Equilibrium

Questionl

The first and second ionization constants of H,X are 2.5 x 1078 and 1.0 x 10713
respectively.

The concentration of X2~ in 0.1 M H,X solution is x 1071 M. (Nearest
Integer)
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Answer: 100

Solution:

For the diprotic acid HoX (total concentration C' = 0.1 M):
K, =25x1078, K,,=10x10"13

1) Find [H"] (second dissociation is negligible for [HT]):

[H) ~ VEaC = 1/(25 x 1079)(0.1) = V25 x 10 ° =5.0 x 10 ° M

2) Use diprotic distribution for [X*~]:

o Ko Kao/[H]
[XQ } =C- 1+Kal/[H+]+2I(alKa2/[H+]2

Compute key terms:

KyKp _ (25x109(107%) _ 25x10 _ 19-12
[H]2 (5x107°)2 2.5x10~°

Ky _ 25x1078 —4

[HY] T sx107° 5x10

So denominator ~ 1 + 5 x 104 &~ 1.0005, hence
X2 ]~ 0.1 x B ~1.0x 1073 M
Expressed as x 1071 M:

1.0 x 107 M =100 x 10 " M

Nearest integer =[100].

Question2

Consider two Group IV metal ions X>" and Y?*.



A solution containing 0.01MX?2" and 0.01MY?2" is saturated with H, S. The pH at
which the metal sulphide YS will form as a precipitate is . (Nearest integer)

(Given: K, (XS) =1 x 1072 at 25°C, K, (YS) = 4 x 10719 at 25°C, [H, S] = 0.1M
in solution, K,; x K, (Hy S) = 1.0 x 10721, 1og 2 = 0.30, log 3 = 0.48,1log 5 = 0.70)
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Answer: 4
Solution:

XS(s) = X2 (aq.) +S% (aq.)
For precipitation of XS(s), we use the solubility product condition:

[X*2] [$*7] > Ksp(XS)

Given [X*'] = 0.01 M, so [S*7] >
YS(s) = Y*%(aq) + S* (aq)

For precipitation of YS(s), again apply K, condition:
V2] [82] > K, (Y9)

4x 1071
Given [Y2"] = 0.01 =10 > M, s0 [$7] > ——— — =4 x 10 ™

- 1072
Now we find how much S?~ comes from H,S. In water:
Now, H, S(aq) = 2H*(aq) + S*> (aq)

Using the given relation K x Kgo =1 x 10724

s2-[H1)?
[H]% =K, xK,, =1x10"2
2
N [82_} _1x 1072 x [Hy 9]
[H+)?

For Y to start precipitating, we need [S?7] > 4 x 10, So:

1x 1072 x [Hy 8]
[H]”

Given [H2S] = 0.1 =10"'M

1x10 % x107?

>4x10

[Hﬂ? >4 x 10°H
10722 1
= [H']? < - 10°8
o) < 4x107" 4
1
[H]" < 2 %107 x 107!
1
= [H*] < = x107*
J<5x
= pH > 4.3

Question3



Consider the dissociation equilibrium of the following weak acid
HA = H"(aq) + A (aq)

If the pKa of the acid is 4, then the pH of 10 mM HA solution is .(Nearest
integer)

[Given: The degree of dissociation can be neglected with respect to unity]
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Answer: 3

Solution:

Given pK, = 4, s0

K,=10"?% =10

For a weak acid solution of concentration C' = 10 mM = 0.01 M:
Let the dissociation be x:

HA=H"+A"

At equilibrium:

e [HA] = C — z = C (given z is negligible compared to C)

So,

_ HAT] | 2
Ko = [HA] — C
Therefore,

z=+yK,C=4/(1009)(1072) =105 =10"°
So,
[H*]=103*M = pH = —log(10 %) = 3

Nearest integer =

Question4

The pH of a solution obtained by mixing 5 mL of 0.1MNH,OH solution with 250 mL
of 0.1IMNH4C1 solution is x 10~ 2.(Nearest integer) Given: pK, (NH,OH) = 4.74



log2 = 0.30
log3 =0.48
logh = 0.70
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Answer: 756
Solution:

For the mixture of a weak base and its salt, we use the buffer formula for a basic buffer:

pOH = pKj} + log ﬂ%]]—

Here,
e Weak base = NH,OH
o Salt = NH4Cl
Since both are mixed in the same final solution, we can use moles directly.
Step 1: Calculate moles of base
Volume of NH;OH = 5mL = 0.005L
Molarity = 0.1 M

n(NH4OH) = 0.1 x 0.005 = 5 x 10* mol
Step 2: Calculate moles of salt

Volume of NH,Cl = 250 mL = 0.250 L
Molarity = 0.1 M

n(NH4Cl) = 0.1 x 0.250 = 2.5 x 10~ % mol
Step 3: Apply buffer formula

_ 2.5x10 72
pOH = 4.74 + log T

So,

pOH = 4.74 + log 50

Now,

log 50 = log(5 x 10) =log5+1=0.70+1 = 1.70
Hence,

pOH = 4.74 + 1.70 = 6.44

Step 4: Find pH

pH =14 — 6.44 = 7.56

Now write it in the form asked:



7.56 = 756 x 102

Nearest integer = 756
Final Answer:

756

Questions

Which of the following mixture gives a buffer solution with pH = 9.25 ?

Given : pK; (NH,OH) = 4.75
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Options:

A.

0.5MNH,OH(0.2 L) + 0.2MHCI(0.5 L)

B.

0.2MNH,OH(0.5 L) + 0.IMHCI(0.5 L)

C.

0.2MNH,OH(0.4 L) + 0.IMHCI(1 L)

D.
0.4MNH,OH(1 L) + 0.IMHCI(1 L)

Answer: B
Solution:

For a basic buffer of NH,OH and its salt NH,Cl, NCERT uses:

pOH = pK; + log (1)

Given pK,(NH,OH) = 4.75 and required pH = 9.25:

pOH = 14 — 9.25 = 4.75

So,
475 = 4.75 + log (1)

[salt | ) _ [salt | _
:>10g<[bs:se ]) =0= [bS:se ] =1

So, we need equal amounts of salt and base after mixing.

Reaction:

NH,OH + HCl — NH,CI + H,0



If initial moles are ny (base) and n, (acid), then after reaction (for buffer, base must be in excess):
e moles of salt formed = n,

e moles of base left = ny — n,

Condition for =11is:

salt
[base]
Ng = Np — Ng = Np = 2Ng
Now check options by moles:
Option B
np = 0.2 x 0.5 = 0.10 mol
ng = 0.1 x 0.5 = 0.05 mol
Here,
np = 0.10 = 2(0.05) = 2n,
So, after reaction:
e salt = 0.05 mol
e base left = 0.10 — 0.05 = 0.05 mol
Equal = required buffer, hence pOH = pK3 = 4.75 and pH = 9.25.

Correct option: B

Question6

Consider a weak base ' B' of pK = 5.699.' z ' mL of 0.02 M HCl and ' y ' mL of
0.02 M weak base ' B ' are mixed to make 100 mL of a buffer of pH 9 at 25°C. The
values of ' z ' and ' y ' respectively are :

[Given : log2 = 0.3010,log 3 = 0.4771,log 5 = 0.699 ]
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Options:

42.7 | 57.3

14.3 | 85.7

85.7 | 14.3




D.

z Y
11.1 | 88.9

Answer: B

Solution:

For a buffer of weak base B and its conjugate acid BH +, we use:

pH = pK, + log ( [B[fl]ﬂ )

Step 1: Find pK, of BH™"

Given pK}p = 5.699.

At 25°C, pK,, = 14 so

pK, =14 — pK, =14 — 5.699 = 8.301

Step 2: Use buffer equation for pH = 9

9 = 8.301 + log (%)

B ) _ _
log ( ey ) = 9 — 8301 = 0.699

Given log 5 = 0.699, so

B _
BET = O

Step 3: Write moles after mixing HCI and base
Moles of HCI added:

n(HCI) = 0.02 - 1555

Moles of base B taken:

n(B) = 0.02 - 1

Reaction: B+ HCl — BH™" + Cl~

So after reaction:

e n(BH") =n(HCI) = 0.02 - 55

L4 n(B) = n(B)initial — n(HCl) =0.02 - %

So,

y—x =05z =y==6c

Step 4: Use total volume condition
Given final volume is 100 mL:

z+y =100

Substitute y = 6x:

z + 6z = 100 = 7z = 100 = = = 14.2857



y =100 — x = 85.7143
Answer

z=143mL, y=85.7mL

So, Option B.

Question7

The solubility product constants of Ag,CrO4 and AgBr are 32z and 4y respectively
at 298 K.

The value of ( molarity of Ag,CrOy

molarity of AgBr ) can be expressed as :
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Options:

¥z
Vi

Answer: D

Solution:

Let the molar solubility of Ag,CrO, be s;.
For the dissolution:

Ag,CrOy4(s) = 2Ag" + CrO?~

So, at equilibrium:

[Ag'] = 2s1, [CrO% ] =51

Hence,

Ky = [Ag2[CrO7 ]

32z = (2s1)%(s;) = 453



s3 =8z

51 =2Vx

Now let the molar solubility of AgBr be ss.
For the dissolution:

AgBr(s) = Ag" +Br~

So,

[Ag'] =52,  [Br]=s2
Thus,

Ky, =[Ag"][Br]

4y = s3

Sy =2,/y

Now the required ratio is:

molarity of Ag,CrOy _ 51 2¥/x Yz

molarity of AgBr S 2Vy = W
So, the correct answer is:

T
NG

Therefore, Option D is correct.

Question8

At 25°C, 20.0 mL of 0.2 M weak monoprotic acid HX is titrated against 0.2 M NaOH.
The pH of the solution (a) at the start of the titration (when NaOH has not been
added) and (b) when 10 mL of NaOH is added respectively, are :

Given :
K,=5x10"*
pK, =3.3
a1
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Options:

A.
(a) | (b)

0.7(2.0




(@ (b)

30|22

Answer: B
Solution:

Given data:

Concentration of the weak acid HX, C = 0.2 M

Initial volume of HX = 20.0 mL

Concentration of NaOH = 0.2 M

Dissociation constant of acid, K, = 5 x 1074

pK, =33

Case (a): At the start of the titration (when NO NaOH has been added)

At this point, only the weak acid HX is present in the solution. Since the degree of dissociation a < 1, we can calculate the hydrogen
ion concentration [H *] using the formula for a weak monoprotic acid:

[HT|=vKexC

Substitute the values of K, and C:
[H+]=v5x10 %% 02

[H*] = /1x10~*

[H]=102M
The pH of the solution is:
pH = —log[H ]

pH = —log(1072) = 2.0

Case (b): When 10 mL of 0.2 M NaOH is added

When strong base NaOH is added, it reacts with the weak acid HX to form salt NaX and water:
HX + NaOH — NaX + H>0

Let us find the number of millimoles (mmol) of acid and base:

Initial millimoles of HX = Molarity x Volume in mL = 0.2 M x 20.0 mL = 4.0 mmol
Millimoles of NaOH added = 0.2 M x 10.0 mL = 2.0 mmol

Since NaOH is the limiting reagent, 2.0 mmol of NaOH will completely neutralize 2.0 mmol of HX, forming 2.0 mmol of the salt
NaX.

Let's analyze the composition of the mixture after the reaction:
Remaining millimoles of HX = 4.0 — 2.0 = 2.0 mmol

Millimoles of salt NaX formed = 2.0 mmol



Now, the solution contains a weak acid (H X) and its salt with a strong base (NaX). This constitutes an acidic buffer solution. We can
determine the pH using the Henderson-Hasselbalch equation:

pH = pK, + log < [Ef::; ]] )

Since the volumes are the same, the ratio of their concentrations is simply the ratio of their millimoles:
pH = 3.3 + log (%)

pH = 3.3 +log(1)

Since log(1) = 0:

pH=33+0=33

(Note: We can also directly observe that because exactly half the equivalence volume of the base is added, it is the half-neutralization
point, where pH = pK,.)

Conclusion:
The pH values for part (a) and (b) are 2.0 and 3.3 respectively.

Correct Option: Option B

Question9

The first and second ionization constants of a weak dibasic acid H,A are 8.1 x 108
and 1.0 x 10713 respectively. 0.1 mol of H,A was dissolved in 1 L of 0.1 M HCI

solution. The concentration of HA™ in the resultant solution is:
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Options:

9.53 x 107° M
C.
8.1x108M
D.

1.0x 1078 M

Answer: C

Solution:

Given:

o First ionization constant:



K, =81x1078
¢ Second ionization constant:
K,=10x10"13
e (0.1 mol of HsA is dissolved in 1 L of 0.1 M HCl
So, in the final solution:
e Initial concentration of HyA = 0.1 M
¢ Since HCl is a strong acid,
[H*]=01M
We have to find [HA™].
For the first dissociation of dibasic acid:
HA=H"+HA™
Using the expression of first ionization constant,

_ [HHAT
Ka = “ma

Substitute the known values:

_8 _ (0.1)[HA)
8.1x 1078 = =7~

. 0.1
Since — = 1, we get:
0.1
[HA"]=81x10%M

Now, because K9 is extremely small, further dissociation of HA ™~ is negligible in presence of strong acid.

Hence, the concentration of HA ™ in the resultant solution is

81x10%M

So, the correct option is:

Question10

20 mL of a solution of acetic acid required 28.4 mL of 0.1 M NaOH for its
neutralization. A solution (X) was prepared by mixing 20 mL of the above acetic acid
and 14.2 mL of 0.1 M NaOH solution. What is the pH of the solution (X) ? (pK,
value of acetic acid is 4.75).
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Options:
A.

7.0



4.75

C.
35
D.
4.82

Answer: B

Solution:

For neutralization of acetic acid:

CH3;COOH + NaOH — CH3COONa + H,0

The reaction is in the ratio 1 : 1.

Given that 20 mL of acetic acid requires 28.4 mL of 0.1 M NaOH for complete neutralization.
So, moles of acetic acid in 20 mL are:

n(CH3COOH) = 0.1 x £ = 2.84 x 10* mol

Now solution X is prepared by mixing:
¢ 20 mL acetic acid
e 14.2mL of 0.1 M NaOH

Moles of NaOH added:

n(NaOH) = 0.1 x 432 = 1.42 x 10~ mol

NaOH will neutralize equal moles of acetic acid.
Initial moles of acetic acid:

2.84 x 103

Moles neutralized:

1.42 x 1073

Moles of acetic acid left:
2.84 1073 —1.42x 103 =142 x 1073
Moles of acetate formed:
142 x 1073
So after mixing, we have:
e acetic acid = 1.42 x 1073 mol
e acetate ion =1.42 x 103 mol
This is a buffer solution where:
[salt] = [acid]
Using Henderson—Hasselbalch equation:

pH :pKaJrlog{::%}]-

Since both are equal,

[salt ]
lacid ]

=1 = logl=0



Therefore,

pH =pK, =4.75

So, the correct answer is:
4.75

Option B.

Questionll

Given below are two statements :

Statement I : Sodium dichromate and potassium dichromate are classified as
primary standards in titrimetric analysis.

Statement II : Phenolphthalein is a weak base, therefore it dissociates in acidic
medium.

In the light of the above statements, choose the correct answer from the options given
below
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Options:

A.

Both Statement I and Statement II are ture

B.

Both Statement I and Statement II are false

C.

Statement I is true but Statement II is false
D.

Statement I is false but Statement I is true

Answer: B

Solution:

Analysis of Statement I :

In titrimetric analysis, a primary standard is a substance of high purity that is stable and not hygroscopic, meaning its exact mass can be
weighed directly to prepare a standard solution. According to NCERT, potassium dichromate (K2Cr207) is stable and non-hygroscopic,
making it a good primary standard.

However, sodium dichromate (Na2Cr207) is highly hygroscopic (deliquescent). It readily absorbs moisture from the atmosphere,
which changes its mass continuously. Due to this property, it cannot be weighed accurately to prepare a standard solution. Therefore,
sodium dichromate is not classified as a primary standard.



Because of the incorrect claim about sodium dichromate, Statement I is false.
Analysis of Statement II :

Phenolphthalein is an indicator widely used in acid-base titrations. Chemically, it is a weak organic acid, not a weak base. We often
represent it as H Ph.

Since phenolphthalein is a weak acid, its dissociation is governed by the following equilibrium:

HPh=H" + Ph~

In an acidic medium, there is already an excess of hydrogen ions (H *). According to Le Chatelier's principle (specifically the common
ion effect), the high concentration of H* suppresses the dissociation of the weak acid H Ph, causing it to remain mostly in its
undissociated, colourless form. It is in a basic medium that phenolphthalein actually dissociates to form the pink-coloured Ph™ ion.
Because phenolphthalein is a weak acid and does not dissociate significantly in an acidic medium, Statement I is false.

Conclusion :

Since both Statement I and Statement II are incorrect, the correct option is Option B.

Correct Answer :

Option B: Both Statement I and Statement II are false

Question12

Arrange the following resultant mixtures in increasing order of their pH values
A. 10 mL0.2MCa(OH); + 25 mL0.1MHCI

B. 10 mL0.01MH,S0, + 10 mL0.01MCa(OH),

C.10 mL0.1IMH,S04 + 10 mL0.1MKOH

Choose the correct answer from the options given below :
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Options:
A.

B<C<A
C<A<B

C<B<A
D.
A<C<«<B

Answer: C



Solution:

Mixture A:

The acid is HCI, which furnishes 1 H ion per molecule.

Millimoles of H* = Molarity x Volume inmL x 1 = 0.1 x 25 x 1 = 2.5 mmol
The base is Ca(OH),, which furnishes 2 OH™ ions per molecule.

Millimoles of OH™ = Molarity x Volume in mL x 2 = 0.2 x 10 x 2 = 4.0 mmol

Since the amount of OH ™ ions is greater than H* ions (4.0 > 2.5), the remaining solution has an excess of OH~ ions. Therefore,
mixture A is basic, which means its pH will be greater than 7.

Mixture B:

The acid is H2SO4, which furnishes 2 H* ions per molecule.
Millimoles of H* = 0.01 x 10 x 2 = 0.2 mmol

The base is Ca(OH),, which furnishes 2 OH™ ions per molecule.
Millimoles of OH™ = 0.01 x 10 x 2 = 0.2 mmol

Here, the amount of H" ions exactly equals the amount of OH™ ions (0.2 = 0.2). This results in complete neutralization. Thus, mixture
B is neutral, meaning its pH will be exactly equal to 7.

Mixture C:

The acid is H2SOy4, furnishing 2 H" ions per molecule.
Millimoles of H* = 0.1 x 10 x 2 = 2.0 mmol

The base is KOH, which furnishes 1 OH™ ion per molecule.
Millimoles of OH™ = 0.1 x 10 x 1 = 1.0 mmol

Since the amount of H" ions is greater than OH ™ ions (2.0 > 1.0), there is an excess of H' ions in the solution. Therefore, mixture C is
acidic, meaning its pH will be down, specifically less than 7.

Final Conclusion:

Now, let us bring it all together and arrange them in increasing order of their pH values (from most acidic to most basic):
e Mixture C is acidic (pH < 7)
e Mixture B is neutral (pH = 7)
e Mixture A is basic (pH > 7)

The increasing order of their pH values is C < B < A.

Therefore, the correct answer is Option C.

Question13

M3 A, is a sparingly soluble salt of molar mass y g mol ' and solubility = g L. The
ratio of the molar concentration of the anion (A°") to the solubility product of the
salt is
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Options:

S

L
108

&lcc
]

Answer: A
Solution:

Given:

Solubility of the saltin g L ™" = x

Molar mass of the saltin g mol * = Y

The molar solubility .S (in mol L Yis given by:

-1

S — Solubility in g L z
- Molar mass Ty

Now, let us write the dissociation equation for the sparingly soluble salt M3A, in water. According to the stoichiometry, one mole of the
salt produces three moles of the cation and two moles of the anion.

M3A, = 3M2+ + 2A3-

If S is the molar solubility of the salt, the equilibrium concentrations of the ions will be:
Molar concentration of the cation, [M**] = 38

Molar concentration of the anion, [A3~] = 25

Next, we write the expression for the solubility product constant, K, which is the product of the molar concentrations of the
constituent ions, each raised to the power of its stoichiometric coefficient:

K,, = [M2]3[A3-]?
Substituting the equilibrium concentrations into the K, expression:
K. = (39)* - (29)?

K, =275%.48% = 108855

We are asked to find the ratio of the molar concentration of the anion (Ag_) to the solubility product of the salt (K ;). Let us set up this
ratio:

s [A37]
Ratio = o

Substitute [A37] = 25 and K, = 10855 into the ratio:

- 28
Ratio = 5e5r

: 1
Ratio = 557



Finally, we substitute the value of molar solubility S = % back into our ratio:

Ratio =

u(5)’

¥

0 — L.
Ratio = = s

4
Therefore, the ratio of the molar concentration of the anion to the solubility product is 5%1 . %

Option A is the correct answer.

Question14

Given is a concentrated solution of a weak electrolyte A, B, of concentration ' c' and
dissociation constant ' K '. The degree of dissociation is given by :
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Options:

A.

[K x o= 40 1goys] =

B.

z+y
cT+y— lmzyy

C.

cety-lge yy) +y

D.
<T+y11 )

Answer: B

Solution:

Let the weak electrolyte A, B, dissociate in water as follows:
A;By = z AV + yB*~
Let the initial concentration of A, B, be c, and let the degree of dissociation be a.
At equilibrium,
» Concentration of undissociated A; By = ¢(1 — «)

o Concentration of AY" = cza



¢ Concentration of B*~ = cya

_ By
K= "5
Substituting equilibrium concentrations:

_ (eza)®(cya)?
K= c(l—a)

Simplify:

_ xty—1,z,y oY
K=c¢ 'y

Since the solution is concentrated, o is small, but generally in such problems the expression is kept exact. However, for simplification,
at high concentration the term (1 — &) ~ 1 is often used if it is a weak electrolyte.

So approximately:
K~ Cz+y71$zyyar+y

T4y — K
a - cety—Igzyy

L1
— K iy
a = ( crty lzzyy )

This matches Option B:

1

K =
o= cm+y71 :L,zyy

Question15

Dissociation of a gas A, takes place according to the following chemical reaction. At
equilibrium, the total pressure is 1 bar at 300 K .

Ax(g) = 2A(g)

The standard Gibbs energy of formation of the involved substances has been
provided below:

Substance | AG/kJ mol
A, —100.00
A —50.832

The degree of dissociation of A;( g) is given by (z x 107?) 2 Where & =
. (Nearest integer).
[ Given: R = 8 Jmol ' K%, log2 = 0.3010, log 3 = 0.48 |

Assume degree of dissociation is not negligible.
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Answer: 33
Solution:

—1.664 x 10° = —8.3 x 300In K,
InK, = 0.693
K,=2
9— 4a2P0
1-a?
1

V3
1/2
o= <1;0 X 10—2>

= (33.33 x 107%) "

Question16
For the following gas phase equilibrium reaction at constant temperature,
NH3(g) = 1/2Ny(g) + 3/2H,( g)

if the total pressure is v/3 atm and the pressure equilibrium constant (Kp)is 9 atm,

then the degree of dissociation is given as (z x 10~?) "2 The value of zis .
(nearest integer)
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Answer: 125

Solution:

] 3
NH![:_{] ‘_'__;Nj[g_n + EHH;#

t=10 [ mole - -
=t |-t a2 3ai?

kpzw[ﬁr [‘.'PTZ\/gatm

(1-a) Tta

_ @) e

=9= (1-a) x 14+
_ ()’
=9=7"3
=1-a’= a
- 4



=a2=0.8

= a = (0.8)"/?
-1/2

= a = [g5]

a=[125x 1072 "

coxo=125.

Question17

Xa(g) +Ya(g) = 2Z(g)

X2( g) and Yy( g) are added to a 1 L flask and it is found that the system attains the
above equilibrium at T(K) with the number of moles of X>( g), Y2( g) and Z(g) being
3,3 and 9 mol respectively (equilibrium moles). Under this condition of equilibrium,
10 mol of Z(g) is added to the flask and the temperature is maintained at T'(K). Then
the number of moles of Z(g) in the flask when the new equilibrium is established is
. (Nearest integer)
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Answer: 15

Solution:

Given reaction:

Xa(g) + Ya(g) = 2Z(g)

1) Find K. from the first equilibrium
At equilibrium in a 1 L flask:

[Xo] =3, [Yo]=3, [Z]=9

_ 7P 92 _ 81 _
Ke=mpvg =33 =79 =9

2) After adding 10 mol of Z

New moles immediately (before shift):

Xo=3, Yy=3 Z=9+10=19

Since Z is added, equilibrium shifts left. Let the backward reaction proceed by « moles:
¢ Xy increases by
¢ Y increases by
o Z decreases by 2z

So at new equilibrium:

[Xz]:3+$, [Yz]:3+$, [Z]:19—2$



3) Apply equilibrium constant again

(19-22)?
(3+z)(3+x)

K. = =9

(19 — 22)2 = 9(3 + x)?

Taking positive square root (concentrations are positive):
19-2x=33+z)=9+3z

19 -9=3z+ 2z

10=5z=z=2

Hence,

New molesof Z =19 —2(2) =19—-4=15

Nearest integer = 15.

Question18

For the following reaction at 50°C and at 2 atm pressure,

2N,05(g) = 2N,04(g) + O2(g)

N,Os5 is 50% dissociated.

The magnitude of standard free energy change at this temperature is x.
£ =____ Jmol ! [Nearest integer].

Given: R = 8.314 Jmol ' K ', log2 = 0.30, log 3 = 0.48,1n 10 = 2.303,
°C+273=K
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Answer: 2474

Solution:

For the reaction
2N,05(g) = 2N204(g) + O2(9)
we have to find the magnitude of standard free energy change, that is, |AG®|.

We use the relation

AG°=—-RThK,
So first, let us calculate K.
1. Take 1 mole of N, Oj initially

Given that N5Oj5 is 50% dissociated.



