acids (HCIO,, H,SO,, HI, HBr and HCI) are completely dissociated and are said to

have the same strength. Similarly, all strong bases (CsOH, RbOH, KOH, NaOH and Ba(OH),) are also

completely dissociated in water solvent. So, their relative strengths cannot be compared in water
solvent.

However, a solvent is said to be showing differentiating effect if various acids and bases
dissociate to different degrees in it and thus their relative strengths can be compared. For
example, in water solvent, weak acids (like CH,COOH, HCOOH etc.) dissociate to different extents and

on comparing their degree of dissociation, their relative strengths can be compared. Same is the case
with weak bases (like NH,.H,O, Aniline etc.). So, it can be concluded that water in general behaves as a

levelling solvent for strong acids as well as strong bases, but it behaves as a differentiating solvent for
weak acids as well as weak bases.

Considering other solvents, in glacial acetic acid solvent, strong acids dissociate to different degrees.
So, strengths of strong acids can be compared in this solvent and in general, it behaves as
differentiating solvent for strong acids. However, due to acidic nature of solvent, weak bases dissociate
completely in it. So, in general, it behaves as a levelling solvent for weak bases.

Similarly, behaviour of ammonia solvent (basic in nature) can be thought of.

Note : In anhydrous HF solvent, only HCIO, behaves like an acid because HF does not has a

tendency to accept H* from other acids and form an unstable species H,F* (positive charge on most
electronegative atom F). So, rest all acids behave as bases in HF solvent.

INDICATORS :

Indicators are the substances, which indicate the end-point of a titration generally by changing
their colour.

They are, in general, either weak organic acids or weak organic bases, having characteristically
different colours in the ionised and unionised forms. For example, methyl orange is a weak base
(having red colour in ionised form and yellow colour in the unionised form) and phenolphthalein is a
weak acid (having pink colour in the ionized form while its unionised form is colourless)

Let us consider the equilibrium between the ionised and unionsed form of an acid indicator (HIn)

HIN == H* + In~
In= —[H+][In_] [Kin=
[HIN]
[HIn]
[In~]
Taking negative logarithm of both sides,

indicator constant or dissociation constant of indicator]

or [H+] = Kin X

—log [H*] = - log Kin — log m
[In~]

[In"] [lonised form]
H = K + | = = H = K + I
PH = pKin *log 1 = PREPRnTI00 i ionised form]

In general, the intensity of a coloured solution depends on the concentration of the colour imparting
species. If the solution contains two coloured species, then the colour of the solution depends on the
relative concentration of the colour imparting species. When the solution contains two coloured species
as HiIn and In-, then it is a medical fact that the solution acquires a distinct colour of In- for visibility by
human eyes only when the concentration of In- is approximately atleast 10 times greater than the
concentration of HIn and vice versa. Actually, this numerical factor has different value for different
colours, but if not specified, we take this factor as 10 in general.

/\
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Let us consider two cases :

Case-| : For the solution to show colour due to In-, the minimum ratio %should be 10.
n

pH = pKin +log 10 = pKin +1
At this stage, the percentage of the indicator in In- form would be given by :

_ ] 100= 29 x100 91%

[In~]+[HIn] 10+1

Thus, nearly 91% of the indicator has been present in the ionised form (In-). In fact, pH = pKin + 1 is the
minimum pH upto which the solution has a distinct colour characteristic of In-. At pH greater than this
value, some more indicator will be present in the ionised form. Thus at pH > pKin + 1, the solution has a

colour characteristic of In-.

] should be i

Case - Il : For the solution to show colour due to HIn, the minimum ratio of [[HI ] 10"
n

1
H=pKmn+log — =pKin—-1
p pKi glO PKi

At this stage, the percentage of the indicator in In- form would be given by :
(In7]

[In~]+[HIn] 10+1

Thus, nearly 9% of the indicator has been present in the ionised from (In-) and ~ 91% of the indicator is

present in the unionzed from (HIn). In fact, pH = pKmn — 1 is the maximum pH upto which the solution

has a distinct colour characteristic of HIn. At pH smaller than this value, some more indicator will be

present in the unionised form. Thus, at pH < pKin — 1, the solution has a colour characteristic of HIn.
General pH range of an indicator : pKin — 1 to pKin + 1.

SIGNIFICANCE OF INDICATORS :
Indicators work in specific pH range i.e. they change their colour distinctly once a specific pH range is

crossed. For example, phenolphthalein works in pH range 8.3—10 while methyl orange in the range 3.1
to 4.4. Range of some common indicators is given below :

x 100 =

x 100 = 9%

Table-1
Colour
Indicator pH range | If pHsoution < Minimum value If pHsolution > Maximum
of pH range value of pH range
Methyl orange 31— 44 Red Yellow
Methyl red 42-6.3 Red Yellow
Litmus 5.0 —-8.0 Red Blue
Phenol red 6.4-8.2 Yellow Red
Phenolphthalein 8.3-10.0 Colourless Pink
& Extent of reaction of different bases with acid (HCI) using two indicators Phenolphthalein & Methyl

orange is summarised below :

Phenolphthalein Methyl Orange

NaOH 100% reaction is indicated 100% reaction is indicated

NaOH + HCI — NaCl + H20 NaOH + HCI — NaCl + H.0
Na2COs3 50% reaction upto NaHCO3 100% reaction is indicated

stage is indicated

Na2CO3z + HCl - NaHCOs3 + NaCl Na2COs + 2HCI — 2NaCl + H20 + CO2
NaHCOs No reaction is indicated 100% reaction is indicated

NaHCOs + HCl — NaCl + H20 + CO:2
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Ex-1. pH of 0.1 M solution of NaA (sodium salt of a weak acid HA) is 8.92. Caculate pKa of HA. If a drop of
HPh (pKin = 9.52) be added to the above solution, predict whether the pink colour will visible or not,

under the medical fact that our eyes can see the pink color if the mole % of ionised form of indicator is
25% or more.

Sol. pH:%(pKa+pKw+ log c)
1 1

892=7+ —pKa+ = (-1

5 PKa 2( )

% pKa=8.92 — 6.5 = 2.42
pKa of HA = 4.84

pH = pKin + log 7]

[HIn]
8.92=9.52 + Iogm

[HIn]
[In"] _ ionised _ 1
[Hin] unionised 4

Since ionised form % = % 100 = 20%, pink colour will not be visible.

1+4

Titration of Poly protic acid with SB :
Ex. 50 mL of 0.1 M HsPOa4 with 0.1 M NaOH. For plotting curve, calculate pH when volume of NaOH added

is :
(@) 0 mL (b) 25 mL (c) 50 mL (d) 75 mL (e) 100 mL
(f) 125 mL (g) 150 mL (h) 200 mL (i) 90 mL

For HsPOa4 : pKalz 3; pKa2 =7 pKa3: 11
(@  pH=1/2(pK,-logC)=1/2(3+1)=2

(b) H3POg4 + NaOH = NaH2POs4 + H20 (1%t neutralisation)
t=0 5 millimole 2.5 millimole 0 —
after reaction 2.5 millimole - 2.5 millimole —

Buffer with equal amounts of H3POs4 & H2PO,—= Half equivalence point with respect to

1st neutralisation.
PH =piK, =3
(c) Solution of H2PO4~ (amphiprotic species) will be obtained as amount of NaOH added is jsut
sufficient to complete 1st neutralisation of HzPOa.
pH _ pKal "‘pKa2 - 3+7 =5 (131 eq pt)
2 2
(d) 50 ml NaOH solution will be consumed in 15t neutralisation & remaining 25 mL (2.5 millimole)
will participate in 2™ neutralisation.
NaH2PO4 + NaOH —— Na:HPOs + H20 (2" neutralisation)
t=0 5 millimole 2.5 millimole 0 -
after reaction 2.5 millimole - 2.5 millimole -

Buffer with equal amounts of H.PO; & HPO? = Half equivalence point with respect to

2nd neutralisation.
pH = pK,, =7

(e) Solution of HPO4?- solution (amphiprotic species) will be obtained as amount of NaOH added is
just sufficient to complete 2" neutralisation of Hz3POa.
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pK, +pK
pH :%: 9 (an eq pt)
) 100 ml NaOH solution will be consumed in 2 neutralisations & remaining 25 mL (2.5 millimole)

will participate in 3 neutralisation.

NazHPOs + NaOH —— NasPOs + H20 (3" neutralisation)
t=0 5 millimole 2.5 millimole 0 -
after reaction 2.5 millimole - 2.5 millimole -

Buffer with equal amounts of HPO?~ & PO} = Half equivalence point with respect to
3" neutralisation.

pH = pKa13 =11
(9) Solution of POJ will be obtained as amount of NaOH added is just sufficient to complete 3
neutralisation of HsPOa.
Millimol
[NasPO4] = TIMO% __ ~ 51200 = 1/40 M

Total volume in mL
Assuming h to be negligible
[K,/K, _ o™ /107"
c \ w4
1 B h2 B 10—14
40 1-h 10"
On solving this quadratic, h = 0.18
[OH]=ch=45x 103 M

h= = 0.2 (not negligible)

pH = 11.66
(h) 150 mL NaOH will be consumed in three neutralisations & 50 mL will be left unreacted.
Also, hydrolysis of NasPO4 can be neglected in presence of NaOH left.
Millimol
[OH] = TIMO%® - 5/950 = 1/50 M -~ pOH=17&pH=12.3
Total volume in mL
0] 50 mL NaOH will be consumed in 15t neutralisation & remaining 40 mL (4 millimole) will

participate in 2" neutralisation
NaHPOs+ NaOH —— NaHPOs + H20
t=0 5 millimole 4 millimole 0 -
after reaction 1 millimole 0 4 millimole — = Buffer
pH = pKaz +log4=7.6.

N

11,66 - e "G¢ 3rd equivalent point
Half dquivalence point with respect to 3° neutralisation

2nd equiva\entipoint

Half:pquwva\ence poi@t with respect to 2° neutralisation
1st equivalentpoint :

Half';equivalence poim with respect té) 1" neutralisation

a i i i

50mL  100mL 150mL
Volume of NaOH——>
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— Soelued Evamples

Ex-2. Find the pH at equivalence point when a solution of 0.1 M acetic acid is titrated with a solution of 0.3 M
NaOH. Ka for acetic acid = 7.5 x 1075,
Sol. At equivalence point CH3COONa will be formed.

0.3
Mbase Vbase = Macid Vacid = Vacid = ﬁ Vbase = 3 Vbase

Total moles  0.3xV,
Total volume V.

a

293 Ve _ 075
4V,

base

ase

[CH3COON&]Equivalence point =
cid T Vo

ase

. K, 0"
[OH]= [-%“xC=,|-———-x0.075 = 10-® = PpOH=5
K 7.5x10

a

pH=9

Ex-3. Predict titration curve for titration of Na2COs & HCI.
Sol. Na2COs + HCl| — NaHCOs + NaCl
pH1 = Half equivalence point with respect to 1t neutralisation = pK, (- solution will be a buffe

consisting of equal amount of CO?~ & HCO;)

_ pKal + pKaz

prt - > (.- amphiprotic anion)

NaHCO3 + NaCl — H2COs3 + NaCl
pH2 = Half equivalence point with respect to 2" neutralisation = pK, (- solution will be a buffer

consisting of equal amount of HCO; & H2CO3)
A

1st equivalent point

PH pH = pK,,

2nd equivalent point

Volume of HC| —>
Figure-9

p|_|2"’eqpt =1/2 (pK,, —log C) (- weak acid)

SOLUBILITY(s) AND SOLUBILITY PRODUCT (Ksp)

Some complicated cases for solubility of sparingly soluble salts could be as follows :

(A) Effect on solubility because of complex formation

@) When ions of a salt form complex in the solution, then concentration of that ion decreases, so
solubility equilibrium is shifted forward & solubility increases.
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— Solved Evamples

Ex-4.

Sol.

— Soelued Evamples

Ex-5.

Sol.

Ex-6.
Sol.

What must be the concentration of aqueous NHsz which must be added to a solution containing
4 x 10-® M Ag* and 0.001 M NacCl, to prevent the precipitation of AgCI.

8
Given that Ksp(AgCl) = 1.8 x 10-1° and the formation constant of [Ag(NH3)2]* is Kformation = %

Silver ion concentration which can be allowed to remain in the solution,
1.8 x10710 = [Ag*] [CH]

-10
Ag= 2810 _ 4 5107w,
0.001
This quantity is so small that almost all the Ag* ion will be consumed by NHs in complex formation.
8
Ag* + 2NH:; ==  [Ag(NHz3)2]* K= %
t=0 4x103 b 0
ateq. 1.8x107 (b—8x107%) 4x103
8 —3
k=10 _ el — b =0.0445 M.
6 1.8x107" x(b—8x107°)?
(B) Solubility in appropriate buffer solutions

Appropriate buffer means that the components of buffer should not interfere with the salt or only H* or
OH-ions should be interacting with the ions of the salt.

The solubility of Pb(OH)2 in water is 6.7 x 10-6 M. Calculate the solubility of Pb(OH)2 in a buffer solution
of pH = 8. Take (6.7)% = 301

Ksp =4 x (6.7 x 106)3 =1.204 x 1015

s x (107%)2=1.204 x 10715 = §=1.204 x 10 M

Caculate solubility of MnS in a buffer solution of given pH. Ksp of MnS and K, & K, for Hz2S are given.

Let the new solubility of MnS = x
: [Mn?*] = x = Initial concentration of S?- ions, but free S~ ions will be less because some of the
S?-ions will react with H* from buffer to form HS- and H.S.

Mn?*]=x=[S*]+[HS]+[HS] .. (1)
free
Let us calculate the value of [HST] & [H2S], in terms of free [S?-] ion. For that, consider :
HS- == H*+S> H.S == H* + HS-
Ko = m Ky = [H+][HS_]
[HS'] [H,S]
L1 [s7]
[HS] = K, (2
and [H2S] = [H] HS1_ [HT[S”] .(3)

Ky K K
Put (2) & (3) in (1)

x=[57] (1+w+—[H+]2 j
K, K, K,

= Koo [ H], HT I N PN G o s
" [Mn2+](1+ K, +K1 sz - § J sp[ ’ Kz +K1K2
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© Solubility Exchange :
Precipitate-1 + lon-2 == Precipitate-2 + lon-1
One precipitate is mixed with solution of an ion to get another precipitate and another ion in solution.