So, initial moles of NoO5 = 1

Dissociated moles = 0.5

Now from the reaction,

2N,05 — 2N,04 + Oy

If 2 moles of N2 O3 dissociate, then:
¢ 2 moles of N3Oy are formed
e 1 mole of O4 is formed

Therefore, if 0.5 mole of N2Os5 dissociates:
¢ N»04 formed = 0.5 mole
e O3 formed = 0.25 mole

So at equilibrium:

n(N,O5) =1—-0.5=0.5

n(NyO04) = 0.5

n(0z) = 0.25

Total moles at equilibrium:

N = 0.5+ 0.5+ 0.25 = 1.25
2. Calculate mole fractions
YN,05; = % =04

YN, 0, = 125 — 0.4

Given total pressure P = 2 atm.
Hence partial pressures are:
Py,0, = 0.4 x 2 = 0.8 atm
Pn,0, = 0.4 x2=0.8atm

Py, =0.2x2=04atm
3. Expression for K,

For the reaction

2N,05(g) = 2N,04(g) + O4(9)

_ (Pxy0,)*(Poy)
Kp - (Pr,05)*

Substitute the values:

(0.8)%(0.4)
K,= 087 = 0.4
So,
K,=04

4. Calculate AG°

Temperature:

T=50+273=323K



Now,

AG°=-RThK,

AG° = —8.314 x 323 x In(0.4)

Now,

04=2

So,

In(0.4) =In2 —In5

Also,

loghb=1—-1log2=1-0.30 =0.70
Hence,

log(0.4) =logd — 1 =2log2—-1=0.60—1=—0.40
Therefore,

In(0.4) = 2.303 x (—0.40) = —0.9212
Now,

AG° = —8.314 x 323 x (—0.9212)
AG® ~ 2472 Jmol '

So the magnitude is

z = 2472 Tmol !

Final Answer:

Question19

The values of pressure equilibrium constant recorded at different temperatures for
the following equilibrium reaction have been given below A(g) = B(g) + C(g)

LT ( K_l) logyy K,
0.05 3.5
0.06 2.5
0.07 1.5
The magnitude of % calculated from the above data is . (Nearest integer)
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Answer: 230



Solution:

For the relation between equilibrium constant and temperature, we use the integrated van’t Hoff equation:

AH° 1
logw K, = —3303R " T + constant

This is in the form of a straight line:

y=mz+c

where
o y=log K,
1
o Ir—= —
T
| ;&
SOPC T = T 9303k

Now calculate the slope from the given data.

Using points (0.05, 3.5) and (0.06, 2.5):

_ . 25-35 _ -1 _
m = go6=0.05 — oor — —100
So,

AH®
— 3230 — —100
Hence,

AL — 100 x 2.303

AH®
A _ 9303

o

Therefore, the magnitude of

230

Nearest integer: [230]

Question20
In a closed flask at 600 K , one mole of X2Y4( g) attains equilibrium as given below :

At equilibrium, 75%X,Y,( g) was dissociated and the total pressure is 1 atm . The
magnitude of A,G® (in kJmol ! ) at this temperature is . (Nearest Integer)

(Given :
R=283Jmol 'K In10 = 2.3,log2 = 0.3,log 3 = 0.48,log5 = 0.69, log 7 = 0.84
)
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Answer: 8

Solution:
XY, (g) = 2XY,(g)
t=0 P’
t=t P'(l1 —a) 2P°a
P°l+a)=1
3 o é
==y
AP, a2 36
ko — _
Pl a2 7

AG® = —RT/nkp
36
IAG°| = 8.314 x 6001n <7)

— 8169.5 J mol
= 8.169 kJ /mol !

Question21

Solid carbon, CaO and CaCOj are mixed and allowed to attain equilibrium at T K.

CaCOg3(s) = CaO(s) + COy(g) Kp; =0.08 atm
C(s)+ COy(g) = 2C0O( g) Kp, = 2 atm

The partial pressure of COis __ x107! atm
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Answer: 4

Solution:

First, let's consider the first equilibrium:
CaCOs3(s) = CaO(s) + CO2(g) Kp, =0.08 atm

As we know from our study of chemical equilibrium, for the equilibrium constant expression K, we only consider the partial pressures
of the gaseous species. The concentrations of pure solids (like CaCO3 and CaQ) are considered to be unity (1).

So, for this reaction, the expression for K, is:



Ky, = pco,

We are given that K;,, = 0.08 atm.

Therefore, the partial pressure of CO, at equilibrium is fixed by this reaction.
pco, = 0.08 atm

This is an important first step. The presence of both CaCOj3( s) and CaO( s) ensures that the partial pressure of CO» is maintained at
this value.

Now, let's look at the second equilibrium:
C(s)+ CO2(g) = 2C0O(g) Kp, =2atm

Again, we write the expression for K,,. We consider the solid carbon, C(s), to have an activity of 1.

]{bz — (PCOV

Pco,

Since both reactions are taking place in the same vessel and are at equilibrium, the partial pressure of the common species, CO2, must
be the same for both.

We have already found that pco, = 0.08 atm from the first equilibrium. We also know that K, = 2 atm. Let's substitute these values
into the expression for Kp,:

(pco)?
2= 076)8

= (pco)? =2 x 0.08
= (pco)* = 0.16

= pco = v0.16

=pco = 0.4 atm

= pco =4 X 107! atm.

Therefore, the value to be filled in the blank is 4.

Question22
Consider the general reaction given below at 400 K
z A(g) = yB(sg).

The values of K, and K. are studied under the same condition of temperature but
variation in z and y.

() K, = 85.87 and K. = 2.586 appropriate units
(ii) K, = 0.862 and K, = 28.62 appropriate units

The values of z and y in (i) and (ii) respectively are :
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Options:



(i) | (i)

1,221

(i) | (i)

1,321

(i) | (i)

3,131

(i) | (i)

4,141

Answer: A

Solution:

For any gaseous reaction, the relationship between equilibrium constants is
K, = K.(RT)A"

where Ang = (moles of gaseous products) — (moles of gaseous reactants).
For the given reaction z A(g) = y B(g), we have

Ang =y —z.

For reaction (i) : K, > K¢

Since K, > K, using K, = K (RT)A"s, An, must be positive. So the number of moles of gaseous products is more than that of
reactants.

Ang>0
y—x >0
85.87 = 2.586(0.0821 x 400)¥~*

Here R = 0.0821 Latmmol ' K~ and T' = 400 K, so RT = 0.0821 x 400.
From the equation85.87 = 2.586(0.0821 x 400)Y~* we get

Solvingy —x ~1

This means the products have one mole more than the reactants. So
y—rz=1=>y=z+1.

Taking the simplest whole numbers, we can choose z = 1 and y = 2 for case (i).
For reaction (ii) : K, < K¢

Since K, < K., using K, = K, «(RT)As, Ang must be negative. So the number of moles of gaseous products is less than that of
reactants.

y—z <0.
Using the same relation, K, = K .(RT)Y~*,we write for reaction (ii)

0.862 = 28.62(0.0821 x 400)¥~*



Solving this, we find

y—zr~-—1

So the reactants have one mole more than the products:
y—x=—-1=z=y+1.

Taking the simplest whole numbers, we can choose z = 2 and y = 1 for case (ii).

Question23

Consider the following gaseous equilibrium in a closed container of volume ' V' ' at
T(K).

Py(g) +Qz2(g) = 2PQ(g)

2 moles each of Py( g), Q2( g) and PQ(g) are present at equilibrium. Now one mole
each of ' P, 'and ' Q, ' are added to the equilibrium keeping the temperature at
T(K). The number of moles of P, Q5 and PQ at the new equilibrium, respectively,
are
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Options:

A.

2.56,1.62,2.24

B.

2.67,2.67,2.67

C.

1.21,2.24,1.56

D.

1.66,1.66, 1.66

Answer: B
Solution:

For the equilibrium
Pa(g) + Q2(g) = 2PQ(g)

_ _[PQP?
Ke = a3

Since [X] = nx/V, the volume cancels:

_ (mg/V)2 Mg
Ke = o, M maalV) = 7y




1) Find K from the given equilibrium
Initially at equilibrium: np, = 2, nq, = 2, npq = 2

2
K =2 =1

2) After adding 1 mol each of P2, Q2
Immediately after addition: np, = 3, ng, = 3, npq = 2

Let the reaction proceed forward by extent a:

np,=3—2, nQ,=3—, nNpq=2+2

Apply K. =1:
1= (24+22)2 _ (2+22)?
— @B-2)(8-z) — (3-=x)?

(2+2z)3=B-2)?=>2+2z=3-z=>3z=1=z=1
So,

= 2.67

woloo

np,=3— % =
nq, = § = 2.67
npq=2+% =3 =267

Answer: Option B (2.67, 2.67, 2.67).

Question24

Observe the following equilibrium in a 1 L flask.

A(g) = B(g)

At T(K), the equilibrium concentrations of A and B are 0.5 M and 0.375 M
respectively. 0.1 moles of A is added into the flask and heated to T(K) to establish the
equilibrium again. The new equilibrium concentrations (in M) of A and B are
respectively
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Options:

A.

0.742, 0.557.

B.

0.367,0.275.

C.

0.53,0.4.



D.

0.557,0.418.
Answer: D
Solution:
A=B
0.5M 0.375M (At equilibrium)
Bl .
g = [[A]]; = % =0.75

Now 0.1 mole of A is added so reaction will move in forward direction.

A=B
06—x 0.375+x
0.375 +x
Keq — 0-75 — 0.6—_}{
0.45 — 0.75x = 0.375 + x
1.75x = 0.075
0075 3

=T 0 0.043

Moles of A = 0.043 = 0.557

Moles of B = 0.418

Question25

At T(K), the equilibrium constant of
A, (g) + By(g) = C(g) is 2.7 x 10~°,
What is the equilibrium constant for

3 A,(g) + 3 By(g) = 5C(g) at the same temperature?
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Options:

A.

(2.7 x 107%)°

B.

6 x 1072

V2.7 x107°



3x 1072

Answer: D

Solution:

For the reaction
As(g) + Bz(g) = C(g)
the equilibrium constant is given as
K=27x10""°
Now the new reaction is
FAs(g) + $Ba(g) = $C(e)
This reaction is obtained by dividing all the coefficients of the original reaction by 3.
According to the rule for equilibrium constants:
o if the coefficients of a balanced chemical equation are multiplied by n, then the new equilibrium constant becomes K™
o if the coefficients are divided by n, then the new equilibrium constant becomes K /™
So here,
K'— K3
Therefore,
K'=(2.7x107%)"*
Now calculate:
2.7 = (0.3)% x 100
But it is easier to check directly:
(3x1072)3=27%x10°=27x10"°
So,

1/3

(27%x107°) " =3x1072

Hence, the correct answer is:

So, Option D is correct.

Question26

The reaction A(g) = B(g) + C(g) was initiated with the amount ' a ' of A(g). At
equilibrium it is found that the amount of A(g) remaining is (a — z ) at a total
pressure of p .

The equilibrium constant Kp of the reaction can be calculated from the expression :



JEE Main 2026 (Online) Sth April Evening Shift

Options:

a"—x

—— XD

Answer: B

Solution:

For the reaction
A(g) = B(g) + C(g)
initial amount of A = a.
At equilibrium, amount of A4 left = a — z.
So, amount of A dissociated = .
Hence at equilibrium:

e A=a—=z

e B=2¢

e C=zx
Now total moles at equilibrium:
(a—z)+z+z=a+=z

Since total pressure is p, the partial pressures are:

Pa=i5tp
Pp==p
Po=5p
Now,

K, = P%fc

Substitute the values:

(zz7) (55P)
j— +:
)

Simplifying,



2 2
— _zp . _atx
Kp ~ (atz)? (a—z)p

—__a»
KP — (atz)(a—2)

Using
(a+z)(a—z)=a?—z2

we get

2

KpZ%p

a”—x

So the correct expression is:

K, = X p
Pg? g2

Therefore, the correct option is:

Question27

One mole each of He and A(g) are taken in a 10 L closed flask and heated to 400 K to
establish the following equilibrium.

A(g) = B(g)

K. for this reaction at 400 K is 4.0 . The partial pressures (in atm) of He and B(g) are
respectively (at equilibrium)

(Assume He, A(g) and B(g) behave as ideal gases)

(Given : R = 0.082 L atm K" mol ')

JEE Main 2026 (Online) 6th April Morning Shift
Options:

A.

3.28,2.624

B.

2.624,3.28

C.

3.28,0.656

D.

0.656, 6.56



Answer: A

Solution:
A——B
t=0 1 mol —
t ]l —x X
cq
10
Ko="110_y
10
x=0.8
1 082 x 4
py, — 10 Ofo <400 _ 5 98 atm
Py — 0.8 x 0.082 x 400 9694 atm
10
Question28

Consider the following reactions in which all the reactants and products are present
in gaseous state

2ry = 22 +y2 K;{ =2.5 % 10°
1
xy + §z2 = zyz Ky =5 X 1073

The value of K3 for the equilibrium %xz + %yz + %22 = TYzis:
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Options:
A.

2.5 x 1073
2.5 x 103

1.0 x 1075



D.

5x 1073
Answer: C
Solution:

N / 1 1
z2+y2 =22y, K'= K1 T 25x10°  25x10°
ot Ly o K7 — (L Yo (1)
7%2 T 3Y2 = TY, = \ <107 = Bx10?

Ty + 35 Lo =xyz, Ko =5x10"° ....... 2)
On adding equation (1) & (2)

1 1 1
—X2 + —y2 + TZ2 = Xyz

2 2 2

Kg:;><5><10*‘“’:1><10*5
5 x 102

Question29

The molar solubility(s) of zirconium phosphate with molecular formula
(zr*"), (PO} ), is given by relation :
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Options:

o=

=

ot

K
843
D. < 9612

Answer:

=

o=

)
)
)
2)

Solution:

Zry (POy ), (s) = 3Zr**(aq) + 4PO} (aq)
3s dg



Ky, = (35)° - (45)*

7
K,, = 6912 s

Kep \ 7
S —
6912

Question30

Which of the following happens when NH,OH is added gradually to the solution
containing 1 M A2+ and 1MB?3" ions?

Given : K, [A(OH)2] =9 x 10 and K, [B(OH)3] = 27 x 10 at 298 K.
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Options:

A. A(OH); will precipitate before B(OH);

B. A(OH); and B(OH)3 will precipitate together

C. Both A(OH), and B(OH)3 do not show precipitation with NH;OH
D. B(OH); will precipitate before A(OH)5

Answer: D

Solution:

Condition for precipitation Q;, > K,
For [A(OH),]

[A2][0H]> > 9 x 101

(A7) =1m

= [OH™| >3x107°M

For [B(OH)s3]

[B*][0H ]’ > 27 x 1078
(B =1m
= [OH"] >3 x10~°M

So, B(OH)3 will precipitate before A(OH)»




Question31

pH of water is 7 at 25°C. If water is heated to 80°C., it's pH will :
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Options:

A. Decrease

B. Remains the same

C. Increase

D. H" concentration increases, OH ™ concentration decreases

Answer: A
Solution:

When water is heated, its self-ionization increases. At 25°C, the water ionization constant is given by
K, =[H"][OH ] =1.0 x 107,

$0 in pure water,

[HY] = [OH ] =1.0 x 107" M,

which corresponds to a pH of 7.

As water is heated to 80°C, the value of K, increases due to the endothermic nature of water’s autoionization. This means that both
[H"] and [OH "] increase. However, since their concentrations remain equal (which defines neutrality at that temperature), the pH isn’t
7 anymore. Instead, the increased concentration of H" ions leads to a pH value lower than 7.

Key points:

Heating water increases K.

Higher K, means higher [HT] (and equally higher [OH]).

Thus, the pH decreases (e.g., it might be around 6.5—6.6 at 80°C) even though the water is still neutral.
So, the correct answer is:

Option A — Decrease.

Question32

K, for Cr(OH);3 is 1.6 x 10 %", What is the molar solubility of this salt in water?
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Options:



A. /1.8 x 10730

1.8x107%°
B. =

4/ 1.6x10~%
C. 4/ B T

D. V1.6 x 10730

Answer: C

Solution:

To find the molar solubility of Cr(OH)3 in water, we start with the dissolution equilibrium:

Cr(OH)y( 5 = cr?;q) +30H

3s
At equilibrium, the solubility product K, is given by:
K = (s)- (3s)3 = 275"

Substituting the given K, value:

27s* = 1.6 x 1073

Solving for s, we divide both sides by 27:

30\ 1/4
g — [ L6x107% /
27

Thus, the molar solubility of Cr(OH)s3 is:

(48 x 10-30)

Question33

A weak acid HA has degree of dissociation x . Which option gives the correct
expression of (pH - pK,)?
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Options:

A. log ( L )

T

B.0

C. log(1 + 2x)

D. log ( T )

Answer: D

Solution:



HA = H® + A®
t=0 a
t=t a(l—-x) ax ax

K, = (ax) l(f)x; [H+] = ax

—log (Ka) = — log(ax) — log (ﬁ)

pKasz—log( X )
1—x

X
1—x

Question34

pH — pKa = log (

Arrange the following in increasing order of solubility product :

Ca(OH),, AgBr, PbS, HgS
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Options:

A.PbS < HgS < Ca(OH); < AgBr

B. HgS < AgBr < PbS < Ca(OH),

C. HgS < PbS < AgBr < Ca(OH).

D. Ca(OH),; < AgBr < HgS < PbS

Answer: C

Solution:

Based on the Ksp values and salt analysis cation identification, we can say that order of Ksp value is:
HgS < PbS < AgBr < Ca(OH),
Ksp values

HgS — 4 x 107%

PbS — 8 x 10~
AgBr — 5x 1071
Ca(OH); — 5.5 x 1076

Question35

If equal volumes of AB> and XY (both are salts) aqueous solutions are mixed, which
of the following combination will give a precipitate of AY; at 300 K ?(Given K, ( at

300 K)for AY; =5.2x1077)
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Options:

A.2.0 x 107*MAB,, 0.8 x 10 °MXY

B. 2.0 x 107 2MAB,, 2.0 x 10 2MXY

C.1.5 x 107*MAB,, 1.5 x 10 *MXY

D. 3.6 x 107 3MAB,, 5.0 x 10~ ‘MXY

Answer: B
Solution:

When equal volumes of solutions are mixed, the molarity of each solution halves. To determine if a precipitate will form, calculate the
ionic product Qgp using the formula:

Qse = [A¥][Y]?

A precipitate of AY 2 will form if Qsp > Kgp, where Kgp is given as 5.2 X 1077,
Option 1 Calculation:

Qsp = (1.8 x107%) (2 x 10_4)2 = Calculated value < Kgp

Option 2 Calculation:

Qsp = (107)(0.4 x 10_3)2 = Calculated value < Kgp

Option 3 Calculation:

Qsp = (1072)(1072)* = Calculated value > Ksp

Option 4 Calculation:

Qsp = (52 x107%) (42 x 10*3)2 = Calculated value < Kgp

From the calculations, the solution in Option 3 will form a precipitate since the ionic product Qgp is greater than the solubility product
KSP.

Question36

40 mL of a mixture of CH3COOH and HCI (aqueous solution) is titrated against 0.1
M NaOH solution conductometrically. Which of the following statement is correct?



T

Conductance C
ms B

e

2.0 5.0
VNGOH { Tﬂl ,—
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Options:

A. The concentration of CH3COOH in the original mixture is 0.005 M
B. The concentration of HCI in the original mixture is 0.005 M

C. CH3COOH is neutralised first followed by neutralisation of HC]

D. Point ' C ' indicates the complete neutralisation of HCI1

Answer: B
Solution:

For HCI:

Moles of HCI = Moles of NaOH used

M x40=10.1 x 2

M = 0.005

For CH3COOH:

Moles of CH3COOH = Moles of NaOH used
Mx40=0.1x3

M = 0.0075

Since HCl is a strong acid, it is neutralized first.

Question37

An aqueous solution of HCI with pH 1.0 is diluted by adding equal volume of water
(ignoring dissociation of water). The pH of HCI solution would

( Given log2 = 0.30)
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Options:

A. increase to 1.3

B. reduce to 0.5

C. increase to 2

D. remain same

Answer: A

Solution:

An aqueous solution of HCl initially has a pH of 1.0, meaning the hydrogen ion concentration is [H+] =10"'M.
When we dilute the solution by adding an equal volume of water, the concentration of hydrogen ions will be halved:
H'pew =%~ =5x1072M

To find the new pH, we use the pH formula:

pH = —log[H"]

Substituting the new hydrogen ion concentration gives:

pH = —log(5 x 107%)

Using the logarithm property log(a x b) = loga + log b:

pH = —(log5 + log 1072) = —log5 + 2

Given log 2 = 0.30, we need log 5, which can be calculated as:

log10 = log(2 x 5) = log 2 + logh = log5 = log 10 — log2 =1 — 0.30 = 0.70

Thus:

pH = —(0.70) + 2 = 1.3

Therefore, the pH of the solution increases to 1.3.

Question38

If 1 mM solution of ethylamine produces pH = 9, then the ionization constant (K,) of
ethylamine is 10~ *. The value of x is (nearest integer).

[The degree of ionization of ethylamine can be neglected with respect to unity.]
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Answer: 7

Solution:



o
CQH5NH2(aq) +HO = CQHQNH;—F OH
C=103M - -
Cl-a Ca Co
=C=10"2% =10° =105

l-a~1
. o
Given, P2 =9 = PH = 5= [OH] = 10°M

<)
_ [caHNm;) On)
Now, K = CoH,NH;]
1079x107% =7

= Kb = "7

Question39

The observed and normal molar masses of compound MX5 are 65.6 and 164
respectively. The percent degree of ionisation of M X is %. (Nearest
integer)
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Answer: 75

Solution:

To calculate the percent degree of ionization of the compound MX,, we begin by considering its dissociation process:
MX,; — M*2 42X~

Next, we use the van't Hoff factor (i), calculated as the ratio of the normal molar mass to the observed molar mass:

i = normal molar mass _ 164

observed molar mass 65

)

Now, expressing the relationship of ionization in terms of the van't Hoff factor, we have:

1+(3-1a= g5
Simplifying this equation gives us:

_ 164 1 _ 984
20 = g = 56

Solving for a:
a=0.75
Therefore, the percent dissociation, or the percent degree of ionization, is:

Percent dissociation = 75%

Question4(



The pH of 2 0.01 M weak acid HX (K, = 4 x 107'?) is found to be 5. Now the acid
solution is diluted with excess of water so that the pH of the solution changes to 6 .
The new concentration of the diluted weak acid is given as z x 10~*M. The value of z
is (nearest integer)
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Answer: 25

Solution:

gt - _ —10
HX(aq) = H(aq) + X(aq)Ka =4x10

0.01(1 —a) 0.0la 0.0la Not justified
=00la=10°"=a=10"°
K, =0.0la®*=10""

On dilution let final concentration of HX = ¢cM

. +
HX(ag) = Hpg) + X (o)

Cl-a) Ca Ca

Ca? _
1_a=Ka=108 ..... )
10 % —10°%

1—«a

Data given is inconsistent & contradictory. This should be bonus.

Question41

zmg of Mg(OH)2( molar mass = 58) is required to be dissolved in 1.0 L of water to
produce a pH of 10.0 at 298 K . The value of x is mg. (Nearest integer)

(Given : Mg(OH), is assumed to dissociate completely in H,O ]
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Answer: 3

Solution:

To determine the mass of Mg(OH): that needs to be dissolved to achieve a pH of 10.0, follow these steps:

Given:



pH=10

Therefore, pPOH =14 - pH =4

[OH1=10*M

First, calculate the number of moles of OH™ ions:

Number of moles of OH =10~

Since Mg(OH): dissociates completely in water, from one mole of Mg(OH):, you get two moles of OH™:
Number of moles of Mg(OH). = (107*) /2 =15 x 10~ moles
Next, calculate the mass of Mg(OH)a:

Molar mass of Mg(OH): = 58 g/mol

Convert the number of moles to mass:

Mass of Mg(OH)z = (5 x 107° moles) x (58 g/mol)=2.9 x 103 g
Convert to milligrams: 2.9 x 1072 g=2.9 mg

Therefore, the calculated mass of Mg(OH): required is approximately 2.9 mg.

Question42

The molar conductance of an infinitely dilute solution of ammonium chloride was
found to be 185 S cm® mol ' and the ionic conductance of hydroxyl and chloride ions
are 170 and 70 S cm? mol *, respectively. If molar conductance of 0.02 M solution of
ammonium hydroxide is 85.5 S cm? mol 7, its degree of dissociation is given by

z x 10~1.The value of x is . (Nearest integer)
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Answer: 3
Solution:

X% of NH,Cl = 185

Aw)xm; + (Am)ar = 185

(Am)nm; = 185 — 70 = 115Sem® mol '
(A)vmon = )y + (An) on-
=115+170

(Am)Nm,0m = 285Scm? mol

(Am)Nm,0H
degree of dissociation = ———-"—

(A Nm.0m
855
285
=0.3

=3x 107!




Question43

The percentage dissociation of a salt (MX3) solution at given temperature (van't Hoff
factori =2)is % (Nearest integer)
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Answer: 33
Solution:

To determine the percentage dissociation of the salt MX3, consider the following dissociation reaction:

MX; - M +3X~

The van't Hoff factor, i, is given as 2. The formula relating i to the degree of dissociation, a, is:
i=1+(@n-1)a

Here, n represents the total number of ions produced per formula unit of the salt. For MX 3, dissociation yields:
1 M ion

3 X" ions

Thus, n = 4. Substituting into the formula, we have:

2=14+(4-1a

Simplifying, we solve for a:

2=1+4 3«
3a=1
a:%%0.3333

As a percentage, this degree of dissociation is:
a x 100% =~ 33.33%

Rounding to the nearest integer gives:

33%

Therefore, the percentage dissociation of the salt MX is approximately 33%.

Question44

One litre buffer solution was prepared by adding 0.10 mol each of NH3 and NH4Cl in
deionised water. The change in pH on addition of 0.05 mol of HCI to the above
solution is x1072.

(Nearest integer)

Given : pK, of NH3; = 4.745 and log,, 3 = 0.477
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Answer: 48

Solution:

[NH,]

pOH = pK; + log
b [NH3]

pOH = 4.745
on adding 0.05 mole HC1

NH;+ H® — NH?
0.1  0.05 0.1
0.05 0 0.15

pOH’ = 4.745 + log 3

pOH’ — pOH = 0.477

14 — pH' — 14 + pH = 0.477
ApH = 0.477

=47.7x 1072 ~ 48 x 1072

Question45

A vessel at 1000 K contains CO; with a pressure of 0.5 atm . Some of CO5 is
converted into CO on addition of graphite. If total pressure at equilibrium is 0.8 atm
, then Kp is :
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Options:

A.0.18 atm

B. 0.3 atm

C. 3 atm

D. 1.8 atm

Answer: D

Solution:

The reaction is:
CO,(g) + C(s) = 2CO(g)

Initially, the pressure of CO, is 0.5 atm, and the pressure of CO is 0 atm. Let 'x' be the change in pressure of CO, at equilibrium. Since
the stoichiometric coefficient of CO is twice that of COs,, the pressure of CO formed at equilibrium is 2x.



At equilibrium:

Pressure of CO2 = 0.5 — z

Pressure of CO = 2z

The total pressure at equilibrium is given as 0.8 atm. Therefore:
(0.5—z)+2z=0.8

0.5+2=038

z=08-05=0.3

So, at equilibrium:

Pressure of CO5 = 0.5 — 0.3 = 0.2 atm
Pressure of CO = 2(0.3) = 0.6 atm

The equilibrium constant K, is given by:

2
PCO

KP = Pco2
K, = 00° _ 036 _ 1.8 atm

0.2

Therefore, the value of K, is 1.8 atm.

Question46
Consider the reaction
X2Y(g) = Xa(g) + 5Y2(g)

The equation representing correct relationship between the degree of dissociation (x)
of X,Y(g) with its equilibrium constant Kp is .

Assume z to be very very small.
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Options:

_ s/Kp
A.:z:—\/p

— 3/ Kp
B.x = %

3 2Kp2
C.a:—\/ o
D a::\?/—mp
) p

Answer: C

Solution:



To determine the relationship between the degree of dissociation (z) of X2Y(g) and its equilibrium constant K, let's analyze the
reaction:

X>Y(g) = Xa(g) + 3 Ya(g)

Initial and Change in Moles
Initially, we start with 1 mole of XoY.
At equilibrium:

XY is (1 — x) moles.

X4 is  moles.

%Yz is 5 moles.

Partial Pressures

The total pressure Py, is given by:

PXZY =1z «p

1+3
—_ _z
PXZ_ 1+% x P
z/2
PYZZ T+ x P

Equilibrium Constant Expression

The equilibrium constant K, can be written in terms of partial pressures:

z 1/2
K (1+% P> (1+§ﬁ P>
P 1z p

g

Simplifying the expression, considering x to be very small, results in:

. . \Y2 1
K, = (E)(z(u%)) P2
For small z, (1 — z) =~ 1, thus:

3/2 1
K = Zl -P2

3

32 _ K,-21/?2

T = —pip

Finally, by cubing both sides:

2.K?
3 _ P
T°="p

o - (285)"

Thus, the degree of dissociation z relates to K, by the equation:

= (2{;5)1/3

Question47
For the reaction,

Hy(g) +I2(g) = 2HI( g)



Attainment of equilibrium is predicted correctly by :
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Options:

A.

Molar conc.

Molar conc.

Molar conc.

N

Time

o8

I

HI

Time

Time



o 2
=
S
5 o
= HI
= /
Time
Answer: C
Solution:

Hy + 1, = 2HI

Concentration of Hy and I, decreases untill equilibrium condition and concentration of HI increases till equilibrium condition and after
equilibrium concentration of all the reactant and products remain constant.Correct option (2)

Question48

At temperature T, compound AB;, dissociates as ABy) = AB(, + %Bz(g) having

degree of dissociation x (small compared to unity). The correct expression for x in
terms of K, and p is:
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Options:

A.

VK,

2
3/ 2K2

p
o/ 2K,
C. »
D ‘4/ 2K,
’ D

Answer: B

Solution:

ABy(g) = AB(g) + 3 Ba(9)
Degree of dissociation — z (small compared to unity)
Equilibrium constant interms of pressure — k,

Partial pressure of each gas — Pap,, P4ap and Pp,



Total pressure — P

ICE Table:
ABy., — AB,, + +B»
He) = g} 2 A
[nitial
] 0 0
moles
. . | .
Change x +x + X
moles
o 1,
Equilibrium | x X 3
moles
. . | 1
Tohlll‘ 1]].()1{..5 al =y y+ - 5 X = | - 5%
equilibrium
partial pressure ___moles at equilibrium
at equilibiium totaT molcs at x total pressure

equilibrium

Partial pressure of AB5(g)
Pap, = (1%)P

ABy = \ 14%
Partial pressure of AB(g)
Pap = (1) P
Partial pressure of Ba(g)

2 \P

Pr. = ()

K, for the equation Ay(g) = AB(y) + 5 Bs(g) can be written as

1/2
ke — PapPy)
P = " Pag,
= 1/2
(B 2
PLx (5 P)
ﬁP
2
1/2
€T
z X (1+I P)
o 1—=2
given, z < 1
So,1—z=1
z 1/2
o ()
1+5
K, =
1
2\1/2
_ (%) 1/2
=1z X (ﬂ)mp
2
xx;%/;—xpm
(2+2)1/2
5172
o mS/2><p1/2 % 21/2
- 21/2 (2+)1/2
k1



z3/2 x pl/2

21/2
.’133p 1/2
-(%)
1‘3p 1/2
b= (T)

Square on both sides,

2 TP
M=
mSp:2k§

2k
==
p
o 2k2
T =4 —
p

Question49
Consider the equilibrium
CO(g) + 3Hz(g) = CHy(g) + H2O(g)

If the pressure applied over the system increases by two fold at constant temperature
then

(A) Concentration of reactants and products increases.
(B) Equilibrium will shift in forward direction.
(C) Equilibrium constant increases since concentration of products increases.

(D) Equilibrium constant remains unchanged as concentration of reactants and
products remain same.

Choose the correct answer from the options given below :
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Options:

A. (A) and (B) only

B. (A), (B) and (D) only

C. (B) and (C) only

D. (A), (B) and (C) only



Answer: A

Solution:

Given equilibrium

CO(g) + 3H2(g) = CH4(g) + HzO(g)
(n=4) (n=2)

Temperature — Constant
Pressure — Increases by two fold.

It is based on Le Chatelier's principle. The principle states that if a change of condition is applied to a system in equilibrium, the system
will shift in a direction that relieves the stress.

When pressure increases in a chemical equilibrium, the equilibrium shifts towards the side of the reaction with fewer moles of gas
molecules. According to the principle, the reaction will favor the side that provides fewer gas molecules to counteract the increased
pressure.

In this equilibrium, fewer gas molecules are on the produce side and on increase in pressure, equilibrium shifts towards products -
forwarded reaction occurs. As a result, concentration of the products increases.

A) Concentration of reactants and products increases.
— Correct

With increase in pressure, at constant temperature, the concentration of both reactants and products will increase because the same
amount of gas is now in a smaller volume.

(B) Equilibrium will shift in forward direction

Correct

Increase in pressure causes product formation as the equilibrium shift is in the forward direction.
(C) Equilibrium constant increases since concentration of products increases.

Not correct.

The expression for equilibrium constant (K.) for the given equilibrium can be written as

[CH4J[H,0]
[CO][Hz)*

K =
Equilibrium constant is not changed with increase in pressure and increase in concentration of reactants or products.

So, the equilibrium constant value is does not affected by change in concentration. If the change increase in concentration of product
takes place, the equilibrium position will be shifted to counteract the change. So, equilibrium const value does not increase. Statement is
incorrect.

(D) Equilibrium constant remains unchanged as concentration of reactants and products remain same.

State is incorrect.

In the reaction, increase in pressure causes changes in the concentration of rectants and products but the equilibrium constant will not
change.

Statements (A) and (B) are correct.

Questions0

Consider the following chemical equilibrium of the gas phase reaction at a constant
temperature : A(g) = B(g) + C(g)

If p being the total pressure, K, is the pressure equilibrium constant and « is the
degree of dissociation, then which of the following is true at equilibrium?
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Options:

A.

If K, value is extremely high compared to p, o becomes much less than unity
B. When p increases « increases

C. If p value is extremely high compared to K, a ~ 1

D. When p increases a decreases

Answer: D

Solution:

A(g) — B(g) + C(g)

t=0 a 0 0
t=t a(l-o) ax ac
a moles of A(g) taken initially and at time

Now moles fraction of A(g), B(g) and C(g) are

a— ax 1—«a

XA: =
a+ ax l1+a
Xp = aa __«a
a4+ ax 1+«
Xc = aa __«

a+ ax l1+a

Now if P is total pressure then partial pressure of A(g), B(g) and C(g) are

Pp = (1301)P

Po= (11(1)13

o (TP ()P
2(%1—3)P

Kp = 101_1;2

As Kp is only function of temperature.

SoasP1T al

Questions1

Given below are two statements :



Statement I : A catalyst cannot alter the equilibrium constant (K.) of the reaction,
temperature remaining constant.

Statement II : A homogenous catalyst can change the equilibrium composition of a
system, temperature remaining constant.

In the light of the above statements, choose the correct answer from the options given
below
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Options:

A. Statement I is true but Statement II is false

B. Statement I is false but Statement II is true

C. Both Statement I and Statement II are true

D. Both Statement I and Statement II are false

Answer: A

Solution:

Let's analyze both statements:
Statement I: "A catalyst cannot alter the equilibrium constant (K.) of the reaction, temperature remaining constant."
A catalyst speeds up both the forward and reverse reactions equally, allowing the system to reach equilibrium faster.

However, it does not change the energy difference between reactants and products (i.e., the Gibbs free energy change), which directly
determines the equilibrium constant.

Therefore, this statement is true.
Statement II: "A homogenous catalyst can change the equilibrium composition of a system, temperature remaining constant."

A homogeneous catalyst acts in the same phase as the reactants and, like any catalyst, it only helps the reaction reach equilibrium more
quickly.

It does not alter the equilibrium position, meaning the relative concentrations of reactants and products at equilibrium remain unchanged
if the temperature is constant.

Thus, this statement is false.
In summary:

Statement I is true.
Statement II is false.

The correct answer is: Option A.

QuestionS2

In the following system, PCl;( g) = PCl3( g) + Cla( g) at equilibrium, upon addition
of xenon gas at constant T \& p , the concentration of
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Options:

A. PCl;, PCl3&Cl; remain constant

B. PCl3 will increase

C. Cl, will decrease

D. PClj; will increase

Answer: B
Solution:

When xenon gas, an inert gas, is added to the equilibrium system PCls(g) = PCl;(g) + Cla(g) at a constant temperature and pressure,
it affects the equilibrium according to Le Chatelier's principle. The addition of an inert gas at constant pressure effectively increases the
volume of the system, reducing the concentration of the gases involved.

Since the system is at constant pressure, adding an inert gas increases the total volume, which favors the side of the reaction with more
moles of gas. In this reaction, there are two moles of gas on the right side (PCl; and Cly) compared to one mole on the left (PCls).
Thus, the equilibrium will shift toward the right to increase the number of moles and counteract the change, decreasing the
concentration of PCls and increasing the concentrations of PCl3 and Cls.

However, due to the increase in overall volume, the individual concentrations of all species ([PCls], [PCls], [Clp]) will decrease as a
result of more space being available for the same amount of gas particles.

Questions3

37.8 g N,O5 was taken in a 1 L reaction vessel and allowed to undergo the following
reaction at 500 K

2N505(5) = 2 Ny0y(4) + Oy g

The total pressure at equilibrium was found to be 18.65 bar.
Then, Kp = %1072 [nearest integer]

Assume N2Oj5 to behave ideally under these conditions.

Given: R = 0.082 bar Lmol ! K !
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Answer: 962

Solution:



Initial pressure of NoOj

318 % 0.082 x 500
= T = 14.35bar

t=0 14.35
t=eq 14.35-2P 2P P
Prow ateqb = 14.35 +P = 18.65
P =43
Py,0, = 5.75bar
Pn,0, = 8.6bar
Py, = 4.3bar
2
k, = B ¥ (43) _ o619 x x 102
(5.75)2
x = 961.9 ~ 962

Question54
Consider the following equilibrium,
CO( g) + 2H,(g) = CH30H( g)

0.1 mol of CO along with a catalyst is present in a 2dm? flask maintained at 500 K .
Hydrogen is introduced into the flask until the pressure is 5 bar and 0.04 mol of
CH3OH is formed. The K g is %1073 (nearest integer).

Given : R = 0.08 dm® bar K-! mol !

Assume only methanol is formed as the product and the system follows ideal gas
behaviour.
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Answer: 74

Solution:

CO(g) + 2H(g) —= CI[,OH(g)

t=0 0.lmol amol -

leq 0.1 -x a-2x x=0.04
=006 =a-008
=0.23-0.08

=0.15 mole



V=2L

T =500K
Ptotal = 5 bar
1

NTotal = 0.25 = 7 mol

RT
Plotal = NMyotal X 7

0.08 x 500
= 5= (0.06+a — 0.08 + 0.04) x ———
= 10 = (0.02 + a) x 0.08 x 500
=a=0.25—-0.02 = 0.23 mol
X . 1/412
Kp — CH;OH 1 _ 0.04 g L
Xco x X4 (Pg)?  0.06 x (0.15)2 5

B 4 1
T 6x(0.15)2x16 25
100 x 100 100 x 100
T 24 x225x25 135000
=0.074="74x 1073

Questions5

The equilibrium constant for decomposition of H,O(g)
H,0(g) = Hy(g) + 10,(g) (AG® =92.34kJ mol ')
is 8.0 x 1073 at 2300 K and total pressure at equilibrium is 1 bar. Under this

condition, the degree of dissociation («) of water is %1072 (nearest integer
value).

[Assume « is negligible with respect to 1]
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Answer: 5

Solution:

H2O(g) = Hz( g) T %Oz( g)
2 (g) s M) i 2 2g)

t=0 1 mole

o
2



o
nT:1+5:1(a<<1)

1
P)

_PwPy (@ P)(5P)

kp = =
" Pmo 1_a)P
P=1
3/2
8x 103 =2
V2

a®? =82 x 1073
a®=128 x107°

a =128 x 1072
=5.03 x 102

Question56

For the reaction N,Oy4(g) = 2NO,(g), Kp = 0.492atm at 300K. K_ for the reaction at

same temperature is X 1072,

(Given : R = 0.082L atmmol 'K

[29-Jan-2024 Shift 1]

Answer: 2

Solution:

Bp_ 0492 5 457
T 0.082x300

QuestionsS7

The following concentrations were observed at S00K for the formation
of NH3; from N, and H,. At equilibrium :

[N,] =2 x 1072M, [H,] =3 x 107>M and [NH3] = 1.5 x 10">M. Equilibrium constant
for the reactionis

[29-Jan-2024 Shift 2]

Answer: 417



Solution:

_ gy
[N,I[E, )

_ (1.5 = 107H?
(2% 107 = (3= 107H°

C

C

K. =417

QuestionS8
For the given reaction, choose the correct expression of K¢ from the following :-

3+ et = s ey 2
Fey +SCN,,~ = (FeSCN),

(aq)

[31-Jan-2024 Shift 1]

Options:

A.

K, = [FeSCN™]
[Fe’ J[SCN]

B.

k. - [Fe][SCN]

[FeSCN™]
C.
2+
K. = [FeSCN™ ]
C 342 -2
[Fe” J'[SCN ]
D.
g [FeSCN'T’
© [FeI[SCNT]
Answer: A
Solution:
K = Products ion conc.
c_ N
Reactants 1on conc.
k- _[FeSCNT]

C

[Fe*"][SCN]



Questions9

Given below are two statements :

Statement (I) : Aqueous solution of ammonium carbonate is basic.
Statement (II) : Acidic/basic nature of salt solution of a salt of weak acid and weak
base depends on Ka and Kb value of acid and the base forming it.

In the light of the above statements, choose the most appropriate answer from the
options given below :

[27-Jan-2024 Shift 1]
Options:
A.

Both Statement I and Statement II are correct
B.

Statement I is correct but Statement II is incorrect

C.

Both Statement I and Statement II are incorrect
D.

Statement I is incorrect but Statement II is correct

Answer: A

Solution:

Aqueous solution of (NH,4),COj is Basic

pH of salt of weak acid and weak base depends on Ka and Kb value of acid and the base forming it

Question6(

Which of the following is strongest Bronsted base?

[27-Jan-2024 Shift 1]
Options:

A.



NH,

Answer: D

Solution:

N"<— localised lone pair& sp’

L

Question61

The pH at which Mg(OH),[K sp=1 x 10_11] begins to precipitate from a solution
containing 0.10M Mg2+ ions is

[30-Jan-2024 Shift 1]

Answer: 9



Solution:

Precipitation when Q}_p = KSP
Mg JoH T =107"
0.1=x[OHJ=10"=[0H]=10"

=pOH=5 =pH=9

Question62

The pH of an aqueous solution containing 1M benzoic acid (pKa =
4.20) and 1M sodium benzoate is 4.5. The volume of benzoic acid solution in

300 mL of this buffer solution is mL.

[30-Jan-2024 Shift 2]

Answer: 100

Solution:

1M Benzoic acid + 1M Sodmum Benzoate
{\-"a ml) (W : ml)
Millimole \-"a %] V,— x 1

pH=435

[salt ]

H =pka+log
PP ST acid ]

Question63

Ka for CH;COOH is 1.8 x 10~ and Kb for NH4OH is 1.8 x 10>, The pH of
ammonium acetate solution will be

[1-Feb-2024 Shift 1]



Answer: 7

Solution:

— pKw + pKa. B pr

o
P 2

K. =pK

El b

K
= pH = p_?“' =7

“

Question64

Solubility of calcium phosphate (molecular mass, M) in water
is W, per 100mL at 25°C. Its solubility product at 25°C will be approximately.

[1-Feb-2024 Shift 2]

Options:

Answer: B

Solution:



_ Wx10
M

5

Cay(PO,),(5) = 3Ca’"(aq.) + 2P0, (aq.)
3 5 e

g— Wx1000 _ W10
M= 100 M

K_=@sQs)
=108 s

]5

3

=103x105x{

2=

=1_03x10"{ %

e

Question65

The dissociation constant of acetic is x x 10_°. When 25 mL of 0.2M CH, COONa
solution is mixed with 25 mL of 0.02 M CH,; COOH solution, the pH of the resultant

solution is found to be equal to 5. The value of xis
[24-Jan-2023 Shift 1]

Answer: 10

Solution:

Buffer of HOAc and NaOAc

0.1
pH =pKa+log 000
5=pKa+1
pKa=4
Ka=10"
x=10
Question66

If the pKa of lactic acid is 5, then the pH of 0.005M calcium lactate solution at 25°C

is x10"" (Nearest integer)

Lactic acid
H
|

CH,- ¢ -COOH
\

[24-Jan-2023 Shift 2]



Answer: 85

Solution:

Concentration of calcium lactate =0.005M,: concentration of lactate ion = (2 x 0.005)M. Calcium lactate is a salt of weak
acid + strong base - Salt hydrolysis will take place.

pH=7+ %(pKa +1og C)

—7+ %(5 +1og(2 x 0.005))

—7+ %[5*210g10]27+ %x3:8.5:85x10"

Question67

A litre of buffer solution contains 0.1 mole of each of NH3 and NH 1 Cl. On the
addition of 0.02 mole of HCI by dissolving gaseous HCl, the pH of the solution is

found to be X 10_3( Nearest integer)
[. Given : pK, (NH,) = 4.745

log2 =0.301

log3 =0.477

T =298K]

[25-Jan-2023 Shift 1]

Answer: 9079

Solution:

In resultant solution
nyy = 0.1-0.02=0.08

n =n_ ,=0.1+0.02=0.12
NH,

NH, ClI
OH = pKb, +1 [NH4+]
p = pKb,Tlog m

=4.745 +log —8(1)§

=4.745 + log %

=4.745+0.477-0.301
pOH =4.921
pH=14—-pH

=9.079

Question68



When the hydrogen ion concentration [H+]changes by a factor of 1000 , the value of
pH of the solution .
[25-Jan-2023 Shift 2]

Options:

A. increases by 1000 units
B. decreases by 3 units

C. decreases by 2 units

D. increases by 2 units

Answer: B
Solution:
A[H']=1000

ApH=—log A[H']=~log 10
=-3

Question69

Match List I with List IT
A. Aniline |. 3.25
B. Ethanamine 1. 3.00
C. N-Ethylethanamine 1. 9.38
D. N, N-Diethylethanamine | V. 3.29

Choose the correct answer from the options given below :-
[25-Jan-2023 Shift 2]

Options:

A. A-1, B-1V, C-II, D-111
B. A-1I1I, B-1I, C-1, D-IV
C. A-111, B-II, C-1V, D-1
D. A-111, B-1V, C-11, D-1
Answer: D

Solution:



I
HC—C—NH, HC,—N—C.H, IL(',—.T—(‘,H‘.
I l
b H CLH.

(A)Aniline (B) Cthanamine (CYN-Cihylethanamine (D) N, T;I-Di-:th\Icll'.umunir'u:

Basic Strength a L
pK,

Order for pK, : A>B>D>C

Question70

Millimoles of calcium hydroxyide required to produce 100 mL of the aqueous

solution of pH 12 is x X 10~". The value of x is (Nearest integer).

Assume complete dissociation.
[29-Jan-2023 Shift 1]

Answer: 5

Solution:

~pH=12

~[H7=10"M

~[OH]1=10"M

~ [Ca(OH),] = 5% 10 °M

milli moles of Ca (OH),
100 mL

milli moles of Ca(OH),=5x10""

5x10°=

Question71

600 mL of 0.01M HCl is mixed with 400 mL of 0.01MH,SO,. The pH of the mixture is

x10 2. (Nearest integer)
[Given log 2 = 0.30, log3 =0.48
log5=0.69 log7=0.84
log 11 =1.04 ]
[30-Jan-2023 Shift 1]

Answer: 186



Solution:

Total milimoles of H™ = (600 x 0.01) + (400 x 0.01 x 2)
=14
+ 14 -3
[H] = 1000 14 %10
pH =3-log 14
=1.86
=186x107°

Question72

The correct order of pK_ values for the following compounds is:
6 OH OH é
@ @ N

(a) (b) (c) (d)
[30-Jan-2023 Shift 2]
Options:
A.c>a>d>b
B.b>d>a>c
C.b>a>d >c
D.a>b>c>d

Answer: B

Solution:

Due to —M effect of -NO, group, it increases acidity +M effect of N(CH,), decreases acidity.

Hyperconjugation of isopropyl decrease acidity
-~ order of acidic strength
(c)>(a)>(d)>(b)

Question73

The logarithm of equilibrium constant for the reaction Pd** +4CI” = PdCl 42_ is

(Nearest integer)
Given : 230K =0.06V



Pd(aq)2+ +2¢ = Pd(s) E°=0.83V

PdC1,* (aq) +2¢” = Pd( s) +4Cl (aq)

E° =0.65V
[31-Jan-2023 Shift 1]

Answer: 6

Solution:

Sol. AG’=-RTtnK
—nFE "= —RT x2.303(log, K)
0

ECell _
WXn—logK. A (1)

Pd™ (ag.) +notmathcalLe = Pd(s), E catreq = 0.83

Pd(s)+4Cl (ag.) =PdCl,”", (aq)+2¢,E__ . "=0.65
Net Reaction — Pd*" (aq.) +4Cl (aq) = PdCl427 (aq.)

E cell E catred E Alode , Ocd”

E _, °=0.83-0.65

E_, =018...(2)

Also n=2...(3)
Using equation (1), (2) & (3)
logK =6

cell

Question74

Incorrect statement for the use of indicators in acid-base titration is :

[31-Jan-2023 Shift 2]

Options:

A. Methyl orange may be used for a weak acid vs weak base titration.

B. Methyl orange is a suitable indicator for a strong acid vs weak base titration

C. Phenolphthalein is a suitable indicator for a weak acid vs strong base titration

D. Phenolphthalein may be used for a strong acid vs strong base titration.

Answer: A

Solution:

Methyl orange may be used for a strong acid vs strong base and strong acid vs weak base titration. Phenolpthalein may be
used for a strong acid vs strong base and weak acid vs strong base titration.




Question75

At 298K, the solubility of silver chloride in water is 1.434 x 10 gL "". The value of
—logK 5p for silver chloride is

(Given mass of Ag is 107.9gmol ' and mass of Cl is 35.5gmol ')
[31-Jan-2023 Shift 2]

Answer: 10

Solution:

AgCl(s) — Ag’ (aq. )+ Cl (aq.)
S Cl

_q2_ ( 143
Kp=5s (143.4
*longpzlo

x 10’3)2= 1071

Question76

Consider the following reaction approaching equilibrium at 27°C and 1 atm pressure
A+B = C+D
K, =10’
The standard Gibb's energy change (A G’) at 27°C is (-) kJ mol ™’
(Nearest integer).