Solved Examples

Ex-7. 2M solution of Na2COs is boiled in a closed container with excess of CaF2. Very little amount of CaCOs
and NaF are formed. If the solubility product (Ksp) of CaCOs is x and molar solubility of CaF: is y, find
the molar concentration of F- in resulting solution after equilibrium is attained.

Sol. Na:COs(aq) + CaFz(s) == 2NaF(aq) + CaCOs(s)
t=0 2 — 0 -
t=-eq 2-a - 2a -

where a is very small
For CaCOs, Ksp = x = [Ca?*] [COs?] = [Ca?*] x 2 (- COZ” mainly coming from Na2COs)
X
Ca?]= —
[Ca*] 5

For CaFz, Ksp = 4y8 = (gj [FI?=[F]= 8y”

(D) Solubility related to HxS
The sulphide ion concentration in a solution that has been saturated with H2S is given by :

KayKap [H,S1_ Koy
H']? HT

Solved Examples

Ex-8. What [HsO*] must be maintained in a saturated H2S solution to precipitate Pb2*, but not Zn?* from a
solution in which each ion is present at a concentration of 0.01 M ?
(Ksp of H2S = 1.1 x 10722 ; Ksp of ZnS = 1.0 x 1072* ; \/ﬁz 3.3)
Sol. For ZnS not to be precipitated from a solution of Zn2* and Pb?*, IPznxs < Kspzns)
[Zn?*][S%] < Ksp Of ZnS
[10?][S*] < 1.0 x 1021 .. [SZ#] <101 M
So, at [S*] = 10~ M or less, no precipitation of ZnS will occur.
H2S = 2H* + S

[ =

[H[S*] = Kgpusy = 1.1 x 10722 o [HRy, (1079 = 1.1 x 1022
[Hqiin =11x10"* [H+]min =3.3x102M
Thus, if [H*] = 3.3 x 102 M or more, the precipitation of ZnS will not take place and only PbS will

precipitate.

SUBJECTIVE QUESTIONS

1. (a) For which of the following, water would behave as a levelling solvent and for which, it would behave
as a differentiating solvent ?
Strong acids, weak acids, strong bases, weak bases.
(b) For which of the following, glacial acetic acid would behave as a levelling solvent and for which, it
would behave as a differentiating solvent ?
Strong acids, weak acids, strong bases, weak bases.
(c) For which of the following, liquid ammonia would behave as a levelling solvent and for which, it
would behave as a differentiating solvent ?
Strong acids, weak acids, strong bases, weak bases.

2. Calculate pOH, [CH3sNHz"], [C4H13N2*] & [C4H14N2?*] in an aqueous solution consisting of 0.2 M Methyl
amine (Kb =4.1 x 10%) & 0.1 M Butane-1, 4-diamine (Kp1= 6.2 x 104 M ; Kp2= 2.25 x 1075).
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lonic Equilibrium (Advanced) ﬂ_

3. Upon adding 50 mL of 0.2 M KOH solution to 50 mL of 0.5 M solution of Ethylene diamine
(Kb1 = 8 x 107°; Kp2 = 2.7 x 1078), calculate pH of final solution and [C2Nz2H10 2*] in resulting solution.

4. Determine the pH of 0.5 M BH2Cl: solution (salt of a diacidic base B). Also calculate [BH*] & [B]. Given :
K,, &K, for B are 10°& 2 x 10710

5. Prove that buffer capacity of 0.2 M CHsCOOH-0.2M CHsCOONa buffer is less than the 0.4 M
CH3COOH-0.4 M CH3COONa.

6. A small quantity of phenolphthalein (an acid indicator) is added to a decimolar solution of Sodium

butyrate. Calculate the ratio of the coloured to the colourless form of the indicator. Ka for butyric acid
1.5 x 1075, K for the indicator = 3.075 x 10-1° and Kw = 104, Take log 1.23 = 0.09

7. At pH = 2, half of the indicator, thymol blue (an acid type indicator) is in unionised form. Find the % of
indicator in unionised form in the solution with [H*] =4 x 103 M.

8. A base type indicator B differs in colour from its conjugate acid (BH*). Acidic form is red in colour while
basic form is blue in colour. Human eye can sense blue colour distinctly when ratio of blue form

. ... a
concentration to red form concentration is Y or more. However, red colour can be sensed by human

eye distinctly when ratio of red form concentration to blue form concentration is q or more. Determine

the pH range of solution in which human eyes will be unable to observe distinct red or distinct blue
colour. Take ionisation constant of B as Keq.

9. Determine the maximum number of moles of MgF2 that can dissolve in 1000 L of a buffer solution of

pH = 4. Given : Ksp of MgF2 = % x 1078 and Ka of HF = 3.5 x 10*. Take (2.17)% = 10.

10(a). Determine the concentration of NHs solution whose 1 L can dissolve 0.1 mole CuCOs.

Given : Ksp of CuCO3z = 1.4 x 1071° and K of [Cu(NHz)4]?>* = 2 x 10'3. Take 459120?30 = 4.4. Assume no

other reaction to take place.

10(b). An aqueous solution of a metal bromide, MBr2 (0.05 M) is saturated with H2S. Calculate the minimum
pH at which the metal sulphide will be precipitated. Concentration of H2S in a saturated solution = 0.1M.
[Ka1 of (H2S) = 1077, Kaz of (H2S) = 1.2 x 1013, Ksp for MS = 6 x 10721]

ONLY ONE OPTION CORRECT TYPE

11. In the reaction : Ni2* + 6H20 — [Ni(H20)6]%*,
(A) Ni2* behaves like a Lewis acid. (B) H20 behaves like a Lewis base.
(C) Above cannot be called an acid-base reaction. (D) Both (A) and (B).
12. In water, the bases NaOH, KOH, RbOH, CsOH and Ba(OH)2z exhibit the same strength as they are
completely ionised in water (an acid). This is called ....... of the solvent water.
(A) Strength (B) Capacity (C) Buffer effect (D) Levelling effect
13. The ratio of dissociation constant of two weak acids HA and HB is 4:1. At what initial molar

concentration ratio of two acid solution, the two will have same pH in separate solutions ? Assume
negligible dissociation of both acids in their solutions.

A)2:1 B)1:2 C4:1 (D)1:4
14, For 104 M BOH (weak base ; Kb =5 x 1075) :

(A) a=0.707 (B)[OH]=5x10°M (C)pH=9.85 (D) All of these
15. In a 0.2 M aqueous solution of Ethylene diamine (H2NCH2CH2NH>) :

Given : Kp1= 8 x 1075 & Kp2= 2.7 x 10-8

(A)[OH]=2x102M (B) [C2N2H10%*] = 2.7 x 108 M

(C) Both (A) and (B) (D) none of these
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16. (@) In a solution containing 0.1 M HCI & 0.1 M HsPOs (having dissociation constants K, , K

16.

17.

18.

18.

19.

20.
21.

22.

23.

24,

(b)

(@)

(b)

& K,.),

assuming o << 1 for HsPO4 :
(A)pH=1 (B) oo, = 10K, (C) [HPO; =10 Ks K, (D) All of these

In above question
(A) [PO]=100 Ko, Ko, K (B) [PO} ]=10K, K_K

a "ag - @ ag

(C) [POY1=1000K,K, K, (D) [PO¥] = KK, K

- a ag

A pair of salts are given in a solution each in 0.1M concentration. Which solution has highest pH ?
Given : Order of acidic strength of acids is : HF > HOCI > HOBr > HCN
(A) NaCN and NaOBr (B) NaF and NaOCI (C) NaF and NaOBr (D) NaCN and NaOClI

For a ¢ M KsA (potassium salt of a tribasic acid HsA) solution :
(Dissociation constants of acid are K, , K, & K, ;h<<1)

(W) PH= 2 (PKu + PK,, +10g ©) (B) PH = (K + PK,, + 10 0
(C)pH = %(DKW + pK, +log c) (D) pH = %(pKW - pK,, —logc)
In above solution,
(A) [HAZ] = écK—W (B) [HeA] = K
K, K,
3 2
K. K
(C) [HsA] = K, LA (D) All of these
a; “a, c

Identify acids in the following reactions according to Bronsted - Lowry concept :

() [Fe(H20)s(OH)J?* (ag.) + [Al(H20)s]3* (ag.) — [Fe(H20)e]®* (aq.) + [Al(H20)s5(OH)]?* (aqg.)
(1) 0% (ag.) + H20 (aq.) —> 20H- (ag.)

(1) CH30H (aq.) + H- (ag.) — CH30O~ (ag.) + H2 (g)

(A) [AI(H20)6]3*, H20, H- (B) [Fe(H20)s(0OH)J?*, H20, CH3z0OH

(C) [AI(H20)6]%*, H20, CH3OH (D) [Fe(H20)s(OH)]?*, O, H-

In aqueous solution, boric acid HsBOs is a:
(A) Arrhenius acid (B) Bronsted acid (C) Lewis acid (D) Both (B) & (C)

pOH of a 0.004 M aqueous solution of a diacidic weak base B (pKbi= 3.7 & pKp2=7.3) is :
(A) 3.05 (B) 3.1 (C) 0.65 (D) 3.15

What concentration of OH- ions will reduce NH4* ion to 2 x 10> M in 0.4 M solution of NH4OH ? Kp
(NH4OH) = 1.8 x 10°°
(A) 0.36 M (B) 0.036 M (C)2x10°M (D) None of these

Calculate the pH of a 0.15 M aqueous solution of AICls.
Given : [Al(H20)s]*(aq) + H20(¢) =— [Al(H20)s OH]?*(aq) + H3O*(aq) ; Ka = 1.5 x 105
(A) 2.82 (B) 5 ©)9 (D) 11.18

Calculate [OH"] & [H2C204] in a 0.005 M Na2C204 solution. Given : Kal & Kaz for oxalic acid are 5.6 x

102 & 5.4 x 1075, Take ‘1 =0.096
108

(A) [OH] = 9.6 x 107 M (B) [H2C204] = %xm-ﬂ M

(C) Both (A) & (B) (D) None of these

/\
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25.

26.

27.

28.

29.

30.

31l.=

32.

33.=

Species acting as both bronsted acid and base is :
(A) HSO4 (B) Naz2CO3 (C) NHs (C) OH-

Which one of the following statements is not true ?

(A) The conjugate base of H2PO4~ is HPO42~.

(B) pH + pOH = 14 for all aqueous solutions at 25°C.

(C) The pHof 1 x 108 M HCl is 8.

(D) 96, 500 coulombs of electricity when passed through a CuSOa4 solution deposits 1 gram equivalent
of copper at the cathode.

When rain is accompanied by a thunderstorm, the collected rain water will have a pH value :

(A) slightly lower than that of rain water without thunderstorm.

(B) slightly higher than that when the thunderstorm is not there.

(C) uninfluenced by occurrence of thunderstorm.

(D) which depends on the amount of dust in air.

100 mL of 0.05 M C3N2H12S0O4 (salt of Propane-1,2-diamine & H2S04) and some volume of 0.1 M
CsN2H11 Cl (salt of propane-1,2-diamine & HCI) are available. What volume (in mL) of 2" salt solution
should be taken to prepare a buffer solution of pH = 6.31 ? Given : pKb1 & pKbz of propane-1, 2-diamine
are 4.18 & 7.39 respectively.

(A) 50 mL (B) 25 mL (C)12.5 mL (D) 0.015 mL

Select the correct set of statements for an acid type indicator used in a titration :

(i) In general, pH range of an indicator is (pKa— 1) to (pKa + 1) and indicator shows its characteristic
colours in this range.

(i) In general, pH range of an indicator is (pKa — 1) to (pKa + 1) and indicator does not show its
characteristic colours in this range.

In
(iii) In the relation : pH = pKn + 109y, m , pH value represents pH of indicator solution.
In~
(iv) In the relation : pH = pKin + |0910m, pH value represents pH of resulting solution containing
indicator.
(A) i &iii (B) ii & iv (C) i &iii (D)i&iv

Methyl orange indicator (pH range = 3.1 — 4.4) cannot be used for end point detection of following
titration(s) :

(A) CH3COOH vs NaOH (B) H202 vs KMnOzs4 (in acidic medium)

(C) Both (A) & (B) (D) None of these

A certain indicator (an organic dye) has pKa = 5. For which of the following titrations may it be suitable ?
(A) acetic acid against NaOH (B) aniline hydrochloride against NaOH

(C) sodium carbonate against HCI (D) barium hydroxide against oxalic acid

The best indicator (with their pH range given) for the detection of end point in titration of a weak acid
and a strong base is :

(A) Methyl orange (3 to 4) (B) Methyl red (5 to 6)

(C) Bromothymol blue (6 to 7.5) (D) Phenolphthalein (8 to 9.6)

At pH < 3.1, the indicator methyl red is coloured red, at pH > 6.3, it is yellow and at the intermediate
values

of the pH, it is orange. What will the colour of indicator be in a 0.1 M solution of NH4Br ? Take pKbo
(NH4OH) = 4.74.

(A) Red (B) Yellow

(C) Orange (D) pH = 3.1 so colour cannot be predicted

/\
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lonic Equilibrium (Advanced) ﬂ—
34. What fraction of an indicator Hin is in basic form at a pH of 6 if the pKa of the indicator is 5 ?