(Given : R=8.3JK 'mol ' andIn10=2.3)
[29-Jan-2023 Shift 1]

Answer: 6

Solution:

«AG'=-RTIhK
eq
K

and K = £
€q Kb
10° _
< g
~AG=-RTIn 10

= —(8.3x300x2.3)=-5.7kJmole = 6 kJ

molefl( nearest integer)
Ans =6




Question77

At 298K

N,(g) +3H,(g) = 2NH,(g), K, = 4 x 10°

N,(g) + 0,(g) = 2NO(g), K, = 1.6 x 10"

H,(g)+ 10,(2) = H,0(g), K, =1.0x 107"

Based on above equilibria, the equilibrium constant of the reaction,
2NH,(g) + 30,(g) = 2NO(g) + 3H,0(g)is x1073

(Nearest integer)
[29-Jan-2023 Shift 2]

Answer: 4

Solution:

N,(g)+3H,(g) = 2NH,(g), K, =4 x 10" . . . (i)
N,(2)+0,(g) = 2NO(g), K, = 1.6 x 10"*.... (ii)

1 -
Hy(@)+ 50,(2) = H,0(2), K; = 1.0 x 10 1. (i)

(i) +3x( iii) —()
5
2NH;(g)+ 50,(2) = 2NO(g) + 3H,0(g)
_kyxk’ 16x102x (1073

“ k, 4x10°

Lo 102 =4x107

k

Question78

Consider the following equation:
250,(g) + 0,(g) = 2S0,(g), AH=-190kJ

The number of factors which will increase the yield of SO, at equilibrium from the

following is

A. Increasing temperature
B. Increasing pressure

C. Adding more SO,

D. Adding more O,

E. Addition of catalyst
[30-Jan-2023 Shift 2]



Answer: 3

Solution:

The yield of SO, at equilibrium will be due to:

B. Increasing pressure
C. Adding more SO,

D. Adding more O,

Question79

For reaction: SO, (g) + %Oz(g) =80, K,=2x 10" at 27°C and 1 atm pressure.
The K for the same reaction is x10". (Nearest integer)

(Given R =0.082L atm K" mol ")
[31-Jan-2023 Shift 1]

Answer: 1

Solution:

1 —
291 5020 = O3

K, =2x 10" at 300K

SO

An,
K, =K. * (RT)
2x 10" =K_x (0.082 x300) '*

Ko=9.92x10"

K. =0.992x 10"

Ans. 1

Question80

For independent process at 300 K.
Process | AH/kImol™" | AS/JK'
A —25 —80
B —22 40
C 25 =50
D 22 20




The number of non-spontaneous process from the following is
[24-Jan-2023 Shift 1]

Answer: 2

Solution:

AG=AH-TAS
A : AG(Jmol ') =25 x 10 +80 x 300 : —ve
B : AG(Jmol ') =22 x 10° — 40 x 300 : —ve
C: AG(Imol ") =25 x 10 +300 x 50 : +ve
D : AG(Jmol ') =22 x 10° — 20 x 300 : +ve
Processes C and D are non-spontaneous.

Question81

Water decomposes at 2300K
H,0(g) — H,(g) + ;0,(2)
The percent of water decomposing at 2300K and 1 bar is (Nearest integer).

Equilibrium constant for the reaction is 2 x 10~ at 2300K
[29-Jan-2023 Shift 1]

Answer: 2

Solution:

H,0(®) = Hy(e)+ 10,(2)

Poa .
P,[1—-0a] Py - partial pr. at eq.
P, 1+%]=1 ()
1/2
o (Pu)(Po)
p
PHZO

Pll-o]
since a is negligible w.rt1soP =1and 1-a~=1

Vo -3
—=2x10

2
22 =232x 1073
q=23/2%2/3 5 7372/3

a=2x10"72 %a=2%




Question82

At 25°C, the enthalpy of the following processes are given:
H,(g) + 0,(g) — 2 OH(g) A H' =78 kJ mol’

H,(g) +1/20,(g) — H,0(g) A H’ = —242 kJ mol '
H,(g) — 2H(g) A H’ = 436 kJ mol '

1/20,(g) — O(g) A H = 249 kI mol '

What would be the value of X for the following reaction? (Nearest integer)
H,0(g) — H(g) + OH(g) A H° = X kI mol '
[1-Feb-2023 Shift 1]

Answer: 499

Solution:

2H,0(g) — 2H,(g) + O,(g) +(242x2)kImol '
H,(g)+0,(g) > 20H +78kJmol '

H,(g) — 2H +436kJ mol '

2H,0 — 2H+2OH +998 kJ mol '

H,0 — H+OH 998x 1 = +499 kymol"|

Question83
() X(@) = Y(g) +Z(®)K , =3

(i) A(g) = 2B(g) K ,=1
If the degree of dissociation and initial concentration of both the reactants X (g) and

A(g) are equal, then the ratio of the total pressure at equilibrium ( %) is equal to

2

X : 1. The value of x is (Nearest integer)
[1-Feb-2023 Shift 1]

Answer: 12

Solution:



x(g) =y(@) +z(g) k, =3
Initial moles n — -
at equilibriumn—an an an

o 2
— X

kK = (1+(X pl)
Py l1-a

T+at
012><p1
3=
2
l—a

A(g) = 2B(g) kp2 =1

Initial mole n —
at equilibrium x—on 2an p .., =p,

20 )2
kp: (11+(X p2
2 —a
T+a D2
| 4012Xp2
1-d?
S P
kpz P,
3_ P
== — &“p,:p,=12:1
1 pZ 1 2
x=12

Question84

The effect of addition of helium gas to the following reaction in equilibrium state, is :
PCI(g) = PCl,(g) + Cl,(g)

[1-Feb-2023 Shift 2]

Options:

A. the equilibrium will shift in the forward direction and more of Cl, and PCI, gases will be produced.
B. the equilibrium will go backward due to suppression of dissociation of PCl,.

C. helium will deactivate PCl, and reaction will stop.

D. addition of helium will not affect the equilibrium.

Answer: 0
Solution:

PCI(g) = PCl,(g) + CL(g)

(Case 1 : At constant P - volume will increase so reaction will shift in forward direction then answer will be A
Case 2 : At constant volume no change in active mass so reaction will not shift in any direction then answer will be D.

Question85



For a concentrated solution of a weak electrolyte ( Keq = equilibrium constant) A,B,

of concentration ' ¢ ', the degree of dissociation " a ' is
[6-Apr-2023 shift 1]

Options:

1
A K )
108¢*

oo,
—_—
EW
~——
=

6¢°
1
K 5
5¢
1
5

D. [ Xe
25¢°

Answer: A

Solution:

N 3+ 2-
A,B; (aq.) ‘—2A(aq‘) +3B(aq)

c¢(1—a) 2ca 3ca
_ [A3+]2[B2_]3 _ 4262 X 2736
eq [A,B;] c(1—a)
1
55 =
K, == 108caa=( Keq4)5
1 c 108¢c

Question86

The number of correct statement/s involving equilibria in physical from the following

is
[10-Apr-2023 shift 1]

Options:

A. Equilibrium is possible only in a closed system at a given temperature.

B. Both the opposing processes occur at the same rate.

C. When equilibrium is attained at a given temperature, the value of all its parameters
D. For dissolution of solids in liquids, the solubility is constant at a given temperature.

Answer: C

Solution:



(A) is correct

)
(B) for equilibrium r,=r, =(B) is correct
(C) at equilibrium the value of parameters become constant of a given temperature and not equal =(C) is incorrect
(D) for a given solid solute and a liquid solvent solubility depends upon temperature only = (D) is correct
Question87
The equilibrium composition for the reaction PCl, + Cl, = PCI, at 298K is given
below.
-1 -1
[PCL]. =0.2molL™" [CL] =0.1molL ',
3leq 2leq

[PCL],, =0.40mol L™’

If 0.2 mol of Cl, is added at the same temperature, the equilibrium concentrations of
PCLis__ x10°molL ™.

Given : K_ for the reaction at 298K is 20

[6-Apr-2023 shift 2]

Answer: 48

Solution:

PCl, + Cl = PCI
02M  (0.1+02)M 0.4M
Eq"-02-x 03-x 04+x
__(04+x) _

(0.2 —x)(0.3 —x)

=x = (0.086

[PCL],, =0.486M =48.6 % 10°M

5

Question88

A mixture of 1 mole of HZO and 1 mole of CO is taken in a 10 litre container and

heated to 725K. At equilibrium 40% of water by mass reacts with carbon monoxide
according to the equation : CO(g) + H,O0(g)= CO,(g) + H,(g). The equilibrium

constant K X 10 for the reaction is (Nearest integer)
[11-Apr-2023 shift 1]

Answer: 44



Solution:

CO(g) + H,0(g) = CO,(g) + H,(g)

1 mole

K =
c

1 mole

0.4x04
0.6x0.6
400

KC><]022 5 100= T=44.44:44

_4
9

O

Question89

4.5 moles each of hydrogen and iodine is heated in a sealed ten litre vessel. At
equilibrium, 3 moles of HI were found. The equilibrium constant for

H,(g) + L(g) = 2 HI(g) is

[11-Apr-2023 shift 2]

Answer: 1

Solution:

llj{g] T+ Ij|g]. = 21 ".[gp
=0 45 4.5 —
g 3 3 3

Question90

The titration curve of weak acid vs. strong base with phenolphthalein as indictor) is
shown below. The K —4x1071

phenolphthalein
Given :log2=0.3

S

v



The number of following statements/s which is/are correct about phenolphthalein is

[8-Apr-2023 shift 1]

Options:

A. It can be used as an indicator for the titration of weak acid with weak base.
B. It begins to change colour at pH = 8.4

C. It is a weak organic base

D. It is colourless in acidic medium

Answer: B

Solution:

(B) pk, = —log(4 x 10 %) = 9.4

Indicator range

:pkln:t 1

i.,e.8.4t0104

(D) In acidic medium, phenolphthalein is in unionized form and is colourless.

Question91

Given below are two statements :

Statement I : Methyl orange is a weak acid.

Statement II : The benzenoid form of methyl orange is more intense/deeply coloured
than the quinonoid form.

In the light of the above statement, choose the most appropriate answer from the
options given below:

[8-Apr-2023 shift 2]

Options:

A. Both statement I and statement II are incorrect

B. Both statement I and Statement II are correct

C. Statement I is correct but statement II is incorrect
D. Statement I is incorrect but statement II is correct

Answer: A

Solution:



i) Methy orange is weak base

Naogs@ . @

I

6Oy O

(i) So both statement are false

Question92

The solubility product of BaSO, is 1x 10" at 298K. The solubility of BaSO,
in 0.1MK,SO, (aq) solut is x10 gL' (Nearest integer)

Given: Molar mass of BaSO, is 233gmol_1
[8-Apr-2023 shift 2]

Answer: 233

Solution:

K, =x(x+0.1)=10""°
0.1x=10"""

x=10"M

x(in g/1)=233x10"°

Question93

An analyst wants to convert 1L HCI of pH =1 to a solution of HCI of pH 2. The

volume of water needed to do this dilution is mL. (Nearest integer)
[12-Apr-2023 shift 1]

Answer: 9000

Solution:

(M x V) (M, xV,)
-1 = -2



10x110xV,
V,=10L

Water added =10—-1
=9 Litre

= 9000 mL

Question94

25.0 mL of 0.050 MBa(NO,), is mixed with 25.0 mL of 0.020M NaF . K 5p of BaF, is
0.5 x 10~° at 298K. The ratio of [Ba’"][F]* and K is . (Nearest integer)

[13-Apr-2023 shift 1]

Answer: 5
Solution:
[Ba]= 2 28’05 ~ 0.025M
L 25%0.02
Fl= =0.01M
[F1] 50

[Ba™J[F *=25x10""
K, =5x10" (given)
+2 —2
Ratio = [Ba J[F I =5
K

sp

Question95
20 mL of 0.1M NaOH is added to 50 mL of 0.1M acetic acid solution. The pH of the
resulting solution is x10 2 (Nearest integer)
Given : pKa(CH; COOH) =4.76
log2 =0.30
log3 =0.48

[13-Apr-2023 shift 2]

Answer: 458

Solution:



CH;COOH + NaOH — CH3;COONa + H,O
Initially 5mmol 2mmol 0 0

after Rxn 3mmol 0 2 mmole 2 mmole

[ salt ]
[ acid ]

pH =476 + log, 3

pH =pKa+log,,

pH=4.58=458x10*

Question96

Which of the following statement(s) is/are correct?
(A) The pH of 1 x 10" °M HCI solution is 8
. - 2-
(B) The conjugate hase of H,PH, is HPO,
(O) K, increases with increase in temperature.

(D) When a solution of a weak monoprotic acid is titrated against a strong base at
half neutralisation point.

pH = 3pK,
Choose the correct answer from the options given below
[15-Apr-2023 shift 1]

Options:
A.(A), (B).(C)
B. (A), (D)
C. (B), (C)
D. (B), (C). (D)
Answer: D

Solution:

(A) pH of 10 *M HCI in acidic range (6.98).
(B) Conjugate Base of H,PO, is HPO42_

(C) K,, increases with increasing Temperature, as the temperature increases, the dissociation of water increases.
(D) At half neutralization point, half of the acid is present in the from salt.

1
pH = Pk, +log 1~ Pk,

Question97



For a reaction at equilibrium

A(g) = B(g) + 1C(g)

the relation between dissociation constant (K), degree of dissociation (o) and
equilibrium pressure (p) is given by:

[24-Jun-2022-Shift-1]

Options:

B.K =
2+0)2(1-a)

3

C.K = (op)?

(1+%(x)%(l—a)

3
D.K=— (@2 _

1
(1+a)(1-a)2

Answer: B

Solution:

Alg) = B(g) + %C(g) Total Moles
Att=0: 1 0 1

Att= treq: 1-a o 1

Mole Fraction: ¢ ( 1-a ) P(




l-a 2+a
31

1
(1-)2+a)2

Question98

PCI, dissociates as

PCl (g) = PCl,(g) + Cl,(2)

S moles of PCl, are placed in a 200 litre vessel which contains 2 moles of N, and is
maintained at 600 K. The equilibrium préssure is 2.46 atm. The equilibrium constant
Kp for the dissociation of PCl, is x107°. (nearest integer)

(Given : R = 0.082Latm 'mol '; Assume ideal gas behaviour)
[24-Jun-2022-Shift-2]

Answer: 1107

Solution:
PClsg) = PClhg) + Chig) Total Moles
S+2(ForN;gas)=7
Att=0: 5 0 0
5—x+x+x+2(ForN;gas)
Atl=t,ai 5=x x X =7+ %
L $-x - x
Mole Fraction: 5, Tex T+x
LT X '
Partial pressure : | ,,, /¥ vl L ol L

Here 2 moles of N, also present that is why 2 moles always have to add in total mole calculation.

At equilibrium,
Pressure (P) = 2.46 atm
Volume (V) =200L
Temperature (T ) = 600K
~ Applying ideal gas equation,
PV =nRT
=2.46 x 200 = (7 +x) % 0.082 x 600
=>x=3
Now,
Pp ¥ Pgy

K. = 3 2
P
PPC

15
3
3 w24
[7+3X

[ 24]
[ 5-3
7+

X 2.46 ]

W



3 3 2
= x=x(2.4
10 * 10 *(2:46)

2 2246

10
9

= 2 x2.46
20

= 1107 x 10 > atm

Question99

The standard free energy change (AG’) for 50% dissociation of N,0, into NO, at

27°C and 1 atm pressure is —xJ mol . The value of x is (Nearest Integer)

[Given : .R = 8.31JK 'mol , log 1.33 = 0.1239In 10 = 2.3
[25-Jun-2022-Shift-1]

Answer: 710

Solution:

N,O, = 2NO,
t=0 1mol
t=t (1-0.5 mol 0.5x2 mol

=0.5mol 1 mol
100

(757) 100

1
( %Xl) 0.75 5
1.5

k, =

=133
AG" = -RT {nk,

—8.31 x300 % In(1.33) =—710.45J /mol
—710J/mol

Question100

2NOCI(g) = 2NO(g) + Cl(g)

In an experiment, 2.0 moles of NOCI was placed in a one-litre flask and the
concentration of NO after equilibrium established, was found to be 0.4 mol/L. The

equilibrium constant at 30°C is x107*
[27-Jun-2022-Shift-1]



Answer: 125

Solution:

2NOCl(g) = 2NO(g) +Cly(g)

At t=0: 2 0 0

At t=teq: 2-2x 2x 0

Given that at equilibrium, concentration of NO = 0.4 mol/L
~2x=04

=x=0.2

~ Concentration of NOCI at equilibrium,
[NOCI],,=2-2%x02=1.6
and [NO]eq =04
and [Clz]eq =0.2
We know,

[N OP’[CL]
Ke= ————

[NOCI]
_ [0.4][0.2]
[1.6]7

SK . =12.5%107°
>K . =125x10"

Question101

4.0 moles of argon and 5.0 moles of PCI, are introduced into an evacuated flask of

100 litre capacity at 610K. The system is allowed to equilibrate. At equilibrium, the
total pressure of mixture was found to be 6.0 atm. The Kp for the reaction is

[Given : .R = 0.082L atm K ' mol |
[29-Jun-2022-Shift-2]

Options:
A.2.25
B. 6.24
C.12.13
D. 15.24

Answer: A

Solution:



Total Moles:
PCl(g)= PCl(g)+ Cl(g)

Att=0: 5 0 0 5+ 4(ForNe gas) =9
Att:teq: 5—-x X X 5—x+x+x+4(ForNegas)=9+x
. 5—x X X
Mole Fraction:
ole Fraction 0T x 9 x ot x
. (5—x X \P x \FP
Partial Pressure: (9+X)P (9+x) (9+x)

Here 4 moles of inert gas argon also present.
- Total moles of mixture present at equilibrium,
n,=5+x+4

=9+x

At equilibrium, total pressure (p;) = 6 atm
Volume (v) = 100L

Temperature = 610K

-~ using ideal gas equation,

P,V =n,RT

=6 x 100 = (9 +x) x 0.082 x 610

=>x=3

Now,

Inert gas always contribute to total mole and pressure calculation.

Question102

A box contains 0.90g of liquid water in equilibrium with water vapour at 27°C. The

equilibrium vapour pressure of water at 27 °C is 32.0 Torr. When the volume of the
box is increased, some of the liquid water evaporates to maintain the equilibrium
pressure. If all the liquid water evaporates, then the volume of the box must be
____litre. [nearest integer]

(Given : R=0.082L atm K 'mol ')

(Ignore the volume of the liquid water and assume water vapours behave as an ideal

gas.)
[29-Jun-2022-Shift-2]

Answer: 29

Solution:



We know, 760 Torr =1 atm

. _ 3

~32 Torr 760 atm

As all the liquid water evaporates so entire water is in gaseous state.

~ Weight of water vapour =0.9g
-~ Moles of water vapour (n) = ?—g

Pressure (P) = % atm

Temperature (T )= (27 +273)K = 300K

R =0.082L atm K 'mol '
Given water vapour act as an ideal gas, so we can apply ideal gas equation.
From ideal gas equation,

PV =nRT

32 X = Q X X
> 760 v 13 0.082 x 300
=>v=29L
Question103

Solute A associates in water. When 0.7g of solute A is dissolved in 42.0g of water, it

depresses the freezing point by 0.2°C. The percentage association of solute A in water,
is :
[Given : Molar mass of A = 93gmol_1. Molal depression constant of water is

1.86K kg mol .|
[25-Jun-2022-Shift-2]

Options:
A. 50%
B. 60%
C. 70%
D. 80%

Answer: D

Solution:

AT=ikme

_ 0.7, 1000
0.2=1x1.86x 93>< 5
i= 0.2x93x6

1.86 x 100
i=0.60
2A=A,

o

l-q ¢
)




1-0.60= 2
a=0.80

[\S}

Question104

Given below are two statements one is labelled as Assertion A and the other is
labelled as Reason R :

Assertion A : The amphoteric nature of water is explained by using Lewis acid/base
concept.

Reason R: Water acts as an acid with NH; and as a base with H,S.

In the light of the above statements choose the correct answer from the options given
below :
[25-Jun-2022-Shift-2]

Options:

A. Both A and R are true and R is the correct explanation of A.

B. Both A and R are true but R is NOT the correct explanation of A.
C. A is true but R is false.

D. A is false but R is true.

Answer: D

Solution:

The amphoteric nature of water is explained by using Bronsted-Lowry acid base concept
- +
H,0 +NH,~OH +NH,
(acid)
N _
H,0 +H,S H,0 +HS
(base)
Hence, A is false but R is true

Question105

S0 mL of 0.IMCH,; COOH is being titrated against 0.1M NaOH. When 25 mL of

NaOH has been added, the pH of the solution will be x102, (Nearest integer)
(Given : .pK (CH,; COOH) =4.76)

log2 =0.30
log3 =0.48
log5=0.69
log 7 = 0.84
log 11 = 1.04

[26-Jun-2022-Shift-1]



Answer: 476

Solution:

CH, COOH + NaOH — CH, COONa + H,0

After adding 25 ml of NaOH volume of mixture =50+25=75ml
Initially,

Number of millimole of NaOH =25 x 0.1 = 2.5 mm

Number of millimole of CH, COOH = 50 x 0.1 = 5 mm

After nutrilisation,
Millimole of NaOH = 0
Millimole of CH,COOH =5—2.5=2.5mm

Millimole of CH, COONa = 2.5

After nutrilisation,
Concentration of CH, COOH = [CH, COOH] = 2222 =
Concentration of CH, COONa = [CH, COONa] = 25_ 1

75 30
[CH, COONa]
[CH, COOH]
1
=4.76 +log %
30
=4.76 +log(1)
=476+0
=476

=4.76x102

P" =P*+ log

Question106

pH value of 0.001M NaOH solution is
[27-Jun-2022-Shift-2]

Answer: 11

Solution:

[OH ]=0.001 =10 "M
[H[OH ]=10""

[H+] — 10!

pH =—log[H']
=—log(10™'

pH=11

Question107



A student needs to prepare a buffer solution of propanoic acid and its sodium salt

. . [CH,CH,COO ]
with pH 4. The ratio of [CHL,CIL, COO].

Given : K _(CH,CH,COOH) =1.3x10"
[28-Jun-2022-Shift-2]

required to make buffer is

Options:
A.0.03
B.0.13
C.0.23
D. 0.33

Answer: B

Solution:

CH,CH, COOH = CH,CH,COO +H"
From Henderson equation
[CH,CH,CO0 ]
[CH,CH, COOH]
[CH,CH,CO0 ]
[CH,CH,COOH’]
[CH,CH,CO0 ]
[CH,CH,COOH ]
_5 [CH,CH, COOH]
[CH,CH,CO0]
5 [CH,CH,COOH’]
[CH,CH,CO0"]

pH =pK_ +log
4=-log13x 10 +log
~log 10 *=~log 1.3 x 10> +log
~log 10 *=-log 1.3 x 10

104=13%10

[CH,CH,COO ]

32 (.13
[CH,CH, COOH]

Question108

The solubility of AgCl will be maximum in which of the following?
[29-Jun-2022-Shift-1]

Options:
A.0.01IMKCl
B. 0.0IM HCI

C. 0.01MAgNO,

D. Deionised water

Answer: D



Solution:

In deionized water no common ion effect will take place so maximum solubility.

Question109

K,, K, and K, are the respective ionization constants for the following reactions
1 2 3

(a), (b) and (¢).
(a)H,C,0,2H"+HC,0,”

(b)HC,0, 2H +HC,0,”
(c)H,C,0,22H"+C,0,”"

The relationship between K 2 K a, and K a, is given as
[25-Jul-2022-Shift-2]

Options:

A.K =K +K
a4 4 4

Answer: D

Solution:

e 2-
H,C,0,=2H +C,0,> K

g -
H,C,0, = H +HC,0,” K,

HC,0, =H'+C,0,” K,

_ [HTC,0,7]
a3 [H,C,0,]

_ [HHC,0, T - [H]C,0,]
O HC0] TP [HC,0, ]
K3 =Ky XKy
Question110

At 298K, the equilibrium constant is 2 x 10" for the reaction :
Cu(s) +2Ag" (aq) = Cu’'(aq) +2 Ag(s)
The equilibrium constant for the reaction



%Cu2+(aq) +Ag(s) = 5 Cu(s) + Ag'(aq)

is x x 10, The value of x is . (Nearest Integer)
[26-Jul-2022-Shift-1]

Answer: 2
Solution:
K Lo 1L _xxi0°®
K, 12x10
1 1 8
= —X —=xx10
20 10
1 —7 8
= —x10 "=xx10
V20 )
V10
= —=15=2236
= \/5 5
~2.24
Question111

At 600K, 2 mol of NO are mixed with 1 mol of O,.
2N0(g) +0,(g) 2 2NO,(g)

The reaction occurring as above comes to equilibrium under a total pressure of
1 atm. Analysis of the system shows that 0.6 mol of oxygen are present at equilibrium.

The equilibrium constant for the reaction is (Nearest integer)
[28-Jul-2022-Shift-2]

Answer: 2

Solution:

2NO(g) +0,(g) = 2NO,(g)

at intial 2 1 0
at equilibrium2-0.8 0.6 0.8
Partial pressure of NO(g) = 1.2/2.6 x 1
Partial pressure of O,(g) = 0.6/2.6

Partial pressure of NO,(g) = 0.8/2.6
_ 2 2 _
K = (PNOZ) /(Pyo) (POZ) = 0.8x0.8%x2.6/1.2x1.2x0.6

=1.925
=2




Question112

20 mL of 0.1 MNH, OH is mixed with 40 mL of 0.05 MHCI. The pH of the mixture is

nearest to:
(Given:
K b(NH4 OH)=1x 10_5, log2 = 0.30, log3 = 0.48, log S = 0.69, log 7 = 0.84, log 11 = 1.04

)
[25-Jul-2022-Shift-1]

Options:
A.32
B.4.2
C.52
D.6.2

Answer: C

Solution:

NH, OH+HCI — NH, C1+H20

mmole 22
2 mmole 1
NH, 1= = —
[NH, ] 60 ml 30
K —pK,—logC _
ot = P p2b 0gC _ 14 5;—1.4825.24
Question113

Class XII students were asked to prepare one litre of buffer solution of pH 8.26 by
their Chemistry teacher: The amount of ammonium chloride to be dissolved by the
student in 0.2M ammonia solution to make one litre of the buffer is

(Given: pK, (NH,) =4.74

Molar mass of NH, = 17gmol '

Molar mass of NH, Cl = 53.5gm01_1 )
[26-Jul-2022-Shift-2]

Options:
A.53.5¢g
B. 72.3¢g
C. 107.0g

D. 126.0g



Answer: C

Solution:

[ salt ]

For basic Buffer, pOH = pK, + log [ Base |

[NH, CI]

pOH=14-826=5.74

5.74=4.74+1log

[NH, Cl] =2M
Moles of NH, Cl1 =2 x 1 =2 moles
Weight of NH, Cl1 =2 x53.5=107g

Question114

At 310K, the solubility of CaF, in water is 2.34 X 10_3g/ 100 mL. The solubility

product of CaF, is x10 (mol/L)’. (Give molar mass : CaF, = 78gm01_1 )
[27-Jul-2022-Shift-1]

Answer: 0

Solution:

Can\; Ca¥ +2F

s 2s
K= s2s)’

=45

Solubility (s)=2.34 x 10 °g/100mL
_2-34x10°x%10
- 78
=310 " mole/lit
2K, =4x(3x107%
=108x10 2
=0.0108 x 10 3(mole/ lit )’
x=0

mole /lit

Question115

The plot of pH-metric titration of weak base NH, OH vs strong acid HCI looks like :
[27-Jul-2022-Shift-2]
Options:

A.