9 1 10 1
A ® 3 © 7 ®) o

35. 50 mL of 0.1 M NaOH is added to 60 mL of 0.15 M HsPOQas solution (K1, K2 and Ks for HsPO4 are 1073,
10-8and 1013 respectively). The pH of the mixture would be about :
(A) 3.1 (B) 5.5 (©) 4.1 (D) 6.5

36. A buffer solution is prepared by mixing 'a' moles of CHsCOONa and 'b' moles of CHsCOOH such that
(a + b) = 1, into water to make 1L buffer solution. If the instantaneous (differential) buffer capacity of
this buffer solution is plotted against moles of salt CHsCOONa (a), then the plot obtained will be (to the
scale) approximately :

0.55- !
|
B 0.50 I
5025 | |
S [ > 0.454 !
9 0.207 | e I
A S ! (B) & 0.40- !
© 0.151 ! 3] !
E ' 3 0354 |
@ : 5 I
0.10 — T T T 1 o !
00 0.2 04 06 08 1.0 0.30 T T T 1
a 00 02 04 06 08 1.0
a—»
> 0257~
g | z
S 0.45 £ 0.20-
© o
(©) & 0.40- (D) 5 0.15]
S =
0.10 — T T
00 02 04 06 08 1.0
a—»»
37. An acid-base indicator which is a weak acid has a pKin value = 5.45. At what concentration ratio of

sodium acetate to acetic acid would the indicator show a colour half-way between those of its acid and
conjugate base forms? [pKa of acetic acid = 4.75]

A)4:1 B)6:1 (©)5:1 (D)3:1

38. If the indicator is a weak acid with Kin = 4 x 104, for indication of equivalence point of which of the
following neutralisation(s), would the indicator be useful ?
(A) HCI + NaOH (B) HCI + NH3 (C) NaOH + CH3COOH (D) Both (A) and (B)

39. 50 mL of 0.05 M NazCOs is titrated against 0.1 M HCI. On adding 40 mL of HCI, pH of the solution will
be : [Given : For H2COs, pK, = 6.35, pK, =10.33]

(A) 6.35 (B) 6.526 (C) 8.34 (D) 6.173

40. One mole of a sparingly soluble salt MX are added in 1 L saturated solution of another sparingly soluble
salt NX. If Ksp (MX) >> Ksp (NX), then : (Assume no chemical reaction to be taking place).
(A) Some MX & NX solid will get collected at the bottom of vessel.

(B) [X]=~ \//K,,(MX) (C) [N] » Ky (). (<< [M*]) (D) All of these

JKe (MX)
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41.

42.

43.

44,

45,

46.

47.

48.

49(a).

The solubility of CaCOs is 7 mg / litre. Calculate the solubility of BaCOs (in mol/L) from this information
and from the fact that when Na2COs is added slowly to a solution containing equimolar concentration of
Ca*? and Ba*?, no precipitate of CaCOs is formed until 90% of Ba*? has been precipitated as BaCOs .
(Assume no hydrolysis of COs2-ion).

(A) 4.9 x 10-10 (B) 7 x 106 (C) 2.21 x 105 (D) 4.9 x 1011

To a solution formed by adding n mole of sparingly soluble salt MX in 1 L water, NaY solid (a readily
soluble salt) is added until x% of MX is converted to MY(s) (another sparingly soluble salt). Then :
(Assume no hydrolysis of any ion).

(A) Resulting solution can be called saturated with respect to both MX & MY.

® [x |-
1 Kep(MY)  nx
© [y ]=Wxﬁ

(D) All of these

A sample of AgCl was treated with 5 mL of 1.6 M Na2COs solution to give Ag2COs. The resulting
solution contained 0.00284 g of CI- per litre. Determine Ksp(AgCl), if Ksp(Ag2COz) = 8.1 x 1012
(Assume no hydrolysis of any ion).

(A) 1.8 x 1020 (B) 1010 (C)10-° (D) 1.34 x 1075

To a solution of 0.1 M Mg? and 0.8 M NH4Cl, an equal volume of NHs is added which just gives
precipitate. Calculate [NH3] in its solution. Ksp of Mg(OH)2 = 1.62 x 101! and K, of NH4OH = 1.8 x 10-5.
(A) 0.4 M (B) 0.8 M (C)16M (D) 0.08 M

Solubility of Fe(OH)s (Ksp = 10-%8) :
(A) In a buffer solution of pH = 2 is 102 mol/L  (B) In a buffer solution of pH = 11 is 10-2° mol/L
(C) Both (A) & (B) (D) None of these

What maximum pH must be maintained in a saturated H>S solution (0.1 M) to avoid precipitation of both
Mn2* & Fe?* from a solution, in which each ion is present at a concentration of 0.01 M ?

(Ka of H2S = 9.6 x 1021 ; Ksp of MNS = 2.5 x 10713 ; Kgp of FeS = 6.4 x 10718)

(A)5.2 (B) 2.91 (C 4.7 (D) 2.41

What minimum pH must be maintained in a saturated H2S solution (0.1 M) to cause precipitation of both
Mn2* & Fe?* from a solution, in which each ion is present at a concentration of 0.01 M ?

(Ka of H2S = 9.6 x 10721 ; Ksp of MNS = 2.5 x 10713 ; Ksp of FeS = 6.4 x 10718)

(A) 5.21 (B) 2.91 (C) 4.7 (D) 2.41

A decimolar solution of HCI is saturated with H2S gas. Calculate the minimum [Cu?*] ion that will
saturate the above solution with CuS. Given Ksp of CuS = 6.4 x 10736, Ka for H2S = 9.6 x 102! and
solubility of H2S = 0.1 mole litre=1.

(A) %xlo_wM (B) %xlO'MM (©) %xlO‘“‘M (D) gxlo"mM

The salt Al(OH)z is involved in the following two equilibria :

Al(OH)3(s) =——— Al**(aq) + 30H(aq) ; Ksp

Al(OH)s(s) + OH-(ag) =—— AI(OH); (aq) ; Kc

Which of the following relationship is correct when the solubility is minimum ?

myor]= K= B) [OH] = |~ N

(A) [OH] = K. B[ ]_K_sp
KS 1/4

(C) [OH] = < p] (D) None of these

/\
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lonic Equilibrium (Advanced) ﬂ—
49(b). Arrange solubility of AgBr in the given solutions in increasing order : (consider no hydrolysis of Ag* ion)
(i) 0.1 M NHs (i) 0.1 M AgNOs (iii) 0.2 M NaBr (iv) pure water
(A) (iii) < (ii) < (iv) < (i) (B (iii) < (i) < (i) < (iv) (C) (iii) < (ii) = (i) < (iv) (D) (i) < (iii) < (iv) < (i)
49(c). Al(OH)z is involved in the folllowing two equilibria :
Al(OH)3(s) == AP*(aq.) + 30H(aq.) & AI(OH)s(s) + OH-(ag.) = [Al(OH)+](aq.)

Then:
(A) Solubility of AI(OH)s will be more in acidic solutions & less in basic solution, both as compared to in
water.
(B) Solubility of Al(OH)s will be less in acidic solutions & more in basic solution, both as compared to in
water.
(C) Solubility of Al(OH)3 will be more in acidic solutions & more in basic solution, both as compared to in
water.
(D) Solubility of Al(OH)3 will be less in acidic solutions & less in basic solution, both as compared to in
water.

MATCH THE COLUMN

50. Match the entries of column Il for which the equality or inequality given in the column | are satisfied.
(Use log 1.8 = 0.26, Ka of formic acid = 1.8 x 10, Ka of acetic acid = 1.8 x 10-°, K, of ammonia = 1.8 x
10, K, of H2S = 10" and K, of H2S = 10714, for the following matchings)

Column | Column I

(A) 10-5 M HCI solution > 0.1 M H2S solution (p) | awater (degree of dissociation of water)
(B) | CHsCOOH solution of pH equal to | (q) | [OHT]

4.74 = NHs.H20 solution of pH equal to 9.26
(C) | 0.1 M CH3COOH solution = 1.0 M HCOOH | (r) | o (degree of dissociation)
solution
(D) 0.1 M solution of a weak acid HA1| (s) | pH
(Ka = 107%) < 0.01 M solution of a weak acid
HA:2 (Ka = 107°5)

51. Match the column:
Column-| Column-ll
Mixture of various solutions pH of
resulting solution
(A) | 10 L of 0.015 M Ba(OH)2 + 5 L of 0.08 M HCI + 485 L of 0.05 M BaCl2 (p) | 5.5
(B) | 100 mL of 0.15 M CH3COOH (pKa = 4.74) + 50 mL of 0.3 M NaOH () | 11.2
(C) | 20 mL of 0.5 M RNHsCI (Kn = 10-°) + 20 mL of 0.5 M KOH () | 8.87
(D) | 10 mL of 0.1 M Hz A (pKal:4, PK,, =7, pKy, = 11)+10 mL of 0.1 M NaOH | (s) | 3.7

52. Match the effect of addition of 1 M NaOH to 50 mL of 1 M H2C204 (diprotic acid) in column | with
column I (Given : K, =10, K, =107)

Column-| Column-Ii
(A) | 25 mL of NaOH (p) | Buffer solution
(®) | 50 mL of NaOH @ pH is ino_lependent of concentration of species present in
the solution.
(C) | 75 mL of NaOH n anionic hydrolyisis
(D) | 100 mL of NaOH (s) |pH>7
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/\ g

53. Match the column:
Column-I Column-II
Best Indicat ith its pH
Titrations est Indicator (VYI its pH range)
to detect end point
(A) | Titration of 0.1 M H2SO4 by adding 0.1 M KOH (p) | Methyl red (4.2 — 6.3)
Titration of 0.5 M HCOOH (pKa = 3.74) by adding
(B) 0.125 M NaOH (aq) | Phenol red (6.8 — 8.2)
Titration of 0.2 M NH4OH (pKb = 4.74) by adding
C r Methyl orange (3.1 — 4.4
©) | 0.1 M H250s ) ytorange ( )
Titration of 0.3 M Na2COs by adding 0.3 M HCI _
(®) (Ky & K, 0f H2COz are 4 x 1077 & 5.6 x 107H) (s) | Phenolphthalein (8.3 - 10)
54. Match the column:
Column-I Column-II
(Concentration/solubility) (Solutions)
Mg?Imin required for precipitation of Mg(OH)2 (Ksp = 1.794 x 1011
®) | 8x105M ®) [Mg*1] g 1 [ECTE 9(OH)2 (Ksp )
from a solution containing 0.36 M NaOH.
(B) | 1.38 x 1010 M (q) | Solubility of Hg2Cl2 (Ksp = 1.296 x 10-18) in 0.18 M BaCl: solution.
Ca?'] in a solution saturated with respect to both CaCO3z (Ksp = 2.6
(C) 107" M (r) [ ] p 3 ( sp
x 107%) & CaC204 (Ksp = 3.8 x 1079).
(D) | 75 x 1018 M (s) | Solubility of Fe(OH)s (Ksp = 10-28) in pure water.
[Ag] in resulting solution obtained by mixing equal volumes of 0.06
(t) | M AgNO3 solution & 0.2 M KCN solution (Kt of [Ag(CN)2]- = 2.5 x
1018),
SINGLE AND DOUBLE VALUE INTEGER TYPE

55. What is the sum of basicity of Hs3POas, H3POs, H3PO2, H3BOs, (COOH)2, H2S208, H2SO4, H2SO3, H2COs3,
H2S and H4P20s5 ?

56. 'A' solution of strong acid/strong base of pH = x is mixed with equal volume of 'B' solution of strong
acid/strong base of pH = (14 — x), such that the resulting mixture has a pH = 7. If only natural number
values of x are allowed, excluding x = 7, then how many possible values of x would be there ?
(Negative values of pH are not to be considered)

57. An NH; —NHz buffer is supposed to keep the pH of the solution constant within 0.3 pH unit during the
reaction. CHsCOOCHS3(aq) + 2H20(aq) — CH3COO-(aq) + HsO*(aq) + CHsOH(aq)
If this solution had initial concentrations : [NH4*Jo = 0.1 M, [NHs]o = 0.06 M, [CH3COOCHS3s]o = 0.02 M,
determine the magnitude of pH change as a result of reaction.
Multiply the magnitude by 10 & add 1 if it is a satisfactory buffer, otherwise subtract 1. Report the
answer rounding it off to the nearest whole number.
[Ko(NH3) = 1.8 x 10-5]

58. 0.98 g H3POs is dissolved in 100 mL of a buffer solution (pH = 5). If the equilibrium concentrations of

H,PO, ,HPO? , PO} and HsPOs are Ci1, C2, Cs and Cs respectively. Find pC1 + pCz + pCs + pCa.
(pCi=~log Ci; wherei=1, 2, 3, 4) Given : For HsPO4, K, =103, K, =108, K, =102
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59. End point/equivalence point of how many of the following titrations cannot be detected with the
indicators given against them ?
Titration Indicator with its pH range
0] KOH + HCN Methyl orange (3.1 - 4.4)
(i) NaOH + HF Hin (Kin =3 x 1074)
(i) | HNOgs + Sr(OH): Phenol red (6.8 - 8.2)
(iv) | HCIOa4 + Aniline Methyl red (4.2 - 6.3)
(v) | HCI + Dimethyl amine Hin (Kin =5 x 1075)
(vi) | Ba(OH)z2 + HNO:2 Phenolphthalein (8.3 - 10)
(vii) | NaH2PO2 + H2SO4 INOH (Kin = 3 x 10-5)
(viii) | Pyridine + Benzoic acid Phenol red (6.8 - 8.2)
(ix) | KH2BOs + HI Methyl red
60. Number of compounds among following which give two end points when titrated with HCl is ........
COOH
NazHPO4, NazS, K2C204, KHC204, HsPOs, | , K2CO3z, NaHCOz3, Ethylene diamine
COOH

61. On addition of V mL volume of 0.1 M KOH, buffer capacity is found maximum at pHsolution = X (> 7),
when it is titrated against 50 mL, 0.2 M H2COs. (For H2COs: K, =4.3 x 10, K, = 5.6 x 1071%)

Report your answer as (V + x) x 0.4, rounding it off to the nearest whole number.