O\

volume of acid

v

volume of acid

L

volume of acid

ool

0

volume of acid

Answer: A

Solution:

NH, OH is a weak base and HCl is a strong acid.

With the addition of HC1 to NH, OH, pH of solution will decrease gradually.
So, the correct graph should be

pH
T?

0 volume of acid

Question116



K, for butyric acid (C;H, COOH) is 2 x 10~°. The pH of 0.2M solution of butyric acid

is x10"". (Nearest integer)
[Given log2 = 0.30 ]
[28-Jul-2022-Shift-1]

Answer: 27

Solution:

K, of Butyric acid =2 x 10 > PKa =4.7
pH of 0.2M solution

1 1
H= —pK — =1
p 2pa 2ogC

- %(4 -7 %log(0.2)

=235+035=27
pH=27x10"

Question117

If the solubility product of PbS is 8 x 10_28, then the solubility of PbS in pure water at

298K is x x 10 =16 mol L™". The value of x is . (Nearest Integer)
[Given : V2 =1.41 ]
[29-Jul-2022-Shift-1]

Answer: 282

Solution:

a2
K, =S
s=K_ = V8 x 10 2 =27 x 1074

—282x10 1
=282 x10 '
~ Ans. 282

Question118

200 mL of 0.01 MHCl is mixed with 400 mL of 0.01MH,SO,. The pH of the mixture is



Given: log 2 = 0.30, log 3 = 0.48, log 5 = 0.70, log 7 = 0.84, log 11 = 1.04
[29-Jul-2022-Shift-2]

Options:
A.1.14
B.1.78
C.2.34
D.3.02

Answer: B

Solution:

(] = 0:01X200+2x0.01 x400
600
_ 0.01+2x0.01x2
3
_ 0.01+0.04

pH *log[H+]
= —log( 3x107)

- [10g §+log 1072]

—[log5—1log3—2]
—0.7+0.48+2
2.48-0.7

=1.78

Question119

The solubility of Ca(OH ), in water is [Given: The solubility product of Ca(OH ), in

water =5.5x10 °]
[25 Feb 2021 Shift 2]

Options:

A 1.11x107°
B.1.11x10°°
C.1.77x10*

D.1.77x10°¢

Answer: A

Solution:



Let, solubility of Ca(OH ), in pure water = Smol /L
Ca(OH), = Ca’ +20H "

Smol /L 2 x S(mol /L)

= [Ca®'][OH J* =S x (2S)* = 4S*(mol /L)

The expression of KSp can also be written as,

K =xX. yy . gXtY

sp

—1'.922.g!"2

=48’
KSP =Xx'yy'sx+y

—1'.922.g'"2

=4S’ [+ For Ca(OH),:x=1,y=2]
x and y are the coefficients of cations and anions respectively

1/3 — 1/3
S :(K_E) :( 5.5x10(’)
4 4
=1.11x 10 *mol /L

Question120

The solubility product of Pbl, is 8.0 X 10~°. The solubility of lead iodide in 0.1 molar

solution of lead nitrate is x x 10 ®mol /L. The value of X is ....... (Rounded off to the
nearest integer).

[Given, : V2 = 1.41 ]

[24 Feb 2021 Shift 2]

Answer: 141
Solution:
Given, [K Sp]l,b12 =8x10"°

To calculate solubility of Pbl , in 0.1M solution of Pb(N O
(1) Pb(N 0,), — Pb**(aq) + 2N O; (aq)
IM

Do

0.1M 0. 0.2M
(I1) Pbl ,(s) = Pb*"(aq) + 21 (aq)
S 28
~ [Pb*1=S+0.1 =0.1
s §<<0.1

Now, K _ =8x 10"

[PH[I P =8x%x10"
0.1x(2S)>=8x10""
482=8x10 8 =>S=141x10"°M
x =141

Question121



The pH of ammonium phosphate solution, if pK , of phosphoric acid and pK | of

ammonium hydroxide are 5.23 and 4.75 respectively, is .......... .
[26 Feb 2021 Shift 2]

Answer: 7

Solution:

Phosphoric acid is a weak tribasic acid (H,PO,) and NH ,OH is a weak monoacidic base. So, hydrolysis of ammonium
phosphate (N H ,),PO, can be shown as,

(NH,),PO,+3H,0 = H PO, +3NH,0H [3:1 type salt]

. K 12
So, [H']-K X( - )
a K, xK,
1

pH = pK + z[pKW—pKa—pr]

= 523+ %(14 ~523-4.75)
[“pK = 14H,0

pK , = 5.23(H ,PO,)

pK , =4.75(N H ,OH)]
=7.24 ~eq7

Question122

The solubility of AgCN in a buffer solution of pH = 3 is x. The value of x is...... .
[Assume : No cyano complex is formed; K Sp(AgCN) =2.2x10 " and

K, (HCN)=6.2x10"]
[25 Feb 2021 Shift 1]

Options:
A.0.625%10°°
B.1.6x107°
C.22x107"

D.1.9x107°

Answer: D

Solution:

pH of AgCN buffer solution =3

[H'1=10"
_ —16
K ,(AgCN)=22x 10



K HCN]=62x10"
— + -
AgCN 2 Ag +CN ... K,

CN +H"=2HCN......

AgCN +H =2 HCN +Ag’

K x L _ [Ag'][CN JHCN]

sp Ka [H+][CN7]

_ K [H+] 22x10°16 _ [SIIS]
S]= p -
. K, T 6ax10® 100
[SP— 22X107° (5

6.2x10 1

S=19x10"°
Question123

A homogeneous ideal gaseous reaction AB,(g) = A(g) +2B(g) is carried out in a 25L
flask at 27°C. The initial amount of AB, was 1 mole and the equilibrium pressure was

1.9atm. The value of K b is X X 102 The value of X iS «ovevuee..
[26 Feb 2021 Shift 1]

Answer: 73

Solution:

(£ mole ), =1-x+x+2x=(1+2x) Partial pressure ———p
eq 1+2x
X 2x
t 2 5, 22
(atm) =5%P TP

[p = Total pressure at equilibrium =1.9atm ]
Now, at equilibrium pV = (1 +2x)RT

\4 1.9x25 L
o>1+2x=RL = 2729 — 193y =25L,R=0.082Lat KT = 300K
T RT ~ 0.082x300 [ : atmmo |
= x= 18710465
2
X 2X )2
2 X
= K = Pa”Pp _, (1+2xp) (1+2xp
Pap ( 1-x )
2 1+2xp
— 4X3Xp3>< (1+2X) _ 4X3Xp2

(1+2x) (1=X)Xp  (1+2x)*x(1—x)
4 % (0.465)° x (1.9)
(1+2x0.465)" x (1 - 0.465)
=72.85% 10 ‘atm ~ eq73 x 10 *=xx 10 2
t x=73

=(0.7285atm

Question124



At 1990K and latm pressure, there are equal number of Cl, molecules and Cl atoms
in the reaction mixture. The value of K |, for the reaction Cl,(g) = 2Cl (g) under the

above conditions is x x 10", The value of x is__ (Rounded off to the nearest integer)
[24feb2021shift1]

Answer: 5

Solution:

Cl,(g) =2Cl(g)
Let mol of both of C1, and CI be x.

Pe = %Xl: %
(3)
K, 2T= %=0.5=5x10f‘.
2
Question125

For the reaction A(g) — (B)(g), the value of the equilibrium constant at 300K and
latm is equal to 100.0. The value of A G for the reaction at 300K and latm in

Jmol 'is —xR, where x is (Rounded off to the nearest integer)
(R=8.31J mol 'K 'andIn10= 2.3)
[24feb2021shiftl]

Answer: 1380

Solution:

AG® =RT InK |
= —R(300)(2) In(10)
=—R(300 x 2 x 2.3)
AG’ = —1380R

Question126



The solubility of Cd SO, in water is 8.0 x 10 *mol L™". Its solubility in 0.01M H,SO,

solution is ........ x10 °®mol L™'. (Round off to the nearest integer) (Assume that,
solubility is much less than 0.01M )
[18 Mar 2021 Shift 2]

Answer: 64

Solution:

Given, solubility in water (S)=8.0 x 10 *mol L™

In pure water

K, =S’=@8x10"=64x10"

In0.01M H, SO,

H,80,(aq) — 2H *(aq) + SO,” (aq)
0.02 0.02

CdSO,(s) = Cd*(ag) + SO, (aq)
X (x+0.01)

K, =x(x+0.01)=64x10"

x+0.01 = 0.01M

So, x(0.01)=64x10"*

X =64x10°M

Question127

The oxygen dissolved in water exerts a partial pressure of 20kPa in the vapour above
water. The molar solubility of oxygen in water is ..... x10 mold m . (Round off to
the nearest integer).

[Given, Henry's law constant (K ;) = 8.0 x 10*kPa for 0,, density of water with

dissolved oxygen = 1.0kgd m’ ]
[17 Mar 2021 Shift 1]

Answer: 25

Solution:

Given, partial pressure of O, = 20kPa

K ;(Henry's constant ) = 8 x 10*kPa
From Henry's law,

p(g) = [K 1o,

where, Yo, = solubility of oxygen

20 10° = (8 x 10* x 107y,



20
$ =
Yo, 8 x10*

Solubility =2.5x10*=25x10"

Question128

Two salts A,X and M X have the same value of solubility product of 4.0 X 102 The
S(AX) _

ratio of their molar solubilities i.e SMX) — e

(Round off to the nearest integer)
[16 Mar 2021 Shift 1]

Answer: 50

Solution:

Let the solubility of A,X be ''S".

AX(s)= 2A*(a2q) +X (aq) K o1 =4% 10"
Ko, =[ATX"]

4x10 "= (29)X(S)

4x10 =48

= S=10"°M

Let the solubility of MY be 'S, "

MY (s) =M (aq)+Y (aq), K, =4x10 "
SI S]

K, =MTY]
K, =S
4x10 %=,y

= S,=2x10 M

[AY]_s_ _10° _g
MY] S, 2x10°

Question129

0.01 moles of a weak acid HA(K , = 2.0 x 10_6) is dissolved in 1.0L of 0.1M H C1

solution. The degree of dissociation of H A is ...... x10° (Round off to the nearest
integer). [Neglect volume change on adding HA. Assume degree of dissociation <K <1

]
[17 Mar 2021 Shift 1]



Answer: 2

Solution:

Given, [HA]=10.01
[HClI]=0.1M
When strong acid ( H Cl ) is completely dissociated,

HCI — H "(aq) + Cl (aq)
0.1 0.1 0.1
For weak acid, dissociation is very less,
HA = H'@) + Aaq)
t=0 0.01 0.1 0
t=t 0.01-0.01 —a 0.1+0.0la 0.01a

eq
AT 5y 06 s (0.1+0010)(0.010)

a [HA] (0.01—0.010)
As 0.0la<<0.1 [H']=0.1
and 0.01a<<0.01 [HA]=0.01

2x10°¢

1y b (0.)0010) _ o o
221070 = Sl D= a=2x107
= x=2

Question130

Given below are two statements: One is labelled as Assertion A and the other labelled
as Reason R.
Assertion A During the boiling of water having temporary hardness, M g(H CO,), is

converted to M gCO, .
Reason R The solubility product of M g(OH ), is greater than that of M gCO,.

In the light of the above statements, choose the most appropriate answer from the
options given below
[18 Mar 2021 Shift 1]

Options:

A. Both A and R are true but R is not the correct explanation of A.
B. A is true but R is fals

C. Both A and R are true and R is the correct explanation of A.

D. A is false but R is true.

Answer: D

Solution:

During boiling, soluble M g(H CO,), is converted into insoluble
M g(OH ), and Ca(H CO,), is converted into insoluble CaCO,. This is because of high solubility product of M g(OH ), as
compared to M gCO, hence, M g(OH ), is precipitated. These precipitates can be removed by filtration. Thus, filtrate will be

obtained in soft water.
M g(H CO,), — M g(OH), | +2CO,
Temporary hardness



Ca(H CO,), — CaCO, | +CO,+2H,0
Ko of Mg(OH), > K, of M gCO,
and hence, M g(OH ), precipitation first.

Question131

The gas phase reaction
2A(8) = A,(g)
at 400K has AG® = +25.2kJ mol "' The equilibrium constant K . for this reaction is

.......... x107%. (Round off to the nearest integer).
[Use : R=8.3Jmol 'K ', In10=2.3] log, ;2 =0.30, 1atm = 1bar| [antilog

(—0.3) = 0.501 ]
[18 Mar 2021 Shift 2]

Answer: 1.66

Solution:

Given, AG =25.2kJ mol '

=25200J mol '

T =400K

According to standard free Gibb's equation,
AG’=-RT InK |

25200 =-2.3 x 8.3 x 400 log(K )

~25200
=-33
23x83x400

K,=10=10"x0.501

K ,=5.01x10 ‘bar '

K =501x10"Pa'

We know that,

K, =K ®T)"

K, =K (RT ) ! [+An,=1-2=-1]

I<C
K =
P 83400
K, =5.01x10"x8.3x400

= K_=166x 10 ’m’/mol
=1.66 x 10 *L/mol

long:

Question132

Consider the reaction, N ,0,(g) = 2N O,(g). The temperature at which K . =20.4 and
K =600.1, is ............ K. (Round off to the nearest integer). [Assume all gases are



1

ideal and R = 0.0831L bar, K 'mol '].

[17 Mar 2021 Shift 2]

Answer: 354

Solution:

The temperature at which K . =20.4 and K o= 600.1, is 354K .

Given reaction is, N ,0,(g) = 2N O,(g)

Given values are : Kp =600.1

K.=204

An, = number of moles of product - number of moles of reactant Using relation between K, andK . =2-1=1

where R is the gas constant = 0.083Latm/K mol
An_ = 1 (for given reaction)

On putting given values, we will get

600.1 =20.4(RT)"' = T ~ 354K

Question133

For the reaction, A(g) = B(g) at 495K, A, G° = —9.478kJ mol 1. If we start the
reaction in a closed container at 495K with 22 millimoles of A, the amount of B is the
equilibrium mixture is ......... millimoles (Round off to the nearest integer).

[R=8.314J mol 'K ', In10 = 2.303]
[16 Mar 2021 Shift 1]

Answer: 20

Solution:

A(g) = B(g)
Given, T =495K, ArC“’ =-9.478k]J /mol
We know,

AG’ =-2.303RT logK
[B]
[A]
where, K = equilibrium constant
-AG’
2.303RT
9.478 x 1000
2.303 x 8.314 x 495
~ logK =1
= K=10

Now, logK =

logK =

= L2l =

= |5



A(g) = B(g

Now, ¢=0 22 0
t=t 22—x X
_[B]_ _x _
[A] 22-x

So, x =20 Milimoles of B =20

Question134

In order to prepare a buffer solution of pH 5.74, sodium acetate is added to acetic
acid. If the concentration of acetic acid in the buffer is 1.0M , the concentration of
sodium acetate in the buffer is ............ M. (Round off to the nearest integer). [Given :
pK , (acetic acid =4.74]

[18 Mar 2021 Shift 1]

Answer: 10

Solution:

Given :pH =5.74

Concentration of acetic acid in buffer = 1.0M

Acetic acid and its conjugate base sodium acetate makes acidic buffer.
CH ,COOH + CH ,COON a— (Acidic buffer)

Using formula,
[ Salt ]
[ Acid ]
[CH ;COON a]
[CH ,COOH ]
[CH ;COON a]
[CH ,COOH ]
[CH ,COON a]
[CH ,COOH ]
1= log [CH ;COON a]
[CH ;COOH ]
[CH ;COON a]
[CH ,COOH ]
[CH,COONa]=[10x1]=10
Thus, the concentration of sodium acetate in buffer is 10M .

pH =pK  +log
pH =pK +agg
5.74 = 4.74 + log

5.74-4.74 =log

=10 [~[CH,COOH]=1]

Question135

Sulphurous acid (H,SO,) has K, =1.7x10 > and K = 6.4 x 10 ". The pH of
1 2

0.588M is (Round off to the nearest integer)
[16 Mar 2021 Shift 2]



Answer: 1

Solution:

For H,S0,, K a]> > Kaz
So, we mainly consider 1st ionisation
H,S0,=H'+HSO, ;K , =17x10"
t=0 0.558 0 0
t=t_ 0.558—0.558a 0.558a 0.558a

eq
_ [H'][HSO; ] _ (0.5580)(0.558a) _ 0.5580>

.~ " [H,S0,] 0.558(1 — ) -

a< < 1 for weak acid

(1-a)=~1

a=\/ K, =\/ 1710
0.558 0558

a=1.7%x10"'=0.17

[H] =0.5580=9.9x 10>

pH = —log[H ] =~10g(9.9 x 10?) [+log9.9 =~ 1]
=2-10g9.9=2-1

pH =1

a

Question136

Assuming that Ba(OH ), is completely ionised in aqueous solution under the given
conditions the concentration of H 3OJrions in 0.005M aqueous solution of Ba(OH ), at

298K is x10 "*mol L™". (Nearest integer)
[25 Jul 2021 Shift 2]

Answer: 1

Solution:

Ba(OH), — Ba'>+20H -

l

2%0.005=0.01=10">

At 298K : in aq. solution [H ;0 J[OH ]=10"

10*14

=10""
102

[H;0]=

Question137



A solution is 0.1M in Cl and 0.001M in CrO 42_.
Solid AgN O, is gradually added to it Assuming that the addition does not change in

volume and K __ (AgCl) = 1.7 x 10 '°'M % andK (AZ,Cro,) =19 10 *m*

Select correct statement from the following:
[20 Jul 2021 Shift 2]

Options:

A. AgCl precipitates first because its K - is high.

B. Ag,CrO, precipitates first as its K - is low.
C. Ag,CrO, precipitates first because the amount of Ag needed is low.

D. AgCl will precipitate first as the amount of Ag' needed to precipitate is low.

Answer: D

Solution:

(i) [Ag'Trequired to ppt AgCl (s)

Ksp=I1P=[Ag][CI ]=1.7x10 "

[Ag'1=17x10"°

(ii) [Ag"Irequired to ppt Ag,CrO,(s)
Ksp=1P=[Ag+’[CtO, *]=1.9x10 "
[Ag'1=43%x10"

[Ag Jrequired to ppt AgCl is low so AgCl will ppt 1*

Question138

The equilibrium constant for the reaction
A(s) = M (s) +50,(g)
is K p= 4. At equilibrium, the partial pressure of O, is atm. (Round off to the

nearest integer)
[27 Jul 2021 Shift 2]

Answer: 16

Solution:

o 12
kp—Po2 =4

~Po, = 16bar = 16atm




Question139

250,(g) + 0,(g) — 250,(g)
The above reaction is carried out in a vessel starting with partial pressure

Pio =250m barP, =750m bar and P, =0 bar . When the reaction is complete, the
2 2 3

total pressure in the reaction vessel is m bar. (Round off of the nearest integer).
[27 Jul 2021 Shift 2]

Answer: 875

Solution:

250, + O — 2504

Initial 250mbar 750mbar (0]
(L.R)
Final —-250mbar —125mbar 250mbar
0 625mbar 250mba

-~ Final total pressure = 625+250 = 875mbar

Question140

PCl5 = PCl3+Cl3 Kc = 1.844
3.0 moles of PCl1 . is introduced in a 1L closed reaction vessel at 380K . The number

of moles of PCl ; at equilibrium is x1073

(Round off to the Nearest Integer)
[27 Jul 2021 Shift 1]

Answer: 1400

Solution:

PClg, = PCl, +Cl,, K =1844
[PCLICI,] _ P
[PCI,] 3-x
=>x>+1.844-5532=0
| —1.844+ \(1.844) + 4 x 5,532
=>X = 3

=1.844

=1.604
= Moles of PCl ;=3 —1.604 = 1.396



Question141

Value of K p for the equilibrium reaction
N,0,+=2N Oz(g)
. (Nearest integer)

(R =0.083L. bar K 'mol ")
[22 Jul 2021 Shift 2]

at 288K is 47.9. The K . for this reaction at same temperature is

Answer: 2

Solution:

K _Kp 479
C RT 0.083 x288

Question142

250,(g) + 0,(g8) = 250,(g)

In an equilibrium mixture, the partial pressures are
P., =43kPa; P, =3530Pa andPy, =45kPa. The equilibrium constant K , =
2

3 2
x10 2. (Nearest integer)
[20 Jul 2021 Shift 1]

Answer: 172

Solution:

280,(g) + 0,(g) =2804(g)
2
050y,
P pSO2(g) 2

43 % 43 .
- 530P
4545 o008

=172.28x 10 °Pa !
= 172.28atm
= 17228 x 10 %atm




Question143

A;B, is a sparingly soluble salt of molar mass M(gmol_l) and solubility ng_l. The

5
solubility product satisfies K_ = a ( %) .

The value of a is ......... (Integer answer)
[31 Aug 2021 Shift 1]

Answer: 108

Solution:

A;B, =3A%"(aq) + 2B (aq)
3S 28
_ 2+:3rp3—2
K, =[AT][B" ]
_ 3 2 _ 5
K,,=(38)'(28)’ = 1088

AlsOS =%
m
X 5
K =108(—)
sp m

Given that, Ksp -a ( % ) 5

~a=108
Question144

The pH of a solution obtained by mixing 50 mL of 1M HCI and 30 mL of 1M NaOH is
x x 10”%. The value of X is ........ (Nearest integer)

[log 2.5 = 0.3979]
[31 Aug 2021 Shift 2]

Answer: 6021

Solution:

Milliequivalents of HCI(N,V,) = 50 x 1 = 50

Milliequivalents of NaOH(N, V,) = 30 x 1 =30

Since, NV, >N, N,

and they neutralise each other

[H+] — Nava B Nbe

Va + vb

_50-30

80

=0.25=25x%x10"



pH =—log[H'] = —log(2.5x 10 ")
=1-0.3979 = 0.6021

pH x 10* = 0.6021 x 10* = 6021

~ X =6021

Question145

The number of moles of NH;, that must be added to 2L of 0.80MAgNQO, in order to
reduce the concentration of Ag+ ions t0 5.0 x 10 °M (K

[Ag(NH3)2]+ =1.0 x 108) | T (Nearestinteger)
[Assume no volume change on adding NH,]
[27 Aug 2021 Shift 1]

formation for

Answer: 4

Solution:

Let moles added = a
Ag' +2NH, = Ag(NH,),"

Question146

The number of moles of NH, that must be added to 2L of 0.80MAgNO, in order to
reduce the concentration of Ag+ ions to 5.0 x 10 °M (K

[Ag(NH3)2]+ =1.0 108) | T (Nearestinteger)
[Assume no volume change on adding NH,]
[27 Aug 2021 Shift 1]

formation for

Answer: 4



Solution:

Let moles added = a
Ag' +2NH, = Ag(NH,),"

0.8

Question147

The equilibrium constant K _at 298K for the reaction A+B = C+ D is 100 . Starting
with an equimolar solution with concentrations of A, B, C and D all equal to 1M, the

equilibrium concentration of D is ........... x10"°M. (Nearestinteger)
[26 Aug 2021 Shift 2]

Answer: 182

Solution:

A+B=C+D
Initially,
At equilibrium, 1- x, 1- x, 1+ x, 1+ x

= 1.818=181.8x102=181.8x10 >
=182x 10 *M

Question148



When 5.1g of solid NH,, HS is introduced into a two litre evacuated flask at
27°C, 20% of the solid decomposes into gaseous ammonia and hydrogen sulphide.
The Kp for the reaction at 27°C is x x 10”2 The value of X iS «.......... (Integer answer)

[Given, R = 0.082L atm K ' mol |
[27 Aug 2021 Shift 2]

Answer: 6

Solution:

51g of NH, HS = 1 mol
5.1g of NH, HS = 1y 5.1=0.1mol

51
NH, HS(s) = NH,(g) + H,S(2)

Att=0, 0.1

Att=t, 0.1(1-a)  O0.la  O.la

It is given that dissociation is 20% from 100 moles.
~ 20 moles get dissociated.

20% dissociation from 1 mol % = 0.2 moles get dissociated.

a=0.2
NH,][H,S] [NH,][H,S
K= (NI ]01,5] _ INFE, L, (Concentration of solid is assumed as 1)
[NH, HS] 1
[NH.] = Number ofmole{s of NH,(g) _0.la
3 Volume(in L) 2
Number of molesof H,S (. 1¢
[H,S]= - =20
2 Volume(in L) 2
- 0.la _0.1x0.2,0.1x0.2 _ -4
Ko =0.1a2 x 7 T XT3 =10

~K_ =K. (RT)*"
p C
[An =change in the number of gaseous moles = 2]
K = 10* % (0.08 x 300
K, = 10* % (24)* = 0.06

xx 1072=0.06
=x=20_906x10°=6
10

X = 6 is the answer.

Question149

The molar solubility of Zn(OH), in 0.1M NaOH solution is x x 10 "®M. The value of x
iS ceeeennns (Nearest integer)

(Given; The solubility product of Zn(OH), is 2 x 10~>").

[1 Sep 2021 Shift 2]



Answer: 2

Solution:

Zn(OH), = zn*" +20H"
S 28

Due to common-ion effect (presence of NaOH) the concentration of OH will be (2S + 0.1) = 0.1
(+~0.1>>298)
-~ Solubility of product,
K,=(0.1)°xs
2x10=0.01x8
—20
2x10 —ox108

S =
= 0.01

aX=2
Hence, answer is 2.

Question150

In the figure shown below reactant A (represented by square) is in equilibrium with
product B (represented by circle). The equilibrium constant is:

[:] Y~ CI
Yy Y.

O

o-p ©

L] O

O 10 O
[Jan. 09, 2020 (I1)]
Options:
A. 4
B. 8
C. 1
D.2
Answer: D
Solution:

Equilibrium constant
KC = E = ﬂ = 2
[A] 6

Question151

For the following Assertion and Reason, the correct option is:
Assertion: The pH of water increases with increase in temperature.



Reason: The dissociation of water into H and OH ~ is an exothermic reaction.
[Jan.08,2020(11)]

Options:

A. Both assertion and reason are true, and the reason is the correct explanation for the assertion.

B. Both assertion and reason are false.

C. Both assertion and reason are true, but the reason is not the correct explanation for the assertion.
D. Assertion is not true, but reason is true.

Answer: B

Solution:

Temperature plays a significant role on pH measurements. As the temperature rises, molecular vibrations increase which
results in greater ability of water to ionise and form more hydrogen ions.

As a result, the pH will drop. So assertion is incorrect. The dissociation of water molecules into ions is bond breaking and is
therefore an endothermic process (energy must be absorbed to break the bonds). So reason is also incorrect.

Question152

Two solutions, A and B, each of 100L. was made by dissolving 4g of N aOH and 9.8¢g
of H,SO, in water, respectively. The pH of the resultant solution obtained from

mixing 40L of solution A and 10L of solution. B is .
[NV, Jan. 07, 2020 (I)]

Answer: 10.60

Solution:
9.8 -3
M = =10°M
H,80, 98 x100 0
1 _103M

After neutralisation [OH ] can be calculated as
(OH] — (40> 10— (2% 10 x 10)

50
=20,

50
[OH] = %x10*3

10°

pOH =3.397
pH = 14-pOH
= 14-3.397=10.603

Question153



3g of acetic acid is added to 250mL of 0.1M H Cl and the solution made up to S00mL.
To 20mL of this solution % mL of SM N aOH is added. The pH of the solution is

[Given: pKa of acetic acid = 4.75, molar mass of acetic
acid = 60g/mol, log3 =0.4771]

Neglect any changes in volume.

[NV, Jan. 07, 2020 (IT)]

Answer: 5.22

Solution:

Mass
Molar mass

3gCH ,COOH = 2.0.5mol = Sommol

No. of moles =

No. of millimoles = Molarity x Volume in mL
250mL of 0.1IM H Cl =250 x 0.1 = 25mmol
500mL solution = 50mmol CH ;COOH

20mL solution = 2320 = 2mmol CH ,COOH

500mL solution contains = 25mmol H Cl

20mL solution contains = % %20 = 1mmol HCI

%mL of SMN aOH = % % 5 =2.5mmol N aOH

HCl +NaOH — NaCl +H,0
1 25 1

Remaining NaOH =2.5-1 = 1.5mmol
CH,COOH + NaOH (remaining) — CHyCOONa + Water
2 1.5 0 M

-

0.5 0 1.5

1.5
pH =pK, +log ﬁ:4.74+10g3

=4.74+0.48=5.22

Question154

The K p for the following dissociation is 1.6 X 107 PbCl ,(8) = Pb2+(aq) +2Cl1 (aq)

Which of the following choices is correct for a mixture of
300 mL 0.134 M Pb(NO,), and 100 mL 0.4 MNaCl?

[Jan. 09, 2020 ()]

3)2

Options:
A. Not enough data provided

B.Q<K,



C.Q>K_

D.Q=K_

Answer: C

Solution:

PbCl, = Pb”"(aq) +2Cl (aq)

Given; K  =1.6x10"

300 x 0.134

400

100 % 0.4 _
400

Q =[Pb*"][C1 T* =0.1005 x (0.1)*

=1.005% 10"

Q>K,,

[Pb*] = =0.1005

[Cl]= 0.1

Question155

The solubility product of Cr(OH ), at 298K is 6.0 x 107",
The concentration of hydroxide ions in a saturated solution of Cr(OH ), will be:
[Jan. 09,2020 (I1)]

Options:
A.(222x10°H4
B. (18 x 1014
C.(18x 107°H)!"2
D. (4.86 x 10" %)'/*
Answer: B

Solution:

Cr(OH), — Cr+30H"

_ 3
Ksp—s.(3s)

1/4

:6x10’31=27.s4;s=( ixlo’“)

_ 6 _31 1/4
OH ]=3s=3 (— 10 )
[OH J=3s=3x (

— (18 % 10314M

Question156



The stoichiometry and solubility product of a salt with the solubility curve given
below is, respectively:

[Y 'mM

\ JmM
[Jan. 08,2020 (I)]

Options:

A X,Y,2x10°M°
B.XY,,4x10 °M°
C.XY, 1x10°M°
D.XY,2x10 °M>

Answer: B

Solution:

From the given curve,
if [X]=1mM then [Y ]=2mM
- Saltis XY,

K, = [XIYP=0107)2x107°} =4x10"M°

Question157

For the reaction
Fe,N(s)+ %H ,(8) = 2F e(s) + N H ;(2)
[Sep. 06,2020(1)]
Options:
A.K =K (RT)
-1

B.K_=K (RT) 2
p

1
C.K_ =K (RT)?
p



3
D.K_=K (RT)?
p

Answer: C

Solution:

A - _
K, =K (RT) =K (RT) =K [RT) "
=K, =K (RT)"?
p

Question158

The value of K ¢ is 64 at 800K for the reaction N ,(g) +3H ,(g) = 2N H ,(g).
The value of K _ for the following reaction is:

NH,(g) = iN,(2+ iH,(2)
[Sep. 06, 2020 (IT)]

Options:
A.1/64
B. 8
C.1/4

D.1/8

Answer: D

Solution:

N, (g)+3H )(g) = 2N H(g); K |

N o1
ZNH,(g) = Ny(@) +3H,(e):

C

For
NH () = iN,(g)+ 2H(g); ——
3 2 2 2 2 ’ K1/2

C

11
KI/Z (64)1/2

C

1
8

Question159

For a reaction X +Y =27, 1.0mol of X, 1.5mol of Y and 0.5 mol of Z were taken
in a 1 L vessel and allowed to react. At equilibrium, the concentration of Z was

1.0mol L.
The equilibrium constant of the reaction is .. The value of x is

15°
[NV, Sep. 05, 2020 (IT)]




Answer: 16

Question160

For the equilibrium A = B, the variation of the rate of the forward (a) and reverse
(b) reaction with time is given by:
[Sep. 04,2020(1)]

Options:

A.

Rate of rcaction

a
] equilibrium
/’_
>

= Timc

B.
E a
2
-
= equilibrium
s
3 b
>
—* lune
C.
g a
o
i _—
= ¢quilibrium
]
= b




o

I equilibrium

Rate of reaction

4

— Time
Answer: B

Solution:

At equilibrium, rate of forward reaction = Rate of backward reaction.

Question161

If the equilibrium constant for A= B+ Cis K eq(l) and thatof B+C=Pis K q(z), the
equilibrium constant for A = P is:

[Sep. 04,2020(11)]

Options:

AK D @
eq eq

B.K_ _?-k_"
eq eq

M @
C.K VK,

Dk Pg @
(S €

q q

Answer: D

Solution:

A=B+CGK D)

B+C=P;K, .. (i)

On adding equations (i) and (ii), we get
A=P

K ( overall )=K .K @

Question162

The variation of equilibrium constant with temperature is given below:
Temperature Equilibrium Constant



T,=25C K, =10
T,=100°C K, =100
The values of AH", AG” at T, and AG’ at T , (in kj mol 1) respectively, are close to

[ use R =8.314J K 'mol ']
[Sep. 06, 2020 (T1)]

Options:

A.28.4,—7.14 and —5.71
B. 0.64,-7.14 and —5.71
C.28.4,-5.71 and —14.29
D. 0.64,—-5.71 and —14.29

Answer: C

Solution:

AG'=-RT InK,T,=25C,K =10

AG’ at T =-8314x298 x2.303 x log 10 =—5.71kJ /mol
AG" at T, =-8314x298 x 373 x 2.303 x log(100)
=—14.29kJ /mol

AG'=AH'-T AS’

=-5.71 = AH"—298(AS")

=>-14.29 = AH° —373(AS")

AH° =28.4k] /mol

Question163

Consider the following reaction:
N,O0,(g) = 2N 0,(g); AH " = +58kJ

For each of the following cases ((i), (ii)), the direction in which the equilibrium shifts
is:

(i) Temperature is decreases

(ii) Pressure is increased by adding N , at constant T .

[Sep .05,2020(1)]

Options:

A. (1) towards product, (ii) towards product
B. (1) towards reactant, (ii) towards product
C. (1) towards reactant, (ii) no change

D. (i) towards product, (ii) no change



Answer: C

Solution:

(i) As reaction is endothermic (AH z = + ve) so on decrease in temperature equilibrium will shift towards reactant side.
(i) On increase in pressure by adding inert gas (N ,) at same temperature, no shifting will take place. The equilibrium

changes only if the added gas is a reactant or product involved in the reaction.

Question164

Arrange the following solutions in the decreasing order of pOH:
(A) 0.01IMHCI

(B) 0.01M N aOH

(©) 0.01M CH ;,COON a

(D) 0.01IM N aCl
[Sep. 06, 2020 (T1)]

Options:
A.(A)>(C)>(D)>(B)
B.(A)>(D)>(C)>(B)
C.(B)>(C)>(D)>(A)
D.(B)>(D)>(C)>(A)
Answer: B

Solution:

0.0IMHCl
[H"1=10% pH =—log10 >=2
pOH =14-2=12

(B) 0.01M N aOH

[OH ]=102 pOH =—log[OH]=2
(C) 0.01M CH ,COON a

pH =7+ %[pKa+log0.01]

pH >7= pOH <7

(D) 0.0IMNaCl, pH =7,pOH =7
Decreasing order of pOH value is,
(A)>D)>(©)>(®B)

Question165

A soft drink was bottled with a partial pressure of CO, of 3 bar over the liquid at
room temperature. The partial pressure of CO, over the solution approaches a value

of 30 bar when 44g of CO, is dissolved in 1kg of water at room temperature. The



approximate pH of the soft drink is x10~".
(First dissociation constant of H ,CO, = 4.0 X 10_7; log2 = 0.3; density of the soft

drink =1gmL™")
[NV, Sep. 05, 2020(1)]

Answer: 7

Solution:

CO: i H;IO '—)HJCOS
30bar  ......... | mol'L
3 bar P R T U

H,CO3 ==H" +HCO,

(=0 0.1 0 0

at Equb. 0.1(1-a) Ol g q
2
40x107 = 210
l1-a

=>(1-a)=1
?=4x10 "> a=2x10"
=[H]=2x10"*M

pH =4xlog2=3.7=37x10"

Question166

100mL of 0.1M H Cl1 is taken in a beaker and to it 100mL of 0.1M N aOH is added in
steps of 2mL and the pH is continuously measured. Which of the following graphs

correctly depicts the change in pH?
[Sep. 03, 2020 (IT)]

Options:

Yol of NaOH
—



Pli 1

Vol. ol NaOH
—

pll 7 peeecees

Vol ol NaOH
—>

Vol. of NaOH
—

Answer: C

Solution:

At equivalence point pH is 7 and pH increases with addition of NaOH so correct graph is (c).

Question167

If the solubility product of AB, is 3.20 x 10°"'mM 3, then the solubility of AB, in pure

water is x10 *mol L™\,
[Assuming that neither kind of ion reacts with water]
[NV, Sep.06, 2020 (II)]

Answer: 2

Solution:



AB,=A%(ag)+ 2B
2s (aq)
K, =4s’=32x10"
=7 =8x10 "2
=5=2x10"

Question168

An acidic buffer is obtained on mixing :
[Sep. 03,2020 ()]

Options:

A. 100mL of 0.1M CH 3COOH and 100mL of 0.1M N aOH

B. 100mL of 0.1M H CI and 200mL of 0.1M N aCl

C. 100mL of 0.1IM CH 3COOH and 200mL of 0.1M N aOH
D. 100mL of 0.1IM H Cl and 200mL of 0.1M CH 3COON a

Answer: D

Solution:

HCl+CH,COONa —— CH,COOH + Na(Cl
Millimoles 10 B 1 0 0
at start
Millimoles ) 10 10 10
aller
reaction

Buffer solution contains CH ;COON a( 10 millimole ) and CH ;,COOH ( 10 millimole) which is a acidic buffer.

Question169

For the following Assertion and Reason, the correct option is
Assertion (A): When Cu (II) and sulphide ions are mixed, they react together
extremely quickly to give a solid.

Reason (R): The equilibrium constant of Cu2+(aq) +8%” (aq) =CuS(s) is high because
the solubility product is low.
[Sep. 02,2020(1)]

Options:
A. (A) is false and (R) is true
B. Both (A) and (R) are false

C. Both (A) and (R) are true but (R) is not the explanation for (A)



D. Both (A) and (R) are true and (R) is the explanation for (A)

Answer: C

Solution:

cu® ions get precipitated every quickely due to low KSp value even at very low concentration of S*” ion.
CuS(s) = Cu* +8*
K, =[Cu*"][s]

Cu* +S% 2 CuS(s)
1 1

eq [Ca 8% ] Ksp
Due to high value of K eq CusS precipitated easily.

Question170

For the equilibrium
2H,0+=H 3O+ + OH ~; the value of AG” at 298K is approximately:
[Jan. 11, 2019 (IT)]

Options:
A. 100kJ mol '

B. —80kJ mol !

C. 80kJ mol

D. —100kJ mol !

Answer: C

Solution:

AG=AG’+RT InQ
At equilibrium; AG=0and Q = Keq

= AG"=-2.303RT logK

=-2.303 x 8.314 x 298 x log 1071
=79.9kJ /mol = 80kJ /mol

Question171

Which amongst the following is the strongest acid?
[Jan. 9,2019 (D)]

Options:

A.CHBr,



B.CHI,
C.CH(CN),
D. CHCI,

Answer: C

Solution:

Due to the resonance stabilisation of the conjugate base, CH (CN ), is the strongest acid amongst the given compounds.
CH(CN), = H +C(CN),

W\
NC N
N Ly SN f’l
JO=C=N — ’:'(.'—L'—h'
.-"I - C g
NC N7
'_f'_-]
T'NL._.H' \l;
C C
s S N,
— -ﬂfl' C=N ¢&——> C (C=N

2 g
& \

The conjugate bases of CH Br, and CH 1, are stabilised by inductive effect of halogens. This is why, they are less stable.
Also, the conjugate base of CH Cl , involves backbonding between 2p and 3p orbitals.

Question172

IfK , of Ag,CO, is 8 x 10_12, the molar solubility of Ag,CO, in 0.1M AgN O, is:
[Jan. 12,2019(11)]

Options:

A.8x10 "M

B.8x10 ''M

C.8x10''M

D.8x10 "M

Answer: C

Solution:

As AgN O, dissociates completely,
therefore in 0.1M AgN O, solution, [Ag'] = 0.1M
AgNO, — Ag+tNO
0.1"
Ag,CO Ag +CO;

N
3 0.1+2ss



K, =[Ag'TICO;. ]

8x10 2 =(0.1+2s)’xs
0.01s=8x 10 "% (0.1 +2s % 0.1)
s=8x10"'"'M

Question173

20mL of 0.IM H ,SO, solution is added to 30mL of 0.2 MN H ,OH solution. The pH

of the resultant mixture is:
[pK, of NH ,OH =4.7]

[Jan. 9,2019 ()]
Options:

A.52

B.9.0

C.5.0

D.94

Answer: B

Solution:

m-molofH2SO4=20><().l=2
m . mol ofNH4OH =30x02=6

H,S0,+ 2NH,OH - (NH,), SO, + 2H.0
Iminal 2 m mol 6 m mol ]

Final (2-2) (h-2=2) 2 m mol

[NH,OH], =2mmol
[(NH,),SO,] =2m mol
[NH,]=2x2=4mmol

Total Volume =30+20=50mL

Salt ]
Base

pOH :prJrlog[

4/50
2/50
=4.7+log2=>5
pH =14-pOH
pH =14-5=9

=4.7+log

Question174

A mixture of 100m mol of Ca(OH ), and 2g of sodium sulphate was dissolved in water

and the volume was made up to 100mL. The mass of calcium sulphate formed and



the concentration of OH " in resulting solution, respectively, are: (Molar mass of
Ca(OH),, N a,SO, and CaSO, are 74,143 and 136gmol _1, respectively; K - of

Ca(OH), is 5.5x10™°)
[Jan. 10,2019(1)]

Options:

A. 1.9¢,0.28mol L™
B. 13.6g, 0.28mol L™
C.1.9g, 0.14mol L™

D. 13.6g, 0.14mol L™

Answer: A

Solution:

Na,SO,+Ca(OH ), — CaSO, + 2N aOH

_ 2x1000
m mol of Na,SO, = 3

m mol of CaSO, formed = 13.98m mol

Mass of CaSO, formed = 13.98 x 103 %136= 1.90¢g

mmol of NaOH =28m mol = 0.028 mol
Ca(OH), = Ca**+ 20H "

S 2s+0.028
Value of ' S ' will be negligible so

_ 0.028 mol _ -1
[OH] 1L 0.28 molL

=13.98m mol

Question175

Two solids dissociate as follows
A(s) — B(g) + C(g); K , = xatm’
1

D(s) — C(g) +E (2); K , =yatm’

The total pressure when both the solids dissociate simultaneously is:
[Jan. 12, 2019 (I)]

Options:

A. \/m atm
B. 2(\/@) atm
C. (x+y)atm

D. x>+ y2 atm

Answer: B



Solution:

A(s) = B(g) + C(2)

P, P +P,

K, =Py xPe

P,(P,+P)=x

K, =PcxPg

(P, +P)P, =y ..(il)

Adding (i) and (ii)
~P(P,+P,)+P,(P,+P)=x+y
P>+PP,+P,P +P =x+y
P>+P, +2P P, =x+y
S&P,+P) =x+y
:P1+P2=\/m

= Total pressure (P)=P.+Py+P
(P,+P,)+P, +P,=2(P,+P)

T =2(W)

Question176

K
In a chemical reaction, A +2B=2C + D, the initial concentration of B was 1.5 times of
the concentration of A, but the equilibrium concentrations of A and B were found to

be equal. The equilibrium constant (K)) for the aforesaid chemical reaction is:
[Jan. 12,2019 ()]

Options:
A4

B. 16

1
C. 2

D.1

Answer: A

Solution:

Given,3—-2x=2—-x
=>x=1
~[C]1=2,[D]=1,[A]=1,[B]=1

2
K:{ZXI}:4
¢ 12x1




Question177

Consider the reaction
N,(g) +3H,(g) = 2N H ,(g)

The equilibrium constant of the above reaction is K p.If pure ammonia is left to

dissociate, the partial pressure of ammonia at equilibrium is given by (Assume that

PNH3< <P, ., atequilibrium)

[Jan. 11, 2019 (I)]

Options:
33/2K 1 /2P2

P
A. 16

1/2p2
g KeP
© 16

1/2p2
c KeP
S

3/2 1/2p2
p. 3K,
' 4

Answer: A

Solution:

INH (g) = N(g) +3H,(2),K = KL

PNII} l-)Nz l-)1[2 P

1 P(Puy) 0
< o

P (v

=Py P) =Py +Py +Pyy

N PNerPHz(':P

K =

NH3<PT)

Now, Partial f,= L—I‘P; Partial pressure ofH2 = %P

()

|

Fromeq (i), — =

Kro (P’

2 2
(PNHs) - E.P_3.33- (PNHs) = P_4.33
K, 4 477 K, 4*

p p* 1/2
(PNHS)Z:KP 7 3’ Py, = [KP 7 33]
. 332, p2 KPI/Z
NH, 16
Question178

The values of K p/ K, for the following reactions at 300K are, respectively: (At
300K, RT =24.62dm’ atm mol ')



N,(8) +0,(g) = 2N O(g)
N,0,(g) = 2N 0,(g)
N,(8)+3H ,(g) = 2N H 5(g)
[Jan. 10, 2019 ()]

Options:

A. 1,24.62dm’ atmmol ",
606.0dm°atm’mol

B. 1,24.62d m’ atmmol ',
1.65 % 10 >dm ®atm “mol*

C.1,4.1 %10 *dm >atm ' mol,
606dm6atmzmol2

D. 24.62dm’ atm mol
606.0dm®atm*mol
1.65 x 10 >dm %atm 2mol?

Answer: B

Solution:

_ A'g
K, =K (RT)

K ny
An, = No. of gaseous moles of products - No. of gaseous moles of reactants EE =(RT )A ‘
Cc

N ,(g) +O,(g) = 2N O(g), Ang =0
Ko _ 3 ~1,0 _
EE =(24.62d m atmmol ) =1

C

N,0,(g) = 2N O,(g), Ang =1

—P =24.62d m*atmmol !

7~

o

N ,(g)+3H ,(g) = 2N H ,(g), Ang =-2

= (24.62d m*atmmol ') 2

WLW

C

_ |
(24.62d m*atmmol ')
=1.65x 10 °dm ‘atm “mol >

Question179

5.1 gN H SH is introduced in 3.0L evacuated flask at 327°C, 30% of the solid
NH ,SH decomposed to N H ; and H ,S as gases. The Kp of the reaction at 327°C is

(R = 0.082L atm mol 'K !, molar mass of S = 32gmol _', molar mass of N =
14gmol _1)



[Jan. 10, 2019 (IT)]

Options:

A.0.242 x 10 *atm’
B. 1 x 10 *atm’
C.4.9x 10 atm®

D. 0.242atm’

Answer: D

Solution:

Concerned reaction:
NH,SH — NH ,(g)+H,S(g)

Initial moles = % = 0.1mol

Moles at equillibrium
N H4SH — NH 3(g) +H 2S(g)

0.1(1-0.3) 0.1x0.3 0.1x0.3

.-.KC:[NH3][HQS]:( 0‘3&)2:10’4

_ An
K, =K (RT)"g
=10"* % (0.082 x 600)* = 0.242atm’

Question180

Consider the following reversible chemical reactions:
A, (g) + B,(g)2AB(g)...... (1)

6AB(g):3A2(g) + 3B2(g).... .(2)
The relation between K 1 and K 5 is:
[Jan. 9,2019(11)]

Options:

AKK,=

W=

D.K 1K2 =3
Answer: C

Solution:



Given:
K

1
A, +B,=2AB
= 2AB=A,+B,;K = -1
K
1
K, 1 3
6AB—3A,+3B; K ,= ( K_I)
The relation between K , and K, is K, =K , >

Question181

The INCORRECT match in the following is:
[April 12, 2019 (ID)]

Options:

A.AG’<0,K > 1
B.AG’=0,K =1
C.AG’>0,K <1

D.AG’<0,K <1
Answer: D

Solution:

AG’=-RT InK

~IfK >1then AG°<0
IfK <1then AG">0
IfK =1then AG'=0

Question182

In which one of the following equilibria, K p #FK_ ?
[April 12, 2019 (I)]

Options:

A. 2C(s) +0,(g) = 2CO(g)
B.2HI(g) = H (g) +1,(g)
C. N O,(g) +S0,(g) = N O(g) + SO,(g)

D. 2N O(g) = N () + O,(g)

Answer: A



Solution:

We know that, K ,— K. (RT )Ang
«If An #0then K #K
Now, 2C(s) + O,(g) = 2CO(g)
An =+1

g
=K =K (RT)'

p C

Hence, Kp #K,

Question183

For the following reactions, equilibrium constants are given:
S(s) + 0,(g) = SO,(g); K , =10
25(s) +30,(g) = 280,(g); K, = 10'%

The equilibrium constant for the reaction,
250,(g) + 0,(g) = 2S04(g) is:

[April 8, 2019 (ID)]
Options:

A. 1074

B. 10"

C.10%

D. 10”7

Answer: C

Solution:

Given, S+0, = S0,... (I); K, =10
28+30, =280, ... (i) K,= 10"
280,+0, =280, ... (ii)); K =?

To get equation (iii) follow (ii) —2 (i),
28+30,— 280, K =10""
-(28+20, — 250, K =10'%)

0, —280,-280, K =10”

or 280, +0, — 2S0,K = 10”

Question184

For the reaction,
250,(g) + 0,(g) = 2S04(g)



AH =-57.2kJmol ' and K =1.7x10"°

Which of the following statement is INCORRECT?
[April 10, 2019 (IT)]

Options:

A. The equilibrium constant is large suggestive of reaction going to completion and so no catalyst is
required.

B. The equilibrium will shift in forward direction as the pressure increases.
C. The equilibrium constant decreases as the temperature increases.
D. The addition of inert gas at constant volume will not affect the equilibrium constant.

Answer: A

Solution:

Equilibrium constant has no relation with catalyst. Catalyst only affects the rate of the reaction. Catalyst, V ,O, in the given
reaction, is used to speed up the reaction.

Question185

Consider the following statements
(a) The pH of a mixture containing 400mL of 0.1M H ,SO, and 400mL of

0.IM N aOH will be approximately 1.3.
(b) Ionic product of water is temperature dependent.

(c) A monobasic acid with K — 10" has a pH =S5. The degree of dissociation of this

acid is 50%.