62. The solubility product of Ag2C204 at 25°C is 1.29 x 1011 mol® L=3. A solution of K2C204 containing
0.152 mole in 500 mL water is shaken with excess of Ag2COs till the following equilibrium is reached :

Ag2CO3(s) + K2C204(aq) =—— Ag2C204(s) + K2COs(aq)
At equilibrium, the solution contains 0.0358 mole of K2COs. Assuming the degree of dissociation of
K2C204 and K2COs to be equal, if the solubility product of Ag2COs is 3.794 x 10~ mol3L-3, find x.
63. Find out maximum number of moles of PbCOs soluble in 100 L buffer solution of pH = 3, rounding it off
to the nearest whole number.
K, (H2COgs) = @X 107
' 11
K,, (H2CO3) =5.5 x 10~
Ksp (PbCO3) = 7.5 x 1014 ; (Take \l0.3 = 0.55)

64. 0.1 millimole of CdSO4 are present in 10 mL acid solution of 0.08 M HCI. Now H:S is passed to
precipitate all the Cd?* ions. Find the pOH of the solution after filtering off precipitate, boiling off H>S and
making the solution 100 mL by adding H20.

ONE OR MORE THAN ONE OPTIONS CORRECT TYPE
65. Select correct statement(s) :
(A) CH3COOH (a weak acid) behaves as a strong acid in NHa.
(B) HNOs (strong acid) behaves as a base in HF (anhydrous).
(C) H2S04 dissociates to a very small extent in glacial CHsCOOH.
(D) Hl is a stronger acid than HCI in H20.
66. C M fluoroacetic acid solution was found to contain [H*] = 1.5 x 10-* M. Ka of fluoroacetic acid = 2.5 x

10-8. Then :
(A)C=9x10*M (B) [FCH2COOH] =9 x 104 M
(C)C=24x10°M (D) o = 0.625
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67. To 1L ofa 1.6 x 10 M aqueous solutions of ethylene diamine (K, =8 x 10, K, =2.7 x 1078), 5 x
10~* mole of Ba(OH):z is added. Then :

2+ +
(A) pHi—pHi=0.5 (B) ai — s = 0.12 © % =0.128 (D) M =
[CNHig ]; [CNHg );
68. The correct relationship(s) between the pH of isomolar solutions of Na2O (pH1), Naz2S (pH2), Na:Se
(pH3) and NazTe (pHa) is/are :
(A) pH1 > pH2 (B) pH2 < pHa (C) pH2 < pH3 (D) pHs > pHa4
69. For a 0.072 M NaHSO:4 solution, select the incorrect option(s) : (K, and K, of H2SO4 = 0 & 1.2 x 107?)
(A) pH=1.62 (B) pH =7.39
(C) Degree of hydrolysis, h = 1 (D) h=3.4x10°

NG

70. Choose the correct statement(s) about buffer capacity during titration of NH4OH with HCI :
(A) Buffer capacity during titration first increases, then decreases.
(B) Buffer capacity reaches to maximum at equivalence point.
(C) Buffer capacity will increase if concentration of NH4OH increases.
(D) Buffer capacity value will remain same if strong acid HCl is replace by H2SO4 of equal [Hz0"].

71. Which of the following statements is/are true for indicators ?
(A) Indicators catalyse the acid base reactions by releasing or accepting H* ions.
(B) Indicators do not significantly affect the pH of the solution to which they are added.
(C) Acid-base reactions do not occur in absence of indicators.
(D) Indicators have different colours in dissociated and undissociated forms.
72. Let the colour of the indicator HIn (colourless) will be visible only when its ionised form (pink) is 25% or
more in a solution. Suppose HIn (pKin = 9) is added to a solution of pH = 9.6. Predict what will happen :
(A) pink colour will be visible. (B) pink colour will not be visible.
(C) % of ionised form will be less than 25%. (D) % of ionised form will be more than 25%.

73. When a weak base solution (50 mL of 0.1 M NH4OH) is titrated with a strong acid (0.1 M HCI), the pH of
solution initially decreases fast and then decreases slowly till near equivalence point (as shown in the

figure). Which of the following statements is/are true ?
pH 144

50
volume of acid added (cm®)
(A) The initial fast decrement in pH is due to fast consumption of free OH- ions by HCI.
(B) The slow decrease of pH is due to formation of an acidic buffer solution after addition of some HCI.
(C) The slope of shown pH graph (magnitude only) will be minimum when 25 mL of 0.1 M HCI is

added.
(D) The slow decrease of pH is due to formation of a basic buffer solution after addition of some HCI.
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74. A solution of a substance is titrated against a strong base (or acid), volume V of strong base (or acid) is
plotted against pH of the solution (as shown in figure). The substance could be :

pH
8 [

= Al = 77-""
1 ¢

Midpont 1

~N

Midpaint 2~y

Second Equivalence Pomnt  —

\(

J
J

First Equivalence Point

8

16

V Volume of Strong Base Added (ml)

(A) Na2CO3 (B) Ethylene diamine  (C) H2C204 (D) CH2(COOH)2
75. Select the correct graph(s) for the corresponding acid-base titration :
14~ 14
12 - 12
10 |- 10
pH 8 B pH e B .
6 - Equivalence 6 Equivalence
4 — point — point
(A) - B)7 —
2+ 2 :
O_IIIIIIIIIII O_IIIIIIIIIII
10 202530 40 50 5 15 25 35 45 55
Volume NaOH added Volume of HCI
Titration curve of strong acid The pH titration curve of weak base (NH,OH)
(HCI) with a strong base (NaOH) and strong acid (HCI)
pH
A
Second Equivalence point L
[diacidic base] = 0.1 M, V =x
14—pKp,
LT} A | [monobasic acid] = 0.1 M
Midpoint2  |:
pH L 4P, [ty
(ORI - i (D) |
+  First Equivalence point i
2 X ' P
Midpoint 1 oo
8 16 Yax X 1YaX 2X g
Volume of stron_g bgse _ Volume of strong acid
added to a weak dibasic acid added to a weak diacidic base
76. 100 mL of a clear saturated solution of Ag2SO4 is added to 250 mL of a clear saturated solution of

PbCrOa. Then select the incorrect option(s). Given Ksp values for Ag2S0Oa4, Ag2CrO4, PbCrO4 and PbSO4
are 1.4 x 1075, 2.4 x 107%2, 2.8 x 10712 and 1.6 x 108 respectively.

(A) [Ag+]Just after mixing = 3.038 X 102 M.
(B) [Pb2+]Just after mixing = 3.78 x 107" M
(C) Only PbSO4 will get precipitated.

(D) Both Ag2CrO4 and PbSO4 will get precipitated.
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lonic Equilibrium (Advanced) ﬂ—
77. Calculate [Ag*], [COs?7] & [CrO4*7] in a solution saturated with respect to both Ag2COz & Ag2CrOa.

. 1
Given: Ksp (Ag2CO3) =4 x 10712 ; Ksp (Ag2CrO4) =2.4 x 10712 & 2 =0.146

B

(A) [Ag']=2.336 x 104 M (B) [COz*]=7.3x10"°M
(C) [CrO4*]=4.35x10"°M (D) 2[Ag*] = [CO3?%7] + [CrO4*]
78. A sample of AgCl was treated with 5 mL of 1.5 M Na2COs solution to give Ag2COs. The remaining
solution contained 0.0026 g of CI- per litre . Then : (Ksp(Ag2COs) = 8.2 x 10-1?)
(A) Ksp(AgCl) = 1.17 x 10710 (B) Ksp(AgCl) = 1.17 x 10-°
(C)[Ag*1=2.34 x 107" M (D) [Ag*] =2.34 x 105 M
79. In which of the following solutions, the solubility of AGCN will be greater than that in pure water ?
Given : Ksp(AgCN) =4 x 10716 | Kq (HCN) =5 x 10-10
(A) 0.01 M Ag NOs solution (B) A buffer solution of pH =12
(C) 0.2 M NHs solution (D) A buffer solution of pH =5

80. The simultaneous solubility of AGCN (Ksp = 2.5 x 10-%6) and AgCI (Ksp = 1.6 x 10-1%) in 1 M NHas(aq) are
s1 and sz respectively. Then : [Given : Kf [Ag(NH;),]= 107]

4 _
(A) s1= ——mollL ®s2= 2 _mo. () L€ _6ax105
27 1728 [CN]

! . . .S
(D) Separate values of s1 and sz cannot be determined, just their ratio === 1.5625 x 10° can be
1

known.
PART - IV : PRACTICE TEST-2 (IIT-JEE (ADVANCED Pattern))

Max. Time : 1 Hr. Max. Marks : 66

Important Instructions

A. General :

1. The test is of 1 hour duration.

2. The Test Booklet consists of 22 questions. The maximum marks are 66.

B. Question Paper Format :

3. Each part consists of five sections.

4, Section 1 contains 7 multiple choice questions. Each question has four choices (A), (B), (C) and (D)
out of which ONE is correct.

5. Section 2 contains 5 multiple choice questions. Each question has four choices (A), (B), (C) and (D)
out of which ONE OR MORE THAN ONE are correct.

6. Section 3 contains 6 questions. The answer to each of the questions is a single-digit integer, ranging
from 0 to 9 (both inclusive).

7. Section 4 contains 1 paragraph, describing theory, experiment and data etc. 3 questions relate to

paragraph. Each question pertaining to a partcular passage should have only one correct answer
among the four given choices (A), (B), (C) and (D).

8. Section 5 contains 1 multiple choice questions. Question has two lists (list-1 : P, Q, R and S; List-2 : 1,
2, 3 and 4). The options for the correct match are provided as (A), (B), (C) and (D) out of which ONLY
ONE is correct.

Marking Scheme :

For each question in Section 1, 4 and 5 you will be awarded 3 marks if you darken the bubble
corresponding to the correct answer and zero mark if no bubble is darkened. In all other cases, minus
one (— 1) mark will be awarded.

10. For each question in Section 2, you will be awarded 3 marks. If you darken all the bubble(s)
corresponding to the correct answer(s) and zero mark. If no bubbles are darkened. No negative marks
will be answered for incorrect answer in this section.
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lonic Equilibrium (Advanced) ﬂ_

11. For each question in Section 3, you will be awarded 3 marks if you darken only the bubble
corresponding to the correct answer and zero mark if no bubble is darkened. No negative marks will be
awarded for incorrect answer in this section.

Note : Take water as solvent and temperature as 25°C, if not specified.
Take log2=0.3,log 3=0.48,log 5 =0.7, log 7 = 0.845, if not specified.

SECTION-1 : (Only One option correct Type)
This section contains 7 multiple choice questions. Each questions has four choices (A), (B), (C)
and (D) out of which Only ONE option is correct.

1= Azhar prepared three different solutions of HCI, NaOH and brine (NaCl) but forgot to label them. In
order to identify he kept them on table and named them as solution I, solution Il and solution III.
When he added a sample from solution Il or solution Il to a sample from solution I, the pH of the
solution | increased. However, when a sample from solution Ill was added to a sample from solution |,
the pH of the solution Il decreased.
Identify the incorrect option(s) :
(A) Solution I, Il and Il contain HCI, NaOH and NaCl respectively.
(B) Solutions | and solution 11l can be mixed to get the pH of solution II.
(C) pHi < pHu < pHn
(D) Both (B) & (C)

2. An aqueous solution contains 0.01 M RNHz (Kp = 2 x 10%) & 10~* M NaOH.
The concentration of OH- is nearly :
(A) 1414 x 104 M (B) 104 M (C)3x10*M (D)2 x 10+ M

3. A 0.01 M solution of PuO2(NO3)2 was found to have a pH of 4. Then select the INCORRECT option :
(A) % hydrolysis of PuO3* =1 %. (B) Kb for PuO2(OH)* = 10-%.

(C) Hydrolysis is expected to be endothermic. (D) None of these

VRN 10 mL of 0.1 M HCI solution is added in 90 mL of a buffer solution having 0.1 M NH4OH and 0.1 M
NH4Cl. The percentage change in pH of solution is : (Ka of NH4* =5 x 10-19)

. 10 . 10
(A) E% increase (B) 104 % decrease  (C) — % increase (D) — % decrease
4.7 4.7 9.3 9.3

5a Select INCORRECT statement :
(A) Phenolphthalein is not a suitable indicator for the titration of HCl(aq) with NH4OH(aq).

1000

(B) An acid-type indicator in a buffer solution of pH = pKin + 1 is ionized to the extent of 1 %.

(C) In the titration of a monoacidic weak base with a strong acid, the pH at the equivalent point is
always calculated by pH = % [PKw — pKb — log C].
(D) When NasPOas(aq) is titrated with HCl(aqg), the pH of solution at second equivalent point is
calculated by %[pKal+pl<az ]

6.»  The solubility of SrF2 (Ksp = 2.5 x 10-°) in 0.1 M SrCl: solution is : (neglect hydrolysis of F-)
(A) g x 10~ mol/L (B) 5 x 10~ mol/L © S\E x 105 mol/L (D) gx 10-3 mol/L

7.5 pH of a saturated solution of silver salt of monobasic acid HA is found to be 9.
Find the Ksp of sparingly soluble salt AgA(s).

Given : Ka(HA) = 10710
(A) 1.1 x 101t (B) 1.1 x 10710 (C) 1012 (D) Data insufficient
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Section-2 : (One or More than one options correct Type)
This section contains 5 multipole choice questions. Each questions has four choices (A), (B),
(C) and (D) out of which ONE or MORE THAN ONE are correct.

8. Which of the following options is/are true for alkaline aqueous solution ?
(A) pH > % (B) pH > pOH (C) pOH <pKTW (D) pH < pOH

9. pH of aqueous solution of which of the following salt(s) is/are independent of its concentration ?
(A) CH3COONa (B) CsHsNHsCI (C) KCIO4 (D) CH3COONHj4

10.= A base type indicator is half in ionised form when pH is 7.2. If the ratio of unionised form to ionised form
is 1:5, let pH of the solution is pHi1. With the same pH of solution, indicator is altered (not its type) such
that the ratio of unionised form to ionised form is 1 : 4. Let pH2 be the pH of solution when 50% of new
indicator is in ionised form. Then :
(A)pH1=7.9 (B) pH1=6.5 (C) pH2=17.3 (D) pH2=7.1

11. A 2.5 g impure sample containing weak monoacidic base (Mol. wt. = 45 u) is dissolved in 100 mL water
. . 1)" .
and titrated with 0.5 M HCI. When (gj of the base was neutralised, the pH was found to be 9 and at

equivalence point, pH of solution is 4.5. Select correct statement(s) :
(A) Kb of base is less than 10-5.