(d) The Le Chatelier's principle is not applicable to common-ion effect.
The correct statements are :

[April 10, 2019 (I)]

Options:
A. (a), (b), and (d)
B. (a), (b) and (c)
C. (b) and (c)

D. (a) and (b)
Answer: B

Solution:



H,SO, + NaOH —» NaHSO, + H,0

Imtial mol 0.04 0.04 0 ]
mol at eqgm. 0 0 0.04 0.04
NaHSO, —Na +H +50,”
0.04
H' = ===0.05M;pH = 1.
[H1= 550 ~0-05M:p 3

(b) lonic product of water increases with increase in temperature because ionisation of water is endothermic.
(©) HA —— H'+A"

Initnal C 0 (]
Ategm.  C(l - a) Ca Ca
Given pH =5 = —logH ) =5
“[H7=107
As we know,

B Caz_ s Cd®> _ Ca-a
A e (1-0a)

,5_ —5 o . _ l 00
10 " =10 l—a’a 2|.e.,50/
Question186

In an acid base titration, 0.1M H C1 solution was added to the N aOH solution of
unknown strength. Which of the following correctly shows the change of pH of the
titration mixture in this experiment?

AT

V (mL) VimL)
IA) (B)
pH k pH L
»
V(mL) VimL)
[April 9,2019 (IT)]
Options:
A. (B)
B.(A)
C. (O
D. (D)
Answer: B

Solution:



Graph A and B, both represents the titration curve between strong acid and strong base, i.e., HCI and N aOH but, the pH
of NaOH is more than 7 and during the titration it decreases, so graph (A) is correct.

Question187

What is the molar solubility of Al (OH ), in 0.2M N aOH solution ?

Given that, solubility product of Al(OH), = 2.4 x 10 **:
[April 12, 2019 (D)]

Options:
A.3x10 "
B.12x 10 %
C.3x10 %

D.12x10 3

Answer: C

Solution:

Let the solubility of A1(OH ), in 0.2M N aOH solution be s.

Then,

Al(OH), = AP’* +30H ~
s 3s

and NaOH =Na TOH~
0.2M 0.2M 0.2M

[Al*"]=sand [OH ]=3s+02=0.2
K, =24x10* =[AI"J[OH ]’
2.4%x 10 =500.2)°

(= 24x10*

—=3x 10 **mol /L
8x10

Question188

The molar solubility of Cd (OH ), is 1.84 x 10°M in water. The expected solubility of
Cd (OH), in a buffer solution pH =12 is:
[April 12, 2019 (IT)]

Options:
A.1.84x10°M

2.49 -9
B. 157 x10°M

C.623x10 "M



D.2.49x10 "M

Answer: D

Solution:

Cd(OH), = Cd*"+20H ~
s 2s

At equilibrium, K o = 5(25)2 — 48>
=>K . 4x(1.84x 10—5)-3

Solubility in buffer solution having pH = 12
[OH ]=10"

Cd(OH), = Cd*"+20H

25 +10 2~ 102

~K - =4 x (184 X 1075)3 — S’(10*2)2

' 249x10°7

T =249 101
10

=S

Question189

The pH of a 0.02M N H ,Cl solution will be [given K, (NH ,OH) = 10 and

log2 =0.301]
[April 10, 2019 (I)]

Options:
A.2.65
B.4.35
C.4.65
D.5.35

Answer: D

Solution:

1 1
H=7- -pK, — =1
p 7 2pb 2ogC

—7- %— %(logz x1072)=535
pH =535

Question190

If solubility product of Z r,(PO,),
denoted by S, then which of the following relation between S and K p is correct?
[April 8, 2019 (I)]

is denoted by K sp and its molar solubility is



Options:

Answer: B

Solution:

Zr,(PO,), =3z + 350,
3S 4S

K, =[2"7[Po, 1 =38y’ ¢4s)*
K, =69128

K 1/7
5= o)
Question191

At a certain temperature in a SL vessel, 2 moles of carbon monoxide and 3 moles of
chlorine were allowed to reach equilibrium according to the reaction,
CO + (1, = COCl , At equilibrium, if one mole of CO is present then equilibrium

constant (K ) for the reaction is:
[Online April 15, 2018 (II)]

Options:
A.25
B. 4
C.2
D.3

Answer: A

Solution:

Initially 2 moles of CO are present.

At equilibrium, 1 mole of CO is present

Hence, 2 -1 =1 moles of CO has reacted.

I. mole of CO will react with 1 mole of Cl, to form 1 mole of COCI,



3—1=2moles of Cl, remains at equilibrium The equilibrium constant

Imol
_ [COCI,)] _ 5L _1s
¢ [cO][Cl,]  lmol  2mol '
5L 5L
Question192

In which of the following reactions, an increase in the volume of the container will
favour the formation of products?
[Online April 15,2018(1)]

Options:

A. 4N H ,(g) +50,(g) = 4N O(g) + 6H ,0(1)
B. 2N O,(g) = 2N O(g) + O,(g)

C. 30, =20,4(g)

D. H (g)+1(g) = 2HI(g)

Answer: B

Solution:

Volume 1P|, reaction proceeds in which direction where the number of moles of gases increases.
2N O,(g) = 2N O(2) +O,(g) A n, = 2+1)-2=1

Question193

The gas phase reaction 2N O,(g) — N ,0,(g) is an exothermic reaction. The
decomposition of N ,O,, in equilibrium mixutre of N O,(g) and N ,0(g), can be

increased by:
[Online April 16, 2018]

Options:

A. addition of an inert gas at constant pressure
B. lowering the temperature

C. increasing the pressure

D. addition of an inert gas at constant volume

Answer: C

Solution:



Reaction at equilibirium

N,0,=2NO,

According to Le chatelier's principle-

(a) addition of an inert gas at constant pressure will increase volume and equilibirium shifts towards more number of
molecules.

(b) Decomposition of N ,0, will be endothermic, so reaction will move in forward reaction when temperature is

increased.So, It is incorrect. It will not effect reaction (volume is constant)
(c) Increasing the pressure on a gas reaction shifts theposition of equilibirium towards thesidewith fewer molecules. So, it
will move in backward direction which leads to formation of N ,0, from N O,,.

Question194

Following four solutions are prepared by mixing different volumes of N aOH and
H CI of different concentrations, pH of which one of them will be equal to 1 ?
[Online April 15, 2018 (I1)]

Options:

A. 55mL 1;4—0H Cl +45mL %N aOH
B. 75mL %H Cl +25mL %N aOH
C. 100mL %H Cl + 100mL %N aOH

D. 60mL 1;4—01{ Cl +40mL 1;4—0N aOH

Answer: B

Solution:

75mL %H Cl +25mL %N aOH
25mL M?N aOH will neutralise 25mL %H cl

75— 25 = 50mL %H C1 will remain.

Total volume will be 75 +25 = 100mL
50mL %H Cl is diluted to 100mL

M350 _M
5 100 10
M
=
10

[H']=[HCl]=

+
pH =—log,,[H ]=-log,,

Question195

Which of the following is a Lewis acid?
[Online April 15, 2018 (I)]

Options:



A.PH,

B.NF,

C.NaH
D. B(CH 3)3
Answer: D

Solution:

CH,
I e )
B

“ >,

H.C

Question196

Which of the following salts is the most basic in aqueous solution?
[2018]

Options:

A. AI(CN),

B. CH ,COOK
C.FeCl,

D. Pb(CH ,COO0),

Answer: B

Solution:

CH ,COOK is a salt of weak acid (CH ,COOH ) and strong base (KOH).
FeCl, is a salt of weak base [F ¢(OH ),] and strong acid (HCI).

Pb(CH ,CO0),, is a salt of weak base Pb(OH ), and weak acid (CH ;COOH )
Al(CN);, is a salt of weak base [Al (OH ),] and weak acid (HCN).

Question197

An aqueous solution contains 0.10M H ,S and 0.20M HCI. If the equilibrium
constants for the formation of HS from H 2S is 1.0 x 10" and that of S>” from HS -



ions is 1.2 x10™" then the concentration of S*~ ions in aqueous solution is :
[2018]

Options:

A.5x%10°

B.3x10 %
C.6x107°
D.5x10 "
Answer: B

Solution:

H,S ‘——*2H++32*,Ka]-Kaz:Ke

Atequb.0.10 020 ?
ST 1x107x12x10 "
[H,S]
[0.21°s° ]
[0.1]
[$]=3x10%

q

=12x10%

Question198

An aqueous solution contains an unknown concentration of Ba”*. When 50mL of a
IM solution of N a,SO, is added, BaSO, just begins to precipitate. The final volume

is 500 mL. The solubility product of BaSO, is 1 x 10'°. What is the original

concentration of Ba2+?
[2018]

Options:
A.5x10°M
B.2x10"°M
C.1.1x10°M

D.1.0x 10 M
Answer: C
Solution:

Concentration of SO427 in BaSO, solution
MV, =M,V,



1x50=M,x500
1

M = —_—

210
For just precipitation
lonic product = Ksp

2+ 24 _

[Ba® ][SO, T=K  (BaSO,)
Ba2t1x 1 _ 10710
[Ba™ ]x 75
[Ba’"1=10""M in 500mL solution
Thus [Ba2+] in original solution
(500 — 50 = 450mL)
=M, x450=10"x 500
[ where M | = Molarity of original solution]

500 -9 -9
M, = —x10 "=1.11x10 "M
L 450

Question199

The minimum volume of water required to dissolve 0.1g lead (IT) chloride to get a
saturated solution (K , of PbCl, = 3.2 x 10_8; atomic mass of Pb =207u ) is:

[Online April 15, 2018 (I)]
Options:

A. 1.798L

B. 0.36L

C.17.95L

D. 0.18L

Answer: D

Solution:

_ -8 _ -9
(K ey, =32% 1071 =32x 10

PbCl, = Pb* + 2l

K, =[Pb>[Cl T’
K,,=4s’=32x10"

$=8x10"
s=2x10"M

Y VLLzzx 1073
T VLL=2X 1073

v, = 70'21;8 1030 ~0.18L

Question200



The following reaction occurs in the Blast Furnace where iron ore is reduced to iron
metal :
F ¢,0,(s) +3CO(g) = 2F e(1) + 3CO,(g)

Using the Le Chatelier's principle, predict which one of the following will not disturb
the equilibrium?
[Online April 9, 2017]

Options:
A. Removal of CO

B. Removal of CO2
C. Addition of CO2
D. Addition of F ezO

3

Answer: D

Solution:

Perturbation Shifts reaction towards

Removal of CO Left

Removal of CO, Right

Addition of CO, Left

No change
Addition of F e, 0,

(This is a solid compound. Its concentration has noeffect on the equilibrium.)

Question201

SOmL of 0.2M ammonia solution is treated with 25mL of 0.2M H Cl. If pK | of

ammonia solution is 4.75, the pH of the mixture will be:
[Online April 9, 2017]

Options:
A.3.75
B.4.75
C.8.25

D.9.25



Answer: D

Solution:

NH,+HCl — NH CI
moles of HCI =0.2M x 25 x 10 °L = 0.005 moles HCI (total consumed)
moles of NH ;= 0.2M x 50 x 10 °L = 0.01mol esH CI
excess NH, =0.01—-0.005 = 0.005mol es
1 mole ammonia = ImoleN H ,CI
0.005N H , =0.005N H ,CI
0.005mol e

98 = 0.066M
75x 10 °L

Total volume =V, +VNH3=25+50=75mL [NH,]=[NH,Cl]=

[NH,Cl]
[NH,]

[0.066]

[0.066]

pOH =pK  +log

pOH =4.75+log

pOH =4.75
pH =14—-pOH = pH =9.25

Question202

pK , of a weak acid (HA) and pK | of a weak base (BOH) are 3.2 and 3.4,

respectively. The pH of their salt (AB) solution is
[2017]

Options:
A.7.2

B. 6.9
C.7.0

D. 1.0
Answer: B

Solution:

The salt (AB) given is a salt of weak acid and weak base. Hence the pH can be calculated by the following formula
1 1
~pH =7+ sza— szb

1 1
=7+ —(3.2)— =(3.4)=6.
7+ 5(32)- (34 =69

Question203

Addition of sodium hydroxide solution to a weak acid (HA) results in a buffer of pH.
. If ionisation constant of H A is 10_5, the ratio of salt to acid concentration in the



buffer solution will be:
[Online April 8, 2017]

Options:
A.4:5
B.1:10
C.10:1
D.5:4

Answer: C

Solution:

HA=H +A"
(Unionized, weak acid and common ion effect)
HA+NaOH — NaA+H,O
NaA — Na' +A (ionized)
_ [HA]
* o [HA]
Given, pH =6,[H]=1x10°

Question204

The equilibrium constant at 298K for a reaction A+ B = C+ D is 100 . If the initial
concentration of all the four species were 1 M each, then equilibrium concentration of

D (in mol L") will be:
[2016]

Options:
A. 1.818
B. 1.182
C.0.182
D. 0.818

Answer: A

Solution:



Ciiven, A+ —C + D

Mo of moles mitally I I 1 |

At eqm | x (B | I~ I~x

Given, A+B=C+D
2
K :(—”a) —100; 1219
¢ l1—a 1—-a
On solving; a=0.81
[D],, =1+a=1+081=181
Oq

Question205

A solid XY kept in an evacuated sealed container undergoes decomposition to form a
mixture of gases X and Y at temperature T . The equilibrium pressure is 10 bar in
the vessel. K b for this reaction is:

[Online April 10,2016]
Options:

A.25

B. 100

C. 10

D.5

Answer: A

Solution:

XY =X(@*+Y(
p p
At egm.
Total pressure =2p =10 bar ~p=35;
Now K = (p)(p,) =p° =25.

Question206

The plot shows the variation of —In K p versus temperature for the two reactions.
M (s) + 10,(g) > M O(s) and

C(s) + 50,(g) — CO(s)



M= MO

In K \

C»C0

[
.
"
"
L]
"
"
L)
L]

"
i

0 1200 T{K)

Identify the correct statement:
[Online April 9,2016]

Options:

A. At T <1200K, oxidation of carbon is unfavourable.

B. Oxidation of carbon is favourable at all temperatures.

C.AtT <1200K, the reaction M O(s) + C(s) — M (s) + CO(g) is spontaneous.
D. At T > 1200K , carbon will reduce M O(s) to M (s).

Answer: C

Solution:

LI L]

In A
' C—2 00
o H
i—\
(i 1 2000 TIK)

At T <1200K, carbon will reduce M O(s) to M (s) hence, chemical reaction
M O(s) + C(s) — M (s) + CO(g) is spontaneous.

Question207

For the reaction,
A(g) + B(g) — C(g) +D(g), AH " and AS’ are, respectively,

—29.8kJ mol ! and —0.100kJ K 'mol ! at 298K .

The equilibrium constant for the reaction at 298K is :
[Online April 9, 2016]

Options:



A 1.0x10 1
B. 10

C. 1

D.1.0x 10"

Answer: C

Solution:

Given AH ° =—29.8kJ mol !

AS°=-1.00kJK '
From the equation

AG® =AH°-T AS°=-29.8—(298x —0.100)
=-29.8+298=0
Now, AG’ =~2.303RT logK __
0=-2.303RT logK __
JKo=1.
eq

Question208

Gaseous N ,0, dissociates into gaseous N O, according to the reaction

[N,0,(8) = 2N O,(2)]

At 300K and 1 atm pressure, the degree of dissociation of N ,O, is 0.2. If one mole of
N ,0, gas is contained in a vessel, then the density of the equilibrium mixture is :
[Online April 10, 2015]

Options:

A. 1.56g/L

B.6.22g/L

C.3.11gL

D. 4.56g/L

Answer: C

Solution:

N O4(g) = :.\lll-l'éi
1 ) |
1 qm | i
N204(g) =2N Oz(g)

Where a.= degree of dissociation.
-~ Mol. wt. of mixture



_ (1*oc)><MI\1204+2(1XM]\IO2

(1-a+2x)
_ (1-0.2)92+2x0.2x46
(1+0.2)
Now, as per ideal gas equation,
PV =nRT
PM . =dRT

PM . 1 % 76.66
od = mix 06 _3119/L
RT  0.0821 x 300 g

=76.66

Question209

The standard Gibbs energy change at 300K for the reaction 2A = B+ C is 2494.2J .
At a given time, the composition of the reaction mixture is [A] = %, [B] =2 and

[C] = % The reaction proceeds in the : [R =8.314J /K /mol, e = 2.718]

[2015]

Options:

A. forward direction because Q <K
B. reverse direction because Q <K
C. forward direction because Q > K

D. reverse direction because Q > K

Answer: D

Solution:

AG® =2494.2]
2A=B+C.

1 1
Al= =, [B]=2,[C]= =
[Al= 3. [B]=2.[C]= 3
BJ[C]_ 2x1/2_,
(AT ( 1)2

2

AG’ =-2.303RT logK
2494.2] =-2.303 x (8.314] /K /mol ) x (300K ) logK

_ 2494.2]
2.303 ¥ 8.314] /K /mol x 300K
slogK  =—04341;K = 037;Q>K,

9= 1

=logK =

Question210

The following reaction is performed at 298K .
AN O(g) + 0,(8) = 2N O,(2)

The standard free energy of formation of N O(g) is 86.6 KJ /mol at 298K.



What is the standard free energy of formation of N O,(g) at 298K ?(K p= 1.6 x 1012)
[2015]

Options:

~ In(1.6x10"%)
A. 86600 TR

B. 0.5[2 x 86, 600 — R(298) In(1.6 x 10')]
C. R(298)In(1.6 x 10'%) — 86600

D. 86600 + R(298) In(1.6 x 10'%)

Answer: B

Solution:

AGre . =2AG.(NO,)-2AG, (NO)-AG,’(O,)

2AG,(NO,)=AG _+2AG, (NO)+AG,(0,)
rex

- AG=AG +RT 1nKp

At equilibrium,

AG=0,Q=K ; AG® = —“RInK |

AGj°(02) =0

~AG, (NO,) = %[2 x 86600 — R(298) In(1.6 x 10'%)]

Question211

The increase of pressure on ice = water system at constant temperature will lead to
[Online April 11, 2015]

Options:

A. a decrease in the entropy of the system

B. an increase in the Gibb's energy of the system

C. no effect on the equilibrium

D. a shift of the equilibrium in the forward direction

Answer: D

Solution:

Volume of ice is greater than that of water. The direction in which the reaction will proceed can be predicted by applying Le-
Chatelier's principle
1
Volume
So equilibrium, will shift forward.

Pressure «




Question212

For the reaction SO,(g) + %Oz(g) = S0,4(g), if K b= K (RT )" where the symbols have

usual meaning then the value of x is (assuming ideality):
[2014]

Options:
A.—1

~1
B.—3

1
C. 3
D.1

Answer: B

Solution:

50,(8)+ 30,(2) = SO4(e)

K, =K (RT)"
where x = An, = number of gaseous moles in product — number of gaseous moles in reactants

=1-(1+ l)=1—3 -
2

2 2

Question213

At a certain temperature, only S0%H I is dissociated into H , and I , at equilibrium.

The equilibrium constant is:
[Online April 9, 2014]

Options:
A. 1.0
B.3.0
C.0.5
D. 0.25

Answer: D

Solution:



2HI =H,+I1,

Ateqm. c-ca — —

Question214

For the decomposition of the compound, represented as
NH,COONH ,(s) = 2N H 4(g) + CO,(g) the K . 2.9 x 10 "atm’.

If the reaction is started with 1mol of the compound, the total pressure at

equilibrium would be:
[Online April 19, 2014]

Options:

A.1.94%10 % atm
B. 5.82 x 10 “atm
C.7.66 % 10 *atm

D. 38.8 x 10 “atm

Answer: B

Solution:

NH,COONH ,(s) = 2N H ,(g) + CO,(g)

(Pnir,)” % (Peo,) ,

Ko~ = (Pnm,) * (Peo,)

" Pyucoonn (8
As evident by the reaction, NH 3 and CO, are formed in molar ratioof 2 : 1.
Thus if P is the total pressure of the system at equilibrium, then

) 1.
Pne, T 3%P Peo, ™ 3%

([ 2P\2_P _ 4P’
K-(3)3- %
Given, K /=29 x 107°

_ 4P

229x10°= 2
27



_29x10°x27
4
P ( 2‘9x10’5x27)”3
4

P3

=5.82 x 10 atm

Question215

What happens when an inert gas is added to an equilibrium keeping volume
unchanged?
[Online April 12, 2014]

Options:

A. More product will form

B. Less product will form

C. More reactant will form

D. Equilibrium will remain unchanged
Answer: D

Solution:

On adding inert gas at constant volume the total pressure of the system is increased, but the partial pressure of each
reactant and product remains the same. Hence no effect on the state of equilibrium.

Question216

The conjugate base of hydrazoic acid is:
[Online April 12, 2014]

Options:
AN

B.N,

C.N,
D.HN,
Answer: B
Solution:

N,H =Ny +H'

Hydrazoic acid
i.e, conjugate base of hydrazoic acid is N ;.



Question217

Assuming that the degree of hydrolysis is small, the pH of 0.1M solution of sodium
acetate (K, = 1.0 x 107°) will be:
[Online April 11, 2014]

Options:
A.5.0
B. 6.0
C.8.0
D.9.0

Answer: D

Solution:

Sodium acetate is a salt of strong base and weak acid.
1 1
~pH =7+ EpKa+ 3 logc where pK , =—logK

5
=7+ 2—
2

N —

=9.0
=—log10°=5
logc=log10 ' =~1

Question218

. . + .
In some solutions, the concentration of H ;O remains constant even when small

amounts of strong acid or strong base are added to them. These solutions are known

as:
[Online April 11, 2014]

Options:

A. Ideal solutions

B. Colloidal solutions
C. True solutions

D. Buffer solutions

Answer: D

Solution:



Solutions which resist the change in the value of pH when small amount of acid or base is added to them are known as
buffers.

Question219

Consider the following equilibrium
AgCl | +2NH = [Ag(NH )] +C1~

White precipitate of AgCl appears on adding which of the following?
[Online April 11,2014]

Options:

A.NH,

B. aqueous N aCl

C. aqueous HN O,

D. aqueous NH ,CI

Answer: C

Solution:

2HN O,(aq) + [Ag(NH ,),]"+Cl~ — AgCl(s) | +2NH ,+2N O,

When nitric acid is added to amine solution, solution is made acidic and the complex ion dissociates and liberate silver ion
to recombine with chloride ion. This is the conformatory test for silver in group 1.

Question220

Zirconium phosphate [Z r,(PO,),| dissociates into three zirconium cations of charge

+4 and four phosphate anions of charge —3. If molar solubility of zirconium
phosphate is denoted by S and its solubility product by K - then which of the

following relationship between S and K sp is correct?
[Online April 19,2014]

Options:

A.S= {Ksp/(6912)1/7}
B.S={K,/144}""
C.S= {Ksp/6912}1/7

D.S={K /691217

Answer: C



Solution:

[Z13(POy),] = _’>Z3r4+ + 4PO437
§ 4s
K, =(3s)(4s)"
=275 x 256s"
=6912s’

K 1/7
ST ( S )
6912

Question221

In reaction A +2B = 2C + D, initial concentration of B was 1.5 times of [A], but at
equilibrium the concentrations of A and B became equal. The equilibrium constant

for the reaction is :
[Online April 9, 2013]

Options:
A.8
B.4

C. 12
D.6

Answer: B

Solution:

A + 2B = 2C D
ALL= ! 0 0
Ateagns, (a [ Sa - I

(2x)% x x
(a—x)(1.5a - 2x)*
Given, at equilibrium
~ (a—x)=(1.5a—2x)
sa=2x
Onsolving K =4

Hence, K =

C

Question222

(1) N,(g)+3H )(8) = 2N H 4(g), K |
(2) N ,(2) +0,(g) = 2N O(g), K,

(3) H,(g) + ;0,(2) = H,0(g), K,
The equation for the equilibrium constant of the reaction



2N H 4(g) + 20,(g) = 2N O(g) + 3H ,0(g), (K ) in ter of K , K, and K , is :
[Online April 23, 2013]

Options:

A.

Answer: D

Solution:

To calculate the value of K, in the given equation we should apply:
eqn. (2) +cqn. (3) x 3 -eqn. (1)

KK,
henceK4= T
Kl

Question223

The ratio % for the reaction is:

[Online April 25, 2013]
Options:
VRT
B. (RT)!"?
C.RT
D.1
Answer: A
Solution:
K, =K (RT)"™

For the reaction
1
CO(g) + EOZ(g) = CO,(g)



Angzl—(u%):—l
K = Ko K,
» VRT K, “RT

Question224

How many litres of water must be added to 1 litre an aqueous solution of H Cl with a
pH of 1 to create an aqueous solution with pH of 2 ?
[2013]

Options:
A.0.1L
B. 0.9L
C.2.0L
D.9.0L

Answer: D

Solution:

wpH=1;H " =10"'=0.1M
pH=2;H"=102=0.01M

“M, =01V, =1

M,=001,V,=2

From

MV, =M,V,

0.1 x1=0.01 ><V2

V,=10L

~ Volume of water added =10—-1=9L

Question225

N aOH is a strong base. What will be pH of 5.0 x 10 "M N aOH solution ?
(log2 =0.3)
[Online April 22, 2013]

Options:
A. 14.00
B. 13.70
C. 13.00

D. 12.70



Answer: D

Solution:

Given [OH ]=5x 10"

~pOH =-log5x10°
=-log5+2log10=1.30

wpH +pOH = 14

wpH = 14— pOH
=14-130=12.70

Question226

Equimolar solutions of the following compounds are prepared separately in water.
Which will have the lowest pH value?
[Online April 23, 2013]

Options:
A. BeCl,
B. StCl,
C. CaCl,
D.MgCl,
Answer: A

Solution:

Metal halide on hydrolysis with water form corresponding hydroxides.
The basic strength of hydroxide increases as we move down in a group. This is because of the increase in size which
results in decrease of ionization energy which weakens the strength of M — O bonds in M OH and thus increases the basic
strength.
Be(OH),  Mg(OH),
Amphoteric Weak base
Ca(OH), Sr(OH ),Ba(OH ),
Strong base

Hence, Be(OH ), will have lowest pH .