(B) Concentration of salt (C) at equivalent point is 0.25 M.

(C) Volume of HCl is used at equivalent point is 100 mL.

(D) Weight percentage of a base in given sample is 80%.

12.=»  The solubility of metal sulphides in saturated solution of Hz2S {[H2S] = 0.1 M} can be represented by :
[M*]H,S]

HT
The value of Keq is given for few metal sulphides. If concentration of each metal ion in solution is 0.01
M, which metal sulphide(s) is/are selectively precipated at total [H*] = 1 M in saturated H2S solution ?

MS + 2H* ‘=\M2++ HoS ; Keq=

Metal sulphide : MnS ZnS CoS PbS
Keq : 3 x 10%0 3x 1072 3 3x 107
(A) MnS (B) ZnS (C) Cos (D) Pbs

Section-3 : (One Integer Value Correct Type.)
This section contains 6 questions. Each question, when worked out will result in one integer
from 0 to 9 (both inclusive)

13.m  Value of Keq at 25°C for reaction : NHs + HsO* —= NHa4" + H20 is 2 x 10°. Determine pKp of NH4+OH,
rounding it off to nearest whole number. Report your answer as '0' if value cannot be determined.

14.w» Ina3.24 L closed cylindrical container, the following equilibrium is established at 0°C :
2Ag(s) + 2I-(aq) + 2H0()F= 2Agl(s) + H2(g) + 20H(aq)

. o i _ _ 1)
The equilibrium constant for the above reaction is 4 x 10-°. At equilibrium, solution occupies [mj

height of the container and contains 0.5 M |- and other species. If gaseous matter weighs 2 g, find pOH
of solution. Neglect aqueous tension.

15. Calculate [AZ]/[H*] in an aqueous solution of 0.1 M H2A (dibasic weak acid).
Given : For H2A, Ka1 = 0.05, Kap= 2 x 1075,
Report your answer after multiplying by 1,00,000.
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16.» To a 200 mL of 0.1 M weak base BOH solution, 46 mL of 0.2 M solution of HCI are added. Now, what
volume (in mL) of 0.1 M H2SO4 should be added into above solution, so that pH of resulting solution
becomes 9?7  [Kn(BOH) = 10-9]

17. 3.29 x 10=2 mg AgBr(s) (Ksp= 4.9 x 10-13) is added to 250 mL water. Determine the % saturation of
solution. Report your answer after dividing by 10. (Report your answer as '0', if the given amount of salt
cannot dissolve/just dissolves).

18.= A buffer solution has 0.25 M CH3COOH, 0.15 M CH3sCOONa, [Mn?*] = 0.015 M and is saturated with
H2S (0.1 M). Given : Ka (CH3COOH) = 1.8 x 10-5, Ka(H2S) = 9 x 1021, Ksp(MnS) = 2.4 x 10713,
Concentration of a component of the buffer may have to be increased to start the precipitation of MnS.
What would be its new concentration (in mole per litre) ? Report your answer after multiplying by 10.
(Report your answer as '0', if the concentration of any component need not be increased to start the
precipitation).

SECTION-4 : Comprehension Type (Only One options correct)
This section contains 1 paragraph, describing theory, experiments, data etc. 3 questions relate
to the paragraph. Each question has only one correct answer among the four given options (A),
(B), (C) and (D)
Paragraph for Questions 19 to 21
Read the following passage carefully and answer the questions.
Consider the following experiment set-up with stopcocks-S1,S2,S3,S4 and taps-T1,T2,T3,Ta.
Safety clamp
T — 500 mL, 0.2 M
T, S, HNO,(aq)
500 mL, 0.1 M
" HCl(aq)
500 mL, 0.2 M
" NaOH(aq)
»500 mL, 0.2 M
CH,COOH(aq)
K,=1.75x10"°
3L
Bucket
2L Tub iy » 500 mL pure water
[ —1
19..= In which of the following cases will the solutions in tub have a pH different from others ?
(A) T1 and T4 are opened. (B) Only T2 is opened.
(C) Ty, T2, Ts and T4 are all opened. (D) Tz is opened and the content of bucket is poured in the tub.
20.=» A pH meter is immersed in the bucket of the original set-up shown. It shows a reading of 7. Now, S1 is
first opened and all content is allowed to drain out into the bucket. pH of the solution in the bucket is
measured again. Similarly Sz, Sz and S4 are sequentially opened and the the pH of the solution in the
bucket is measured each time after complete drainage. Opening which stop cock would cause
maximum pH change (increase/deacrease) compared to the previous pH in bucket ?
(A) S1 (B) S2 (C) Ss (D) S4
21.=» The above apparatus was setup to study the functioning of the human stomach, where a low pH is

maintained at a nearly constant value even when reactions take place in it. Following the same
procedure as in the previous question, can a solution imitating stomach-like pH properties be generated
in the bucket, and if so, by opening which stopcock ? Would this solution have the lowest pH possible
from this setup ? If your answer is "No" for any of these questions, then after answering "No", choose
the stopcock, opening of which will lead to solution in bucket with minimum pH, following the same
procedure as above.

(A) Sa; Yes (B) No ; S4 (C)S3;No; S1 (D) S3; No ; S4

/\
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which one is correct

SECTION-5 : Matching List Type (Only One options correct)
This section contains 1 question, having two matching lists. Choices for the correct
combination of elements from List-l and List-1l are given as options (A), (B), (C) and (D) out of

22w 0.01 mole of AgNOs are gradually added to 1 litre of a solution, which is 0.1 M in Na2CrO4 and 0.005 M
in NalOs. (Ksp values of Ag2CrO4and AglOz are 108 and 1013 respectively)
Now match the values in list Il with list I.
List-I List-I
() | Mole of precipitate formed (P) | 0.0975
(I | Equilibrium concentration of Ag* (in mol/L) (Q) | 0.00032
(1 | Equilibrium concentration of 103z~ (in mol/L) (R) | 0.0075
(IV) | Equilibrium concentration of CrO?™ (in mol/L) | (S) | 3.125 x 1010
Code:
(A) 1-Q, I-R, llI-S, IV-P (B) I-Q, II-P, 1lI-S, IV-R
(C) I-R, lI-S, I-Q, IV-P (D) I-R, II-Q, lII-S, IV-P
Practice Test-2 (IIT-JEE (ADVANCED Pattern))
OBJECTIVE RESPONSE SHEET (ORS)
Que. 1 2 3 4 5 6 7 8 9 10
Ans.
Que. 11 12 13 14 15 16 17 18 19 20
Ans.
Que. 21 22
Ans.
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lonic Equilibrium (Advanced) ﬂ_

B APSP Answers

PART - |
1. (4) 2, 3) 3. ) 4. ) 5. @)
6. (4) 7. ) 8. 4) 9. ) 10. (4
1. (2 2. (3) 3. (@) 14. () 15. (1)
16.  (4) 17. (2 18. (1) 19. 20. (1)
2. (2 22. (4) 23. (1) 24. (&) 25. (1)
26.  (3) 27.  (3) 28. (4) 29. (3) 30. (3)
PART - |l
1. (B) 2, (A) 3. (D) 4. (B) 3 (D)
6. (B) 7. (B) 8. (B) 9. (D) 10.  (B)
11. (D) 2. (A 13.  (B) 14.  (C) 15.  (B)
16. (A 17.  (©) 18.  (C) 19. (A 20.  (B)
21. (A 22. (C) 23.  (C) 24. (D) 25. (C)
26.  (C) 27.  (C) 28. (D) 29.  (B) 30. (C)
3. (D) 32. (B 33. (O 34.  (B) 35. (A
36. (D) 37. (B) 38. (C) 39. (D) 40. (A
41. () 42. (A 43. (D) 44.  (C) 45.  (C)
46.  (B) 47. (A 48. (A 49. (A 50. (D)
51. (A 52. (A 53. (D) 54. (A 55. (A
56. (A 57. (B) 58.  (C) 59. (A 60.  (B)
61. (C) 62.  (B) 63. (B) 64. (A 65. (C)
66. (B) 67. (D) 68. (D) 69. (B) 70. (A
71 (A 72. (A 73. (A 74. (D) 75. (D)
76. (A 7. (A 78.  (B) 79.  (C) 80.  (B)
8l. (A 82.  (B) 83.  (B) 84. (D) 85. (C)
86.  (B) 87.  (B) 88. (C) 89. (C) 2. (A
91.  (C) 92. (C) 93. (D) 9. (D) 9. (A

96. (C) 97. (D)
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lonic Equilibrium (Advanced) ﬂ_

PART - Il

1. (a) As levelling solvent : Strong acids, strong bases. As differentiating solvent : Weak acids, weak bases.
(b) As levelling solvent : Strong bases, weak bases. As differentiating solvent : Strong acids, weak acids.
(c) As levelling solvent : Strong acids, weak acids, As differentiating solvent : Strong bases, weak bases.

2. 1.92; %xlO’ZM ; %XIO’ZM ; %xlO‘ﬁM 3. 13,54 x 1011 M

4. 23;5x103°M; 108 M 5. 0.23 for first solution and 0.46 for second solution

6. 0.25 7. 28.57% 8. 14 — pKeq — Iog% t0 14 — pKeq — Iog%

9. 1.395 10(a). 0.444 M 10(b). 1 11. (D) 12. (D)

13. (D) 14.  (B) 15.  (B) 16. () (D) 16. (b) (A)

17. (A 18. (@) (A) 18. (b) (D) 19. (C) 20. (C)

21. (B) 22. (A ey ) 24.  (C) 25. (A

26. (C) 27. (A 28. (B) 29. (B) 30. (C)

31. (O 32. (D) 33. (O 34. (C) 3. (A

36. (B) 37. (O 38. (D) 39. (D) 40. (D)

41. (C) 42. (D) 43, (A) 44, (B) 45. (C)

46.  (B) 47. (A 48. (A 49(a). (D) 49(b). (A)

49(c). (C) 50. (A-p,q,rs); B-p,n;(C-r;(O-pq,s)

51. (A-s);(B-1;(C-0q);(D-p) 52. (A-p,q;(B-q,1N;(C-p,q,8);(D-r,59)

53. (A=) (B-5)(C-p):(D-1) 54 (A->n;B->p); (Coaqs); (DY

55. 21 56. 13 57. 4 58. 19

59.  3[(), (i) & (vii)] 60. 5 [NazHPOa, NazS, K2C204, K2COs, Ethylene diamine] 61. 64

62. 12 63. 6 (actual answer =5.5) 64. 12 65. (ABC)

66. (BCD) 67. (ABD) 68. (AD) 69. (BCD) 70.  (ACD)

71.  (BD) 72.  (AD) 73.  (ACD 74.  (CD) 75. (ABCD)

76.  (ACD) 77.  (ABC) 78.  (AD) 79.  (CD) 80.  (ABC)
PART - IV

1. (D) 2. (D) 3. (D) 4. (D) 5. (©)

6. (C) 7. A 8. (ABC) 0. (CD) 10.  (BD)

11. (BC) 12. (D) 13. 5 (exact answer = 4.7) 14. 5

15. 4 16. 4 7. 1 18. 6 19. (C)

20. (B) 21. (D) 22. (D)
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lonic Equilibrium (Advanced) ﬂ_

ElAPSP Solutions

PART - |
1. CO doesn’t have a vacant orbital. Infact, due to the presence of lone pair on carbon, it behaves like a
Lewis base.
2. H.0O == H*  + OH-
t=eq C(l-0) Ca Ca (C=5555M;a=1.8x107)
2
Ka= S <Cor=18x10%
1-a
3. pH = 0 means [H*] = 10° = 1M. Hence solution is strongly acidic.
4, Na2S04 will not exert any common ion effect on H2SO4 (since strong electrolyte).
So, [H] =2 x [H2S04] =2 x 102 M
pH=2-log2 =1.7.
5 [HY] = 0.1x100+0.01x100 _ 11
200 200
So, pH= 2-0.74 = 1.26.
6. Millimole of H* =V1 x 0.1 x 1
& Millimole of OH-= V2 x 0.1 x 2
If we put V1 = 2Vz, the final solution will be neutral i.e.
Millimole of H* = 2V2 x 0.1 = Millimole of OH-
K —4
7 o _ by _ 2.56><105 41
o, Ky, 1.6x10"
8. [H*] from HCI = 1023 M & [H*] from HA =,/CK_, = 102 M.
So, addition of HCI will not exert common ion effect on HA.
So, neither pH nor degree of dissociation of HA will change.
9. H]= /FalCl+Ka2C2 = 10 x 103 M
pH=3- %Ioglo =2.5.
10. o is negligible w.r.t. 1.
[H*] mainly comes from first step ionisation.
[H]= (K, xC= \107° x0.1= 103 M
_ HIA™] s 107°[A™]
® [HAT] HA®]
3—
X= A 2] = 10710 pX = 10.
[HA™]
11. Hydrolysis of Fe3* takes place :

Fe®*+ 3 H20 — > Fe(OH)s + 3 H*
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lonic Equilibrium (Advanced)

o Koo [Ky _ | 10
12. h \/j \K.C  \K.x(0.00)

-14 -14
= 0.01 = 10" = 1014 = L = Ka =108,
K, x(0.01) K,x107

Also, hydrolysis product of A-=[OH] = Ch = 104 M.

[H*]= 1010 M
pH = 10.
13. pH of a salt solution made from weak acid and weak base = %(pKW + pKa — pKb)
= independent of concentration of salt solution.
K, +pK
14. H= %: 9 (amphoteric species HA")

15. S; : Final solution will contain NaCl (salt of SA and SB) and CHsCOONHa (salt of WA and WB with Ka =

Kb). So, final solution will be neutral (pH = 7 at 25°C).

S, : Equivalence point pH will be greater than 7, but MeOH indicator has pH range = 3.1 — 4.4. So,

MeOH cannot be used as indicator in given titration.
—

Ss: NHs  + H20 ~— NHs* + OH-
(proton donor)
.. acid
16. (1) Salt of WA and WB.

(2) Weak acid (H2CO3) + its conjugate base (HCO3").
(3) Weak acid (H2PO4") + its conjugate base (HPO42).

17. Buffer solution = pH = pKa + Iogw
(0.01x500)
= 5.3 =pKa +log 2
= pKa=5 o pKb =14 —pKa=9
18. pH =9.7 =10 - log2
[H] =2 x 10-1° M

PrNHz + H20 =— PrNHs* + OH- : Ko =5 x 10
and H* + OH- =— H.0 ; Keq = Ki = 1014
w
K
PrNHz + H* =— PrNHs* ; Keq= =5 x 1010
w
5 x 1010 = _(PTNH] .o [PrNFRl 1 gy
[PrNH,]x2x1071° [PrNH;] 10
[In~ [In7]
19. H = pKin + log —— 5=4.7+log——
T = 91Hmn]
[In7] [In7]
0.3=log——= log 2 =log——
= 9THIn] = 9= ]
_ [In7]
- ~ [HIn]
Fraction =_H¢= —
InN"+HIn 3

®
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lonic Equilibrium (Advanced) ﬂ_

20. B + H* ——  BH*
At the half equivalent point, [B] = [BH*] = pOH = pKu (from buffer formula)

21. NHX = NNaoH
8
—=0.25xV
80 L
VL=04L
1 . . . . .
[NaX] = gz 0.2 M (Since volume of solution becomes 5 times, so concentration of salt will become 1/5

times the concentration of HX).

pH — % (pKW + pKa + |ogC) = %(14 + 4 — 07) = 8.65.

22.  [CHsCOOH] =0.1 M
pH — % (pKa _ |ogC) = % (476 + 1) = 2.88.

23. s2=25x10"°
o s=5x105mol/L= 5 x 10 x 100 x 1000 mg/L =5 mg/L.
So, for dissolving 10 mg CaCOs, (Vmin)Hzo required = 2 L.

24. For sparingly soluble salts having same Ksp values, the one producing maximum number of ions per
formula-unit will be most soluble.

25. 45,3 =8.64 x 1013
s1 =6 x 10-5 mol/L (in water)
AgoCrOs =— 2 Ag* + CrOs2
Let solubility  2s2 s2+ 0.6
= s2 mol/L ~ 0.6
(2s2)?x 0.6 = 8.64 x 10713
s2 = 6 x 10~7 mol/L (in Na2CrOa solution)

1 = 100.
S,
26. [Ag*] [CIF] = Ksp = constant
= Xy = constant

So, shape of graph should be a rectangular hyperbola.

— N\

27. SrCO3 ~— Sr? + CO3%
S1 S1+S»

ZnCO3 ~— Zn* + COs?%-

S S1+S»

S1 % (S1+ S2) =100
S2x(S1+S2)=15x%x 101
S, _[Sr*] _ 10" _ 10 _ 100 _ 20

S, [zn®] 15x10% 15 15 3

28. Higher the concentration of H*, higher is the solubility of Fe(OH)s. (H* ions will shift its solubility
equilibrium in forward direction by consuming the OH- ions produced). So, solubility of Fe(OH)s is
maximum in 0.1 M H2SOa.
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lonic Equilibrium (Advanced) ﬂ_

29. Due to complex formation, solubility of sparingly soluble salt increases because of solubility equilibrium
shifting in forward direction.

30. As pH decreases, [H*] increases. So, CN- will combine with H* forming HCN making the solubility
equilibrium shift in forward direction.

PART - Il

1. Refer class notes / sheet theory.

2. Assuming oz << a1 & a2 << a due to common ion effect of OH- from first dissociation of same base
(with a1) & dissociation of CHsNH:z (with o) on second dissociation of base (with a2), we have :
[OH] = {0.2x(4.1x107) +0.1x(6.2x10™*) = {|(8.2+6.2)x10° = {/144x10°
pOH = — log 0.012 ~ 1.92
_ [OH ][CH,NH{] 0.012 41

Now, Kp = o LT ] g9 % 1042 2222 [CHaNHE ] = [CHsNH;] = — x 102 M
[CH,NH, ] 0.2 60
Again:, K, = [OHTICHN;] =6.2x10"= g [CaH13N; ] = [CaH1zN, ] = ﬂx 102 M
' [C,HLN,] 0.1 60
2+ 2+
and K, = OFICHNET o o OOLACHNET o e (1395 oo
[C,Hi:N; ] % x1072 144
60
.02
3. [OH]= == =0.1M = pH =14 (~log 0.1) = 13.
Kb % Kb — [OH_]Z[CZNZHfS] = 8 X 27 % 10_13 = (Ol)z[CZNZHJZ.g]
K, CNA] (05/2)
13
= [CoNoH] = 2X2DA0 T 510
4x10™

4. pH = %(14—pr2 —log 05) =7-4.7=23.

[BH*] =[H*] =1023 =5 x 10° M.
10 x10™ _ (5x10°°)’[B]

2x10° %107 5 o E= 10
5. 0 d(Z:H) _ 2.3(22+(be; b) _ 2.303221.2x0.2 -
O Gapry = o =048
6. For sodium butyrate

pH=7+ %pKa+ %IogC:7+ (izglﬂ + %Iog(0.1):7+2.41—0.5:8.91

For Indicator

- HT [In] [In] _ Ky _ 3.075x107°

“F T T T W 10

=0.25
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lonic Equilibrium (Advanced) ﬂ_

7. For this indicator, pH = pKin = 2
Now, at [H*] =4 x 10-3 M,
-3 -
Kip = (4x107°) [In7] - [Hl_n] _
[HIn] [In7]
. % of HIn = E—IMX1OO: EX100:28.57%.
[IN"]+[HIN] 14
[Acidic form] [Red]
8. - POH = pKeq + log =—————— = pKeq + log ———
P PRea 100 [Basic form] Pieq + 100 [Blue]

b
(pOH)que = pKeq + |Og g and p(OH)red = pKeq + pKeqg + |Og%
So, range = pHoliue t0 pHred = 14 — pKeq — Iog% 10 14 — pKeq — Iog%

_ HF]

9. Ksp = [Mg?*][F]? & Ka = 3.5[HF] = [F-
sp = [Mg*][F] a [HF] [HF] =[F]
4.5
Now, - [F]+[HF]=2s = B [F] =2s (1)
Since, Ksp = s[F]?
2
i x 108 =4s3 x £id from (1)
14 4.5
3
(ij x109x10=s8
14
. s =1.395 x 103 mole/L
So, for 1000 L : Moles =s x 103 = 1.395.
10(a). CuCOs (s) + 4NHz == CO? + [Cu(NHa)a]>* ; Kt x Ksp = 2.8 x 103
t=0 0.1 c 0 0
t=eq 0 c04 0.1 0.1

2.8X103=% = c—-04= 4% =0.044 = c =0.444 M.
c-0. Vﬂ .8 x

10(b). For precipiatation of MS, Ksp of (MS) = [M*?][S™?] =6 x 102
_ 100x6x10*

= [SZTreq = T: 120 x 1021 =1.2 x 101 M
Precipitation of MS will start when H2S will provide atleast 1.2 x 10-1°* M S-2.
+12 -2
For HzS, H2S =—— 2 H* +52 ; K = Ka1.Ka2 = m
[H,S]
H']?x 1.2x107"
107 x 1.2 x 101 = 17> 12x : [H]2 = 102
0.1
So, [H]=0.1 M pH=1
11. Ni2* accepts a pair of electron and H20 donates it. This an acid-base reaction.
12. It is definition of Levelling effect.
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lonic Equilibrium (Advanced)
13 Koo HIUAT_MHT

[HA] [HA] (~MH]=[A]D and >= IhE] [FB] (- [H]=[B7])
Also H* are same ., K—a: @: 4 M = 1
Ky [HA] 1 [HB] 4

-5 2 -4 2
1. o= 217 501 S0, S% =k 5x105= 2% o 2024a-120 »a=05
10 1-a 1-a

Hence, [OH]=Ca=5x%x10"° & (M) pH=9.7

15.  [OH]= (K, xC = J16x10° =4 x 10*M

= [OH_]2[C2H10N§+] = 8 X 27 X 10_13 = 16X1073 [C2H10N3+]
[CN,H,] 0.2

[CH N2 = 2.7 x 108 M

K, x K

by b,

16.(a) [H]=01M&pH=1
_ 0.1 [H,PO;]

~

N o1 = [H,PO;] =K, = Ca=K, = a= o.all = 10K,
2—
NE W: [HPO; 1= K, x K, x 10
16. (b) K, = LPO?‘_]: [PO3 1= 100K _K_ K
' =10 K, K, K, ¢ Y~ B
17. Factual
18.(a) & 18(b) :
A* + H0 == HA> +OH-; K, = E—W
t=-eq c(1-h) ch ch
hZ
Koo S che o p= |
K., 1-h cK,,
[OH] = [HAz] =ch = |SKu
Ka3
K, _ KKy o 1
H* = e 2 & pH= = (pKw+ pK, +logc
[H] o\ ¢ el Nt SOl Sl )
HA> + H-O == HA~ + OH-; Ky, = ::—W
19. According to Bronsted-Lowry concept, acid gives H* ion and base accept H* ion.
/OH

20. HsBO3z = HO -B
3 3 \OH

electron deficient
species

So it will behave as Lewis acid.
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lonic Equilibrium (Advanced)

/ /\

21.

22.

23.

24,

25.

26.
27.

28.

29.

4x103 02

2x104=
1-a

2002+ a—-1=0 = a=0.2

[OH]=Co=8x10*M= pOH = 3.1

—_—

NH4+OH = NHs* + OH-
t=eq 04(1-0) 2x10°5
(=0.4 o)

S0,a=5x105(<<1) - 0.4(1-0) ~ 0.4

_ 2x107° x[OHT] _

Kp= S5 2 =18%10° = [OH] = 0.36 M
AICl3 C=015M (AICI3 is SAWB salt)
[A? (H20)6]3* + H20(¢) =— [A/ (H20)s OH]?**(ag) + H3O%(ag) Ka=1.5x%x10"°
At t=0 0.15 - 0 0
At t = teq 0.15 (1~ ) 0.15 o 0.15 a
Ko = 0.15 a x0.15 « _15x 105
0.15 [1-q]
= 15x101a2=15x%x 10" = o2 =10+ = o =1072
[HzO*1=0.15x 102=1.5% 103M
- pH=3-log 1.5=3-0.18 = 2.82
C204% + H2O == HC:04 + OH-; K, = K—W :E
P K, 54
t=eq 0.005 (1-h) 0.005h  0.005h
(= 0.005)
0.005h)(0.005h =
( ) )_ 10 h=1.92 x 10,
(0.005) 5.4
[OH-] = 0.005h = 9.6 x 10~ M.
, K, 107
HC204 + H2O &=—— H2C204 + OH-; Ky, =—*=
2 K, 56
t=-eq ~ 9.6 x 10”7 ~ 9.6 x 10”7

D o
[H2C204] = K, =22x10 2Mm .

HSO4~ — can accept and donate a proton. HSO4 + H* — H2SO04 ; HSO4~ — H* + SO
Note : Answer could also be NH3 or OH-.

We know that for acids at 25°C, pH must be less than 7.

When rain is accompanied by a thunderstorm,

N2 + O2 NO NO, —*2 s HNO> + HNO3
6.31 =6.61 + log _MxV_ = —-0.3=log MV
100x0.05 5
= l=w = O.1V=E = V=25mL
2 5 2
It is factual.
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lonic Equilibrium (Advanced) ﬂ—
30. End points of both titrations will lie in acidic range.

31. pPKHin =5

(a) CHsCOOH + NaOH, end point pH > 7 (b) Auiline hydrochloride + NaOH, end point pH > 7
(c) NaHCOs3 + HCI, end point pH < 7 (d) Ba(OH)2 + H2C204 , end point pH > 7
32. WA Vs SB end point >7 Phenolphthalein

33. NHsBr ——— Salt of SAWB

pH=7- lpr - 1IogC:7— 474 _ iIog 101=7-237+ 1 5.13
2 2 2 2 2
[lonised] [lonised] [lonised]
34. H=pKa + log ——— 6=5 +log ———— l=log ————
P Pra g [un lonised] g [un lonised] g [un lonised]
[lonised] N [lonised] _|10
[un lonised] llonised] + [un lonised] |11

35. HsPO4 + NaOH — NaH2PO4

9 5 0
4 0 5
5

pH = pKa + log Z:3+0'1:3'1

36. Maximum buffer capacity of a solution is given by, buffer capacity = 2.303 (a_bbj . Hence the result.
a+

0.5)?
and a=b=0.5, BC =2.303 x ( 1) =0.57

37. pKa = 545

[Base form]

pH = pKuin + log pH = pKuin =5.45

[Acid form]
For a Buffer solution
CH,COON CH,COON
DH = pKa + log LBCOONAL 5 45 4 75 + Jog [CHECOONa]
[CH,COOH] [CH,COOH]
07=1lo [CH,COONa] 5 [CH,COONa]
' g [CH,COOH] 1 [CH,COOH]
38. The end points of all the titrations will lie in acidic range.
39. Cco + H* ——  HCO;
Initial milli-moles 50x0.05 40%0.1 -
Final milli-moles - 15 25
HCO; + H* —>  HCOs
Initial milli-moles 25 15 -
Final milli-moles 1 - 15
pH = pK, +log M: 6.173
[H,CO,]
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lonic Equilibrium (Advanced) ﬂ_

40.

41.

42.

43.

(A) As both salts are sparingly soluble, due to common ion effect, both will be precipitated in some
amount.
(B) MX —— M*+ X-; Ksp(MX) NX —— N*+ X ; Ksp(NX)
X Xty y y+Xx
Ksp(MX) + Ksp(NX) = (x +y)?
= JKoMX) 2 x+y=[X] ..(1) (= Ksp(MX) >> Ksp(NX))

Kep (NX)

\/Kp (MX)
K., (MX) s
—ﬁp(MX) ..(3)

From (2) & (3) : [M*] >> [N*]

(€ (y+x)y=Kop(NX)=y=[N]~ -(2)

Similarly, [M*] = x =

7x107®

Solubility of CaCO3z = { }mole/L =7 x10"°mole/lL =s

Ksp of CaCO3z = s2 =49 x 10710,
When [Ba*?] is 90% precipitated, then only CaCOs starts precipitation.
If original solution contain ‘a’ mole/L of Ca*? & Ba*?, then for CaCOs precipitation,

—10
[Ca*?] [COs2] =49 x 1019,  [COs2] = {%} M.
a

ax10  49x10"
100 a

Now for BaCOs, Ksp = [Bat*?] [CO3s7?] = =4.9 x 10719, (-.- 90% Ba?* has precipitated,

ax10

so [Ba*?] = 100

M)

(A) As long an a solid-aqueous equilibrium exists, a salt solution is saturated.

S K, (MX
(B) MX(s) + Y=(agq.) <—— MY(s) + X~(aq.) ; = K1)
K, (MY)
nx
t=0 n m 0 0
nx nx nx
t= - — = — = [X-
e : 100 y 100 100 X]
K, (MX “M* K., (MY Ksn (MY
(C) sp( ) - [X ][M ] — [Y_] - sp( ) ~ [X_] - sp( )xﬁ
Kep(MY)  [YT]IM] Ksp (MX) Ksp(MX) 100
The concerned chemical reaction is :
2 AgCl + Na2CO3 —— Ag2COs + 2 NaCl
Calculation of [Ag*] left in the solution :
Ksp(AQZCOB) = [Ag+] [CO32_]
—12
ag = (B0 -5 95 x 106 M
1.6
Concentration of CI- left = 0.00284 g/L = %molw =8x10°M

. Ksp(AgCl) = [Ag*] [CIF] = (2.25 x 107%) (8 x 1075%) = 1.8 x 10-1°,

/\
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lonic Equilibrium (Advanced) ﬂ_

44. Suppose V mL of solution contains 0.1 M Mg?* and 0.8 M NH4CI
Now, V mL of 'a’ M NHs is added, which just gives precipitate of Mg(OH)z. Then :
[Mg?*] [OH]? = Ksp Mg(OH)2

[H} [OH]2=1.62 x 10-11 ([Mgzq -

2V

Millimole
Total volume in mL

[OH]=1.8x10°M
Now, if the [OH"] = 1.8 x 10-5 M, on addition of NH3 in NH4ClI, then Mg(OH)2 will precipitate. For buffer
solution of NHs and NH4Cl :

[OH] = Kp % [NHf]
[NH;]
0.8xV)/2Vv
18%105=18x 10 x (08XV)/2V
(a>< V)/2V
a=08M.
_38 —38
45, (A) SpH =2= % =102M (B) SpH =il = L“ =102 M
(107) (10™)
46. For FeS and MnS not to be precipitated from a solution of Fe2* and Mn2*, IPres < Ksp(res)

[Fe?*][S%] < Ksp of FeS

[102[S? ] <6.4x 10718 - [S*]<6.4x 101 M

So, at [S*] = 6.4 x 1016 M or less, no precipitation of FeS and MnS will occur.
HS = 2H* + S=-

o [HT[S%] = Kyp,s) % [H2S] = 9.6 x 10722

[HT2, [6.4 x 10-16] = 9.6 x 10-22

min

[H]%, =3/2x 10°¢ s [HY]min = EX 103 M
Thus, if [H*] = \Ex 10-3 M or more, the precipitation of FeS and MnS will not take place.

Therefore, pHmax) = 3 — %2 log %z 2.91 Ans.

47. For FeS and MnS to be precipitated from a solution of Fe2* and MnZ*, IPmns > Kspuns)
[Mn?*][S?] > Ksp of MNS
[102[S?#]>25%x 1018 - [S¥]>25%x101 M
So, at [S*] = 2.5 x 10~ M or more, precipitation of FeS and MnS will occur.
H2S &= 2H* + S
o [HT[S%] = Ky,s) % [H2S] = 9.6 x 10722

o [HR [2.5 x 1011 = 9.6 x 1022
H2,, =3.84 x 1012 o [H¥lmax =8 \E x 106 M
Thus, if [H*] = S\E x 10-6 M or less, the precipitation of FeS and MnS will take place.

192
Therefore, pHmin) = 6 — %2 log . =5.21 Ans.
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lonic Equilibrium (Advanced) ﬂ_

(0.1)°[S* ]
(0.1)

48.  9.6x102= — [S2]=9.6 x 10-0 M
9.6 x 10-29[CU*]min = 6.4 X 103 = [CU*]min = %x 10-16

49(a). Dissolved Al(OH)s present in solution as Al**(aq) as well as Al(OH), (aq)
S = [AP*(aq)] + [Al(OH)4(aq)]

KS
S= —®_ +Kc[OH]

[OH P
for minimum solubility : dS_ =0
d(OH")
Kep x3
or - - tKc=0
[OH]

(3G
forl g (K—J

49(b). Order of solubility : Complex formation > Pure water > Common ion effect.
AgBr form complex [Ag (NHs)2]" in NHs, so solubility is maximum in NHs(aqg).

49(c). In acidic medium, it behaves as a base & in basic medium, it behaves as an acid (accepting OH),
driving the equilibrium forward in both cases.

50. (A) [H*] in HCI solution = 105 M
[H*] in H2S solution = ,ﬁa xC =10+ M

SO [H*] in HCI solution < [H*] in H2S solution
& [OH-] in HCI solution > [OH] in H2S solution
& degree of dissociation of water in HCI solution > degree of dissociation of water in H2S solution

pH of HCI solution > pH of H2S solution.
(B) At pH = 4.74 in CH3COOH solution, [CH3COO-] = [CHzCOOH]

degree of dissociation of CHsCOOH = =

At pH = 9.26 i.e. pOH = 4.74 in NH3.H20 solution, [NH4*] = [NHs.H20]

degree of dissociation of CHsCOOH = degree of dissociation of NHz.H20
degree of dissociation of water in CHsCOOH solution > degree of dissociation of water in NHz.H20
solution.

(C)  [H*]in CHsCOOH solution = \1.8x10°x0.1 = \1.8 x 103 M

[H*] in HCOOH solution = 4/1.8x10* x1 = /1.8 x 102 M
so, degree of dissociation of CHacOOH = degree dissociation of HCOOH.

(D) [H*] in HA: solution = 4/10° x0.1= 103 M

[H*] in HA2 solution = 4/10° x0.01 = 104 M
S0 [OH-] in solution of HA1 < [OH-] in solution of HA2
pH in solution of HA1 < pH in solution of HA2
& degree of dissociation of water HA1 < degree of dissociation of water HA:.
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lonic Equilibrium (Advanced) ﬂ_

5x0.08—10x0.015x 2
5. (A [H]= X 5ooX “2 =2 x104M . pH=37

(B) For salt CH3COONa : pH = % [14+4.74+Iog (%D =8.87

K
©) For RNHz : pOH = % (pKb —log 0.25) & Kn = K_W o Kp=10"°
b

pOH =28 .. pH=11.2
pKa2 +pKa1 _ 4+7 _

(D) For NaH:A : pH > > 5.5
52. (A) H2C204 + OH —— HC.04~ + H20
m.moles 50 25
25 - 25
Buffer solution pH = pK,
(B) H2C204 + OH- —— HC204~ + H20
m.moles 50 50
= - 50
Amphiprotic, pH = %: % =6.5.
© H2C204 + OH —— HC204~ + H20
m.moles 50 75
- 25 50
HC204~ + OH- —— C204& + H20
m.moles 50 25
25 - 25
Buffer solution pH = pK, .
(D) H2C204 + OH- HC204~ + H20
m.moles 50 100
- 50 50
HC204~ + OH- C204&= + H20
m.moles 50 50
= - 50

Salt hydrolysis, pH > 7.

54.  (p)  1.794 x 10711 = [Mg?*] (0.36)2 = [Mg?*] = 1.38 x 10-10 M.
(@  [HgZ ][CH? = Ksp = S(2 x 0.18)2 = 1.296 x 10-18 = s = 10-17 M.

) [Caz*] = \/Kspl +Kgp, = \ﬂ(2.6 x107°) +(3.8 x107%) = 8 x 10-5 M. (simultaneous solubility)
38
() s= 20 _-10uM
0™)
(neglecting OH- coming from Fe(OH)sin terms of those coming from water).
® Ag* + 2CN- 1 [Ag(CN)2]- ; Kf=2.5 x 10
t=0 0.03 0.1 0
t=eq. x 0.04 0.03 (Assuming nearly all Ag* ions to form complex Ks very large)
(=0)
(Upon mixing equal volumes, volume gets doubled. So initial concentrations get halved).
25x 108 = _0.03 > = X=7.5x1018M.
x(0.04)

55. HsPO4 = 3, HsBOs = 1, HsPO2 = 1, rest diprotic
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lonic Equilibrium (Advanced) ﬂ_

56.

57.

58.

59.

x=1,2,3,4,5,6,8,9, 10,11, 12, 13,14
There are 13 possible values.

Ko (NH3) = 1.8 x 105

CH3COOCHs(aq) + 2H20 (aq) —— CH3COO—(aq) + HsO*(ag) + CHsOH(aq)
[NH4%]o = 0.1 M, [NH3] = 0.06 M, [CH3COOCHSz]o = 0.02 M

[NH;] ( 0.1
OH = pKs + lo =474 +log | ——
p PKo+log 1ot 9

5 0.06
(POH)initial = 4.74 + 0.22 = 4.96 (pH)initiar = 9.04
NHz (aq) + H* (aq) ——> NHas* (aq)
0.06 0.02 0.1 mole
0.04 - 0.12 mole

0.12 0.12
OH)fnal = 4.74 +log —==4.74+log | —=|=4.74+log3 =4.74+0.48 =522
(POH)finar 9 502 g (0.04) g

(pH)final = 8.78
ApH =9.04 - 8.78 = 0.26
Yes this is satisfactory buffer.

-2
HsPO4 = 09 102 Mole = [H3PO4] = 10 x103=0.1M
98 100

pH=5 [H]=10°
H3PO4 & H2PO4~
pH =pKa1 + log [H,PO,] = 5 =3 +log [H,PO,] = 102 = [H,PO,]

[H,PO,] [H,PO,] [H,PO,]
[H2PO47] = 102 [H3PO4] = But [H3PO4] + [H2PO47] =0.1
H3PO4 + 102 [H3PO4] = 0.1 = [1+107] [HsPO4] = 0.1
[H3PO4] =102 M = [H2PO4] =0.2 M

2—
For H2PO4~ & H PO4*- = pH = pKaz +log w
H, PO,]
2— 2—
5=8+log H PO, 1 1] = -3 = log H PO, ] PO41]
H, PO.] [H, PO;]
2-
—[H PO41] =107 = [H PO4?7] =108 [H2 POz
H, PO,]
[H2PO47] + [HPO4?>—] =0.1 = [H2PO47] + 10-3 [H2PO4] = 0.1
[1+ 108 [HPO4]=0.1=> [H2PO4 ] =0.1 M = [HPO4*] = 10* M
Again
-3 -3

pH=pKa3+Iog[PL“]2 = 5=12+|og[P—O“1

H PO, H PO,

-3
107 = [P—O4]2 = [PO43] =107 [H PO47]
[H PO,7]

[HPO4s2] + [ PO4s3] =10 = [1+107][HPO4s?] =10

[PO4 8] =107 = [H POs? =101 M
pC1+pC2o+pCs+pCs=11+4+1+3=19

(i), (i) & (vii) are not matched with suitable indicators as the end point of these titrations doesn't lie
within the pH range of the indicator

/\
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lonic Equilibrium (Advanced) ﬂ—
60. NazHPO4, NazS, K2C204, K2COg3, Ethylene diamine

61. H2>COs + KOH —— KHCOs + H20 Vkor = 50 mL needed
0.2 M, 50 mL
KOHCO3 + KOH — K>COs3 + H20 Vkon = 25 mL needed for mid point
pH = 10.7 is is mid titration point of 1I"@ reaction as pH = pK_ so it is possible at Vkon = 75 mL.

62. Ag2COs + K2C204 —— Ag2C204 + K2COs3
Mole at start Excess 0.1520 0 0
Mole after reaction 0.1520-0.0358 0.0358 0.0358
=0.1162
. 0.1162
Molar concentration of K2C204 or C2042- left unreacted = 05 =0.2324 moles 1

- 0.0358
[K2CO3] = [CO327] at equilibrium = o5 - 0.07156 moles I-

Given that Ksp for Ag2C204 = 1.29 x 10-11 mol® I at 25°C

So  [AgC204] = 1.29 x 1011

or [Ag]? x 0.2324=1.29 x 1011
1.29 L
H Ag? =————x10
ence [A9T = 42302
1.29x10° 1!
Then Ksp for Ag2COs = [AgH2[COs>] = == x0.0716 = 3.794 x 1012 mol® |3
0.2324
2
63. Ksp = " 1 T
1+ H + 1l
Ka2 Kal ~KE12
2
7.5%x 104 = 5 2 5
10~ 10~
1+ 11 18
55x10™ 25 x10™
2
7.5%x 104 = —88 7
10° 10
I+ —+—
55 25
2
75 x 1014 = 2253
S2=0.3 x 1014 x 1012
S2=0.003
S=0.055 M
64. Cd2* + H:S ——> CdS ¥ + 2H*
m.moles 0.1
0.2
Total m.moles of H* in solution after the reaction=0.2 +0.8=1
1
H¥]= — =0.01 M H=2.
[H'] 100 = P
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lonic Equilibrium (Advanced)

66.

67.

68.

69.

70.

71.

72.

_

HA = H* + A
c—X X X
[H=x=15x103M
2
Ka= X
c—X
—-3\2
25x%x 103 = Llo)3
c—1.5x10"
C=24x10°M.
-3 2
Initial: 8 x 10-° = 1.6x107a” = o= 1
1-a 5
[OH]=3.2x 10 = pH=10.5
412 2
8 % 10_5 % 27 % 10—8 — (32X10 ) [CZNZng i
1.28x1073
= 2.7 x 1078 = [C2N2H10%*];
Final pH=11; 8x10°=103xa = o =0.08
[C2aN2Ho*] = 1.28 x 104
—6 2
27 X 8 X 10_13 = (10 )[C2N2 (JJr]f =
1.6x1073
2+
So, (A), (B) and (D) are correct but M = '%
[CNHg] 0128
Order of basic strength O% > S2- > Se?~ > TeZ
-2 2
l.2><10—7:7'2>;$ = 6o2+a—-1=0 = o=
0
So, pH =-log 0'03—72: 1.62
mid point
Buffer
capacity
equivalence point
e q p
mole of acid/base
When conc. of base or acid increases buffer capacity increases.
Facutal
HIn —— H* + In-
+ — - -9
o HT1 ] ] _ K _ 20° L oe_ g

[H In]

H In] [H'] 10°°

. . 4
.. % of [In7] in solution :gxloo = 80%

so pink colour will be visible.

[C2aN2H10%* s = 1.28 x 2.7 x 10° M

/\
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lonic Equilibrium (Advanced) ﬂ_

73. Initial decrement is due to consumption of free OH- ions, then slow decrement in pH is due to basic
buffer solution and minimum slope will be there when there is best buffer action ([salt] / [base] = 1)

74. Given graph is plotted for the titration of weak diprotic acid with base.

75. Factual

76. [Ag*] concentration = 35

[SO4?7] concentration =

250

5
100 x 2 % 3—1'4X1O =8.68 x 103,
0 \\ 4
5
@x 3 % =4.34 x 1078,
350 4

[Pb2*] = ——x /2.8x10* =3.78 x 10-7.

350
[CrO4>] = 3.78 x 1077,

[Ag*]? [CrO4?] = 2.85 x 10711 > Ksp of Ag2CrOa.
[Pb?*] [SO42] = 1.64 x 107° < Ksp of PbSOa.
Only Ag2CrOa4 will precipitate.

77. (A) Ag2CO3 — 2Ag* + COZ Ag2CrOs — 2Ag* + CrO%”
(2x+2y) x 2y +2x) y
8% x107"

AX+YP(x+y)=(4+24)x 1012 = (x +y)3=1.6 x 1012 =

= (x+y)=1.168M

43 x5
- [Agt]=2(x +y) =2.336 x 10* M

. 4x10™" .
(B) [COy]= R - 5 M
—12
©  [cror]= 2107 _ 4354 105m

 (2.336)x10°°

(D)  [Ag]=2([CO; ]+[CrO;’])

78. The concerned chemical reaction is :
2 AgCl + Na2COs —— Ag2COs + 2 NaCl
Calculation of [Ag*] left in the solution :

Ksp(AQZCOS) S [Ag+] [COSZ_]

—12
[Ag*] = é% =2.34%x10°M

Concentration of Cl- left = 0.0026 g/L =

0.0026 mol/L=7.33x 10> M

~. Ksp(AgCl) = [Ag*] [CH] = (2.34 x 1075) (7.33 x 10-5) = 1.17 x 1010

79. In AgNO:s solution, the solubility of AGCN will decrease as compared to pure water because of common

ion effect of Ag* ion.

In NHs solution and buffer of pH = 5, the solubility of AGCN will increase due to complex formation in
case of NHs solution and hydrolysis of CN-ions in case of buffer of pH = 5.
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lonic Equilibrium (Advanced)

80. AgClI(s) + 2NHs(agq) =——— Ag(NH,); (aq) + Cl-(aq)
Ki=1.6 x1010x 10" =1.6 x 103
_ [AgINH, );][CI]
[NH, T
AgCN(s) + 2NHs(aq) =—=Ag(NH,); (aq) + CN~(aq)
K2 =2.5x 1016 x 107 =2.5 x 10-°
- -3
[CI] _ 1.6x10 =6.4%10°
[CN] 25x10°
2
Ki= —>— = X _ =004
(1-2x) 1-2x
x =0.037
[CN]= 2037 - 578 x10°M
6.4x10°
PART - IV
1. Upon adding two of the above solutions to an original solution, pH increase in both cases can take place
only if original solution is of HCI (since NaCl solution addition will cause its dilution, thus increasing its pH
while NaOH solution addition will cause its neutralization, thus increasing its pH upto 7).
Further, pH of NaOH solution will decrease upon addition of NaCl solution (because of dilution).
So, solutions I, Il and Il contain HCI, NaCl and NaOH respectively.
HCI + NaOH — NaCl + H20
Only HCI and NaOH solutions can be used as standard solutions in an acid-base titration.
2. RNH: + H:0 —— RNH;
t=eq 0.01(1-w) 0.01a 0.0la + 10#
_4
001 o (0.01 a+107) _ 2 x 106
0.01 (1—-w)
~ a~0.01
.. [OH]=0.01(0.01) + 10
=2x 10 M.
3. PuO3* + H:O0 —— PuO2(OH)* +
t=0 0.01 0
t=eq 0.01(1-h) 0.01 h
Therefore, h=0.01=1%. So, 1 - h=1.
24 - -10 -10
Ko of PUO2(OH)* = [PUO; ][OH] _ 001 x10™ _ 10
[PuO,(OH)"] 0.01 h 0.01
Hydrolysis is expected to be endothermic because it is reverse of neutralization (exothermic process).
[N+
4. pOHi = pKb + l0g10 ————=——=4.7. Therefore, pHi = 9.3.

[NH,OH] |

and pOH: = pKo + Iogo (90><O.1+10><0.1

90x0.1-10x0.1

j: 4.7 + Iog% = 4.8. Therefore, pHi = 9.2

9.3-9.2 10
% decrease = ——— x100= —% .,
9.3
®
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lonic Equilibrium (Advanced) ﬂ_

5. (A) Equivalence point pH will be less than 7, but HPh indicator has pH range = 8.3 — 10. So, HPh
cannot be used as indicator in given titration.

In”
(B) pKin + 1 = pKin + log10 [ ]

[HIn]

In~
u = 10. So, % ionisation 10 =x 100 = 1000
[Hin] 10+1 11

(C) Above formula is valid only when degree of hydrolysis is negligible.

%.

(D) At second equivalent point, NaH2PO4 (amphiprotic species) is produced. So, pH = % [pPK,, +pKé12 ]

6. SIF, — Sr2* + 2F-
Let solubility s+0.1 2s
=s mol/L ~0.1

0.1(2s)2 = 2.5 x 109

s = S\E x 10-°> mol/L.

\ K
7. A~ + HXO == HA +  OH (Hydrolysis) ; Kn :K—W il

t=0 ¢ 0 0

t=eq c(1-h) ch ch

h2
lc ~= 10 But [OH] = ch = 10°M. ( "*pH = 9)
5
So, 10" h =10". Therefore, h = Y :
1 - h 11

So,c=1.1x10°M.
Ksp=[Ag'] [A7]=c xc(1-h)
=1.1x105x 105

= 1.1 x 101%.
8. In an alkaline aqueous solution, [H*] < [OH"].
pH > pOH.
Also, pH + pOH = pKw and for pure water, pH = pOH = %
In an alkaline solution, [H*] < [H*]n20 and [OH"] > [OH]nz0.
pH >pK—W and pOH < pK—""
2 2
9. pH of the salt solutions of SA-SB and WA-WB is independent of concentration of solution.

10. As indicator (InOH) is base type indicator, so pKinon = pOH at half ionisation point = 6.8.

pOH:1 = pKinon + l0g10 %Z 7.5. pH1=6.5
4
and pOH:1 = pKinron + l0g10 1 pKinon = 6.9 = pOH2
pH2=7.1.
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lonic Equilibrium (Advanced)

11. At 20% neutralisation, pOH = pKb + logio %: 5.

1

pKs = 5 —log " Kb = 2.5 x 1078,

At equivalence point, pH = % (pPKw — pKb — logC)

4.5 = % (14 - 5.6 — logC) C=0.25M
0.5xV,
Now, C = —HCl 025= —>X
Vi (L) V, +0.1
At equivalence point, nws = nNHcl
M _05x0.1 m=225g.
45

2'255 x 100 = 90%.

.. Weight % of base in sample =

12. For getting selectively precipitated, IP > Ksp.
[M?] [S*]> Ksp

K, K, [H,S]
[M24] %> Ksp
2+ 0.01x0.1
%> Kegq .. 1—: > Keg
Keq < 1073,

For PbS, above condition is satisfied.

13.  Ka(NHs*) = 1 _s5x10m0
Keq
Now, Ko(NH3 ) x Ka(NH4*) = Kw = 10724,
So, pKo(NH4+0OH) = — log1o (Ko(NHz )) =—logio (2 x 107°) = 4.7.

14. P, =10 atm (as 1 mole Hzin 2.24 L at 0°C) & [I]=0.5M

OHJ? 2,10°°
_ | _] Zsz (OH T2 = 4x(0.5)°x107° [OH = 10-5 M
(1] 10

15. H. A == H* + HA

t=0 0.1 0 0

t=eq 0.1(1-a) 0.1a 0.1a

2
Ka=005= 21 % . 4-05
1-a
-6

Now, [AZJ[H"] = K, /[H*] = 23107 _ 4«10,
16. BOH+ H* — B*

t=0 20 9.2 0

t=t 108 O 9.2

t = 50% neutralization (- pOH = pKy =5) 10 0

.. 0.8 millimole more of BOH are to be neutralized by H2SOa.
. 0.8=(0.1x%x2)xVm .. VmL=4.

VL=0.1L =100 mL.

.. pOH=5

+ H20

0
0

10
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lonic Equilibrium (Advanced) ﬂ_

7x107 x188x10°
17.  s=K, =7x107mollL = """ mg/ 250 mL.

4
=3.29 x 102 mg/ 250 mL.
-3
.. Percentage saturation = % x 100 = 10%.
3.29x10”
18. pKa (CHsCOOH) =4.74
[CHs COOH] = 0.25 M, [CHs COONa] =0.15 M
-5
[H] = K, [CHSCOf)H] _ 1.8x10™x0.25 —3x105 M
[CH,COO] 0.15
+12 —2
H2S —— 2H* + S = Ka = —[H] [S”]
[H,S]
—21
[s2] = 9x10 ><00.1: 1012 M
9x10™
IP (MnS) =[Mn*?] [S?] =15x%x102 x10'? =1.5x%x 1014
IP < Ksp = No ppt is formed.

For precipitation of MnS, the minimum concentration of [S2-] can be obtained as follows :
[Mn*?] [S*] = Ksp
15x102x[S*]=24%x1018 = [S#]=1.6 x 1011 M
For this [SZ],
K, [H,S] _ 9x10*'x0.10 _

HT = 51 - 16x10® 7.5%x 10 M
K, [CH,COOH -
e = Ko [CHCOOHT o o) g = 1.8x107 x0.25
[CH,COO'] [CH,COO]

[CHsCOONa] = 0.6 M

19. In all the other cases, pH = 1.
When all taps are opened,
Millimoles of H* = 100
Volume of solution = 2000 mL

[H= Y 0.05 M.
2000

pH = —log[H*] =—log (5%10%) =2 —log 5 = 1.

20. pHi = 7.
After opening Si, solution in bucket would contain [CHsCOOH] = 0.1 M. So, pH after opening

S1= %(pKa— logC) = 2.8775.
After opening Sz, solution in bucket would contain [CHsCOONa] = %M. So, pH after opening
Sy = %(pKW + pKa + logC) = 8.7875.

. o . 1 1
After opening Ss, solution in bucket would contain [CH3zCOONa] = EM & [CH3COOH] = EM' So, pH

1/40

after opening Sz = pKa + log| ——
Pening =s = pita 9(1/40

J = pKa = 4.755. (Buffer properties)
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lonic Equilibrium (Advanced) ﬂ_

21.

22.

. L . 1 1
After opening Sa, solution in bucket would contain [CH3COOH] E: M & [HNO3] = %M. So, pH after

opening S4 = - log %: 1.7. (Minimum pH)

Clearly, opening Sz stop cock would cause maximum pH change compared to the previous pH in
bucket.

Refer solution of previous question.

Total added moles of Ag* = 0.01 ; Initial moles of 103~ = 0.005
Initial moles of CrO4?-=0.1

Ksp (AgIO3) 1073
[0;] 0.005

Kp (Ag,C10,) _ [10°®
[CrO2] Vo1

So, Ag* first combines with 103, almost whole of Ag* gets precipitated out, then precipitation of Ag2CrO4
starts.

=2x101M

[Ag*] required for AglOs precipitation =

and [Ag*] required for Ag2CrO4 precipitation = =3.162 x 104 M

_

Ag*(aq) + 103 (aq) —— AglOs(s)
Moles of Ag* left after the above reaction = 0.01 — 0.005 = 0.005.
Now, 2Ag* (aq) + CrOs? (aq) ——> Ag2CrOa (s)

Moles 0.005 0.1
Moles of CrO4% left after the above reaction = 0.1 — 0.0025 = 0.0975.
At equilibrium,
[CrO42] =0.0975 M
K., (Ag,CrO 8
[Ag'] = (A0:Cr0,) _ [ 107 _ o, 1o
[CroZ ] \0.0975
K., (AglO 13
[105] = 2 (A0I%) 107 _ 505, 10900,

[Ag'] 3.2x10™*
Total moles of precipitate formed = 0.005 + 0.0025 = 0.0075.

/\
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