Question227

What is the pH of a 10 ‘M OH ™ solution at 330K , if K _ at 330K is 102
[Online April 23, 2013]

Options:

A. 4

B.9.0



C. 10

D.9.6

Answer: D

Solution:

Given at 330K
K =103

ie. pK, =pH +pOH
“pOH =-log[OH ]
13.6 =pH +pOH
pOH =-log10™*
pOH =4
~ pH =13.6-4

=9.6

Question228

Which one of the following arrangements represents the correct order of the proton
affinity of the given species:
[Online April 25, 2013]

Options:

A.1 <F <HS <NH,
B.HS <NH, <F <I~
C.F <I <NH, <HS
D.NH, <HS <I <F
Answer: A

Solution:

The species with the greatest proton affinity will be the strongest base, and its conjugate acid will be the weakest acid. The
weakest acid will have the smallest value of Kao Since H1 is a stronger acid than HF which is a stronger acid than H S, a

partial order of proton affinity is

I <F <HS

Since NH , is a very weak acid, NH, must be a very strong base. Therefore the correct order of proton affinity is
I <F <HS <NH,

Question229

Values of dissociation constant, K  are given as follows:



Acid K

HCN | 62x107%

HF 72x10 ¢

HNO, | 40x107*

Correct order of increasing base strength of the base CN F and N O, will be:
[Online April 22, 2013]

Options:

A.F <CN_<NO2_
B.NO2_<CN_<F_
C.F <N02_<CN_
D.N02_<F_<CN_
Answer: C

Solution:

Higher the value of K, lower will be the value of pK , i.e. higher will be the acidic nature. Further since CN ,F and NO,
are conjugate base of the acids HCN, HF and HN O, respectively hence the correct order of base strength will be

F <NO, <CN

(~ stronger the acid weaker will be its conjugate base)

Question230

What would be the pH of a solution obtained by mixing Sg of acetic acid and 7.5¢g of
sodium acetate and making the volume equal to S00mL ?

(K,=1.75x10"", pK _ = 4.76)
[Online April 25, 2013]

Options:

A.pH =4.70

B. pH <4.70

C. pH of solution will be equal to pH of acetic acid
D.4.76 <pH <5.0

Answer: D



Solution:

Concentration of CH ;COOH is computed as under.

conc. =5g in 500mL
=10g/L [ Mol. wt. of CH,COOH = 60

104, 1
H H] = -2M; -M
[CH,COOH] = =M: <

concentration of CH ;COON a is computed as under.

conc. =7.5g in 500mL
=15g/L
[CH ;COOH ]
pK,=—logK
=log(1.8 x 10— 5) =4.7447
H =pK +log —[5alt]
P PR og[ acid |
15/82
1/6
=4.7447 +1og 1.097
=4.7447 + 0.0402
=478

I
|
<

=4.744 log

Question231

Solid Ba(N O,), is gradually dissolved in a 1.0 x 10*MN a,COj, solution. At which
concentration of Ba2+, precipitate of BaCO, begins to form ?(K - for BaCO,

=5.1%x10"")
[Online April 9, 2013]

Options:

A.5.1x10°M
B.7.1x10 *M
C.4.1x10°M

D.8.1x10 M
Answer: A

Solution:

Conc. of Na,CO, = 1.0x 10 *M
2[CO1=1.0x10 "M i.e. s=1.0x10 "M
At equilibrium
[Ba”"][CO,” 1=K ;0 BaCO,

Ko, _51x107°
[CO ] 1.0x107°
=5.1x10"°M

[Ba’] =




Question232

Which one of the following arrangements represents the correct order of solubilities
of sparingly soluble salts H g,Cl ,, Cr,(S0,),, BaSO, and CrCl ; respectively?

[Online April 22, 2013]
Options:

A.BaSO, > H g,Cl, > Cr,(S0,), > CrCl
B. BaSO, > H g,Cl, > CrCl ; > Cr,(SO,),

C.BaSO, > CrCl, > Hg,Cl, > Cr,(SO,),

D. H g,Cl,>BaSO, > CrCl , > Cr,(SO,),

Answer: B

Solution:

3+ 2-
Cr,(S0,), = 2Cr’ " +3S0,
K, = (25)*(3s)’ = 45> x 27s* = 108s’

1/5
s= ( K_}z)
10
Hg,Cl,=2Hg "+ 2C
2s
K, =25 x(2s) = 165"

K 1/4
(%)
16
BaSO, = Ba’* +50,>
s S

_ 2
Kw—s

s = KSp
CrCl, = ¢’ +3C1

s 3s

K, =sx(3s)’=27s"

K 1/4
= (57)
27
Hence the correct order of solubilities of salts is

K \1/4 K\ 174 K \!/3
w5 () -G
sp 16 27 10

Question233

K, K, and K ; are the equilibrium constants of the following reactions (I), (II) and
(ITI) respectively:

(HN,+20,=2NO,

(II) 2N O, = N, +20,

A NO, = iN,+O,



The correct relation from the following is
[Online May 7, 2012]

Options:

Answer: B

Solution:

K
(I)N,+20,22N 0,
[NO,J*
[N,][0,]°
KZ
(I) 2N 0,=2N , +20,
L Jo,1?
2 N O 2
[NO,]
K}
(ITT) N O,eftarrows %N ,T0,

K, =

()

. (i)

_ IN,'70,]

5= TN,
2
A(K )= [Nﬂizz] .. (iii)
[NO,]

~ From equation (i), (ii) and (iii)
K= L=_1_

K2 (K 3)
Question234

8 mol of AB,(g) are introduced into a 1.0d m’ vessel. If it dissociates as
2AB,(g) = A,(g) +3B,(g). At equilibrium, 2 mol of A, are found to be present. The

equilibrium constant of this reaction is
[Online May 12, 2012]

Options:
A.2
B.3

C.27



D. 36

Answer: C

Solution:

24B,(g) == A,(g)+3By(g)

at =0 X 0 ]

at eqm. (R - 2 = 2) 2 3= 2
-4 2 6

molar cones. 4V 2V [

2AB,(g) 5 A,(g) +3B,(g2)

[ANB,I _ 2/1x[6/1F _,,

now K o= 3 3
[ABS] [4/1]

Question235

The value of K b for the equilibrium reaction N ,0,(g) = 2N O,(g) is 2 .
The percentage dissociation of N ,0(g) at a pressure of 0.5 atm is
[Online May 19, 2012]

Options:
A.25
B. 88
C.50
D.71

Answer: D

Solution:

N,O,(g)=—=2NO,(g)
Imual moles | L
Moles at egm. i1 a 2u
(w = degree of dissociation)

Total number of moles at eqm.
=(1-0)+2a
=(1+a)
_ (-0
Pnyo, = a(l+a) -
_ 2a «
PNo, ™ a1+ a)

2 20 P)2

o) (T

’ PN204 ( ]_Q)XP
l1+a




K - 40°P . _ __4d’P_ 4d’P

P taP(l-) P IFo-w)’ gl
l+a

Given, Kp =2,P=0.5atm

40°P 5 _ 40> x0.5

2° 2

~K =
p

2
l-o l-o
a=0.707=0.71

-~ Percentage dissociation

=0.71x100="71

Question236

One mole of O,(g) and two moles of SO,(g) were heated in a closed vessel of one-litre
capacity at 1098K . At equilibrium 1.6 moles of SO,(g) were found. The equilibrium
constant K  of the reaction would be

[Online May 26, 2012]

Options:
A. 30
B. 40
C. 80
D. 60

Answer: C

Solution:

0, + 280, == 280,

Attt =0 ] 5 ,
At egm (1 a) 2(1 a) 2

Given at equilibrium,

200=1.6

a=0.8

K = Qo 08°  _ 064
¢ (-0@2-2a)’ (1-08)(1-0.8)* 0.002

K, =80

Question237

The pH of a 0.1 molar solution of the acid H Q is 3. The value of the ionization
constant, K | of the acid is :

[2012]

Options:



A.3x10!
B.1x10°
C.1x107°

D.1x10’
Answer: C

Solution:

10° )
oro= —=10
*T 00
K,=Ca’=0.1x107x107°=10"

Question238

Given

. N + -
(i) HCN (aq) + H,0(1) = H ,0"(aq) + CN "(aq)
K,=62x107"
(ii) CN “(aq) + H,0(I) = HCN (aq) + OH (aq)
K, =16x107

These equilibria show the following order of the relative base strength,
[Online May 12, 2012]

Options:

A.OH >H,0>CN
B.OH >CN >H,O
C.H,0>CN >OH
D.CN "H,0>O0H
Answer: B

Solution:

The more is the value of equilibrium constant, the more is the completion of reaction or more is the concentration of
products i.e. the order of relative strength would be

OH >CN >H,O




Question239

The solubility (in mol L™ ) of AgCl (K =10 10"'% in a 0.1 M KCl solution will be
[Online May 7, 2012]

Options:

A.1.0x107°
B.1.0x10 "
C.1.0x107°

D.1.0x10 '

Answer: A

Solution:

Let solubility of AgCl =smol /L
AgCl =2 Ag'+Cl-
l.e., Ksp(AgCl) =§Xs

KCl - K +c|™
0.1

[C1 ] from K Cl =0.1M

Total [C] ]in solution =s+0.1

K (AgCl) = [Ag'][Cl ] =s(s +0.1)
1.0x10 0 =5(s+0.1)

1.0x10 ' =5"+0.1s
1.0x10'°=0.1s (ass’«<1)
s=1.0x10"mol /L

Question240

If K sp of CaF , at 25°Cis 1.7 x 10_10, the combination amongst the following which
gives a precipitate of CaF , is
[Online May 19, 2012]

Options:

A. 1x10°MCa* and 1 x 10 °MF
B.1x10 *MCa’ and 1 x 10 "M F "
C.1x10°MCa’ and 1 x 10 "M F

D.1x10°>°MCa* and 1 x 10 "M F ~
Answer: A

Solution:



When ionic product i.e. the product of the concentration of ions in the solution exceeds the value of solubility product,
formation of precitpiate occurs.

CaF,=Ca” +2F
lonic product = [Ca®[F T*
when, [Ca®"1=1x10 "M
[FP=1x10")M
=1x10°M
A [CaIF P=(1x109)(1x10%=1x10"
In this case,
lonic product (1 x 10™%)>
solubility product (1.7 x 10~'%)

Question241

The solubility of PbI , at 25°C is 0.7gL_1. The solubility product of Pbl , at this

temperature is (molar mass of Pbl , = 461.2gmol _1)
[Online May 26, 2012]

Options:
A.1.40%x10°
B.0.14x10"°
-9
C.140x10
D.14.0x10°°
Answer: D

Solution:

Pbl, = pp> +21 "~

s 2s
_ 2_ 4.3
ch—sX(Zs) =4s

— 0.7

ax (27 ) Z140x107
= = X
( 461.2) '

Question242

An acid HA ionises as

HA=H +A"

The pH of 1.0M solution is 5. Its dissociation constant would be :
[2011RS]

Options:

A5



B.5x10°°
C.1x107°

D.1x10 '

Answer: D

Solution:

pH =5 means

H=10"
HA — H' + A
1=0 C 0 0
el ) ca cit
K - AT (cw? _ [HTP

2 [HA] c(l-0) c¢-[HT
But, [H ]<<c¢
“K =[HTP=@107)Y=10"

a

Question243

The K sp for Cr(OH ), is 1.6 x 107", The solubility of this compound in water is :
[2011 RS]

Options:

A 4V1.6x10°

B.4\1.6x10°°/27
C.1.6x10 %%

D.2V1.6x10
Answer: B

Solution:

Cr(OH ),(s) = Cr’'(aq)+30H " (aq.)

27s* =K

P

S=( &)1/42( 1.6><10730)1/4
27 27

Question244



In aqueous solution the ionization constants for carbonic acid are
K, =42x10 andK,=4.8x10""

Select the correct statement for a saturated 0.034M solution of the carbonic acid.
[2010]

Options:

A. The concentration of CO32_ is 0.034M .
B. The concentration of CO32_ is greater than that of HCO;
C. The concentrations of H " and H CO, are approximately equal.

D. The concentration of H " is double that of CO32_.
Answer: C

Solution:

H,CO,=H +HCO, K,=42x10"
HCO, =H +C0;”” K,=48x10"
Second dissociation constant (K ,) is much smaller than the first one (K ,). Just a small fraction of total HCO, formed will

undergo second stage of ionization. Hence in saturated solution
[H "]>»>>>[CO,> ]; [CO,> 1 #0.034M

[HCO,” ]>>[CO,” Jand [H ]~ [HCO, ]

Question245

Solubility product of silver bromide is 5.0 x 10" ". The quantity of potassium bromide

(molar mass taken as 120g mol - ) to be added to 1 litre of 0.05SM solution of silver

nitrate to start the precipitation of AgBr is
[2010]

Options:
A.12x10 %
B.12x10 g
C.62x10g

D. 5.0 x 10%

Answer: B

Solution:



AgBr=Ag +Br
K, =[Ag'][Br ]
For precipitation to occur
lonic product > Solubility product
Br= —m — 5* 107 _ o
[Ag"] 0.05
i.e., precipitation just starts when 10" moles of K Br is added to ILAgN O, solution

. Number of moles of Br_ needed from K Br=10 !
» Massof KBr=10"'x120=1.2x10"g

Question246

At 25°C, the solubility product of M g(OH ), is 1.0 x 10""'. At which pH , will M g**

ions start precipitating in the form of M g(OH ), from a solution of 0.001M M g2+

ions?
[2010]

Options:
A.9

B. 10
C. 11
D.8

Answer: B

Solution:

Mg(OH),=Mg" +20H "
K,,=[Mg"JOH ]’
1.0x10" =107 x[OH ]
—11
[OH_]—\/ 110 ~10*

0*3

~ pOH =4
~ pH +pOH =14
~ pH =10

Question247

Three reactions involving H ,PO, are given below:
() H,PO,+H,0 — H,0" +H,PO, [2010]
. - 2- +
(i) H,PO, +H,0—~>HPO,” +H,0
2 - - 2
(ii) H,"PO, +OH — H,PO,+O



In which of the above does H ,PO 4_ act as an acid ?
[2010]

Options:

A. (ii) only
B. (1) and (i1)
C. (iii) only
D. (i) only
Answer: A

Solution:

(i) H,PO,+H,0 — H 0" +H,PO,”
acid, base, acid, base,
i - 2- +
(i)H,PO, +H,0 > HPO, +H,0
acid, base, base, acid,
(iii) H ,pO, +OH — H,PO, + 0
acid, base,

base, acid,

Hence only in (ii) reaction, H ,PO, is acting as an acid.

Question248

Solid Ba(N O,), is gradually dissolved in a 1.0 X 10°°M N a,COj, solution. At what

)2
concentration of Ba’" will a precipitate begin to form? (K xp for for

BaCO,=5.1x10")
[2009]

Options:
A.5.1x10°M
B.8.1x10 "M
C.8.1x10'M
D.4.1x10°M
Answer: A

Solution:

Na,CO, = 2Na" + CO,>

1x107*M 1X10°'M g7y
_ 2+ 2-
K paco,) = [Ba” J[CO;™ ]



51x107°

——=51x10°M
1x10

[Ba’']=

Question249

The equilibrium constants K p and K p for the reactions X =2Y and Z = P +Q,
1 2

respectively are in the ratio of 1 : 9. If the degree of dissociation of X and Z be equal,
then the ratio of total pressures at these equilibria is
[2008]

Options:
A.1:36
B.1:1
C.1:3
D.1:9
Answer: A

Solution:

Let the initial moles of X be 'a' and that of Z be 'b ' then for the given reactions.

Bk
Initial a moles 0
Al egm al — @) 2an
(moles)
Total no. of moles = a(l —a) +2aa
=a—aa+2aa
=a(l+a)

2 An
K = (_nix i
Py l'lX Zn
dn

NowK = fo Ty [ Z]

GV &

~ (bo)(bo) - P
P [b(1~a)][b(l +a)]

2
-P 2 4P
or&=4a T, (-w T

orK

1

2
sz (1*0{2) PTZ-a PT2
4P K

T 1 P 1 .

or —!= - |+ _—= —given]
PTZ 9 sz 9
P

or —1= Lor1:36

Question250



For the following threereactions (i), (ii) and (iii), equilibrium constants are given:
(i) CO(g) + H,0(g) = CO,(g) + H,(g); K,

(ii) CH ,(g) + H ,0(g) = CO(g) + 3H ,(g); K,
(iii) CH ,(g) + 2H ,0(g) = CO,(g) +4H ,(g); K ,

Which of the following is correct?
[2008]

Options:

AK VK, =K,

B.K,K,=K,
C.K,=K K,

2

3
D.K; K, =K,

Answer: C

Solution:

Reaction (jii) can be obtained by adding reactions (i) and (ii) therefore K , =K | . K,

Question251

Four species are listed below:
i. HCO,

o +

ii. H,0

iii. HSO,

iv. HSO,F

Which one of the following is the correct sequence of their acid strength?
[2008]

Options:
Aiv<ii<ii<i
B.ii<iii<i<iv
C.i<im<ii<iv
D.ii<1<iv<ii
Answer: C

Solution:



The correct order of acidic strength of the given species is
HSO,F >H,0">HS0, >HCO,

(iv) (i) (iii) ()
or (i) < (iii) < (ii) < (iv)

Question252

The pK , of a weak acid, H A, is 4.80. The pK | of a weak base, BOH , is 4.78. The pH
of an aqueous solution of the corresponding salt, BA, will be

[2008]
Options:
A.9.58
B.4.79
C.7.01
D.9.22

Answer: C

Solution:

In aqueous solution, BA(salt) hydrolyses to give
BA+H,0=BOH +HA

base acid
Now pH is given by
_ 1 1 1
pH = szW + sza— Epr
Substituting given values, we get

pH = %(14 +4.80—4.78) = 7.01

Question253

The first and second dissociation constants of an acid H 5 A are 1.0 x 10_5 and

5.0x10 " respectively. The overall dissociation constant of the acid will be
[2007]

Options:

A.02x%10°
B.5.0x10°
C.5.0x10"

D.5.0x10 %,



Answer: D

Solution:

HA=H +HA

JKo=10x107° = [H+][71“f]
! [H,A]
HA =2H +A
s K.=s50x10 0= HTA]
’ [HA']
For the reaction,
H,A=2H +A”
+12r 22—
Kk = HITA T ¢ «x
[HzA] 1 2

=(1.0x107°)x(5x10'%)=5x10"

Question254

The pK , of a weak acid (HA) is 4.5. The pOH of an aqueous buffer solution of H A in

which 50% of the acid is ionized is
[2007]

Options:
A.7.0
B.4.5
C.25
D.95

Answer: D

Solution:

o _ salt _ [ salt ]
For acidic buffer, pH =pK  + 1og[ acid ] pH =4.5+1og “acid]
As HA is 50% ionized so [salt] =[ acid ]
~pH =4.5
~“pH +pOH =14
pOH =14-pH =14-45=95

Question255

In a saturated solution of the sparingly soluble strong electrolyte Agl O, (molecular
mass = 283 ) the equilibrium which sets in is Agl O,(s) = Ag+(aq) +1 03_(aq). If the

solubility product constant K sp of Agl O, at a given temperature is 1.0 x 10_8, what is



the mass of Agl O, contained in 100mL of its saturated solution?
[2007]

Options:
A.1.0x107%
B.28.3x 10 ’g
C.2.83x10 °g

D.1.0x 10 'g.
Answer: C

Solution:

Lets= solubility Agl O, = Ag" +10,
K,,=[Ag 0 =sxs=5’

Given K, =1x10"
2s=VK_=11x10"

=1.0x10 *mol /L=1.0x10*x283g/L
(** Molecular mass of Agl O, =283)

1.0 x 10 #x 283 x 100
= L 100mL
1000 g/100m

=2.83 %10 *g/100mL

Question256

Phosphorus pentachloride dissociates as follows, in a closed reaction vessel
PCl ((g) = PCl ;(g) + Cl ,(2)

If total pressure at equilibrium of the reaction mixture is P and degree of dissociation
of PCl ; is x, the partial pressure of PCI ; will be

[2006]

Options:

@

Answer:



Solution:

PCl 4(g) = PCl,(g) T Cl ,(g)
1-x X X

Total moles after dissociation 1 —x+x+x=1+x

Peci, = Mole fraction of PCI,x Total pressure

e

Question257

The equilibrium constant for the reaction

SO,(g) = SO,(2) + ;0,(g)

isK_ =49x10"

The value of K _ for the reaction 2S0,(g) + O,(g) = 250,(g)
will be

[2006]

Options:
A.9.8x1072

B.4.9x102

C. 416

D.2.40x 10>

Answer: C

Solution:

1
SO5(g) = SO,(g) + zoz(g)
_ [80,][0,]'
¢ [SO,]
On taking the square of the above reaction
[SO,]°[0,]
[SO,I"
Now for 250,(g) + O,(g) = 2SO,
SO,
o BOF 1 g
[SO,I’[0,] 24.01x10

=49x102

=24.01x10*

Question258

For the reaction :
2N O,(8) = 2N O(g) + O,(g)



(K, =1.8x10"% at 184°C)(R = 0.0831kJ /(mol . K))

When K b and K _ are compared at 184°C, it is found that
[2005]

Options:

A. Whether K _ is greater than, less than or equal to K  depends upon the total gas pressure
p c

C. K, is less than K |
D.K > is greater than K _

Answer: D

Solution:

For the reaction:-
2N O,(g) = 2N O(g) + O,(g)
Given K ,=1.8x 10 °at 184°C
R =0.0831kJ /mol .K
_ An
K, =K (RT)
K, =18x 10 ®x0.0831 x 457
=6.836x10°
Hence it is clear that K » >K,

Question259

An amount of solid N H ;HS is placed in a flask already containing ammonia gas at a

certain temperature and 0.50 atm pressure. Ammonium hydrogen sulphide
decomposes to yield N H ; and N ,S gases in the flask. When the decomposition

reaction reaches equilibrium, the total pressure in the flask rises to 0.84 atm? The
equilibrium constant for NH H S decomposition at this temperature is

[2005]
Options:
A.0.11
B.0.17
C.0.18
D. 0.30

Answer: A

Solution:



NH,HS(s) ==NH;(s) + H,S(g)

At t=0 0.5 atm U atm
At egm. 05 +xatm X am
Then 0.5+x+x=2x+0.5=0.84 (given)
x=0.17 atm.

Pym, = 0.5+0.17 = 0.67atm
pHZS:0.17atm

K =Py, X Phs™ 0.67 x 0.17atm’
=0.1139=0.11

Question260

The exothermic formation of CI F , is represented by the equation:

Cl,(g) +3F,(g) = 2C1F ,(g); AH =-329kJ

Which of the following will increase the quantity of CI F ; in an equilibrium mixture
of Cl1,,F,and C1F ;?

[2005]

Options:

A.Adding F ,

B. Increasing the volume of the container
C. Removing CI,

D. Increasing the temperature

Answer: A

Solution:

The reaction given is an exothermic reaction thus accordingly to Le-Chatalier's principle lowering of temperature, addition of
F, and or Cl, favour the forward direction and in hence the production of CIF ,.

Question261

Hydrogen ion concentration in mol /L in a solution of pH = 5.4 will be:
[2005]

Options:
A.3.98x10°°
B.3.68x 10 °

C.3.88x10°



D. 3.98 x 10

Answer: A

Solution:

1
[H']

pH =—log[H ] = log

5.4=log ——
[H]

On solving, [H]=3.98x10°°

Question262

What is the conjugate base of OH ?
[2005]

Options:
A.0"
B.O
C.H,0

D.O,

Answer: A
Solution:
Conjugate acid-base pair differ by only one proton.

OH — H +0
Conjugate base of OH is o’

Question263

The solubility product of a salt having general formula M X , in water, is :4 x 107"

The concentration of M > ions in the aqueous solution of the salt is
[2005]

Options:
A.4.0x10 'M
B.1.6x10 *M

C.1.0x10 ‘M



D.2.0x 10 °M

Answer: C

Solution:

1\/[)(2 = M2++2§2+
S S
Where s is the solubility of M X,

4.3
then KSp =4s

4x10 2 =4¢
ors=1x10"*

Question264

The equilibrium constant (K ) for the reaction N ,(g) + O,(g) —2N O(g) at
temperature T is 4 X 10~*. The value of K . for the reaction

N O(g) — %N ,(®+ %Oz(g) at the same temperature is:

[2004, 2012]

Options:

A.0.02

B.2.5x 10

C.4x10*

D. 50.0

Answer: D

Solution:

For the reaction
N,+0,—2NO Kc=4x10"

Hence for the reaction

1 1 1 1
NO— IN,+ 20, K=

1l - =50
VK, 4x10?

Question265

What is the equilibrium expression for the reaction
P,(s) +50,(g) = P,0,,(5)?
[2004]

Options:



B.K _=[P,0,,]/5[P,I[0,]

C.K_=[P,0,,]/[P,J[O,’

_ 5
D. KC = 1/[02]
Answer: D

Solution:

For P,(s) +50,(g) = P,O,(s)

K= —
(O]
Solids have concentration unity.

Question266

For the reaction, CO(g) + Cl ,(g) = COCI ,(g) the K p/K . is equal to
[2004]

Options:
ANRT
B.RT
C.1/RT
D. 1.0
Answer: C
Solution:

K =K (RT)™;
p C
Here An=1-2=-1

K1
“K, RT
Question267

The conjugate base of H ,PO, is
[2004]

Options:



A.H PO,
B. PO,

37
C. PO,

D.HPO,”
Answer: D

Solution:

—-H"

H,PO,

Conjugate acid-base differs by H .

27
» HPO,
Acid Conjugate base

Question268

The molar solubility (in mol L ) of a sparingly soluble salt M X , is 's'. The

corresponding solubility product is K .

[2004]

Options:
A.s=(256K )"
B.s= (128K Sp)”4
C.s=(K_/128)"""
D.s=(K/256)'"

Answer: D

Solution:

MX, =M+ 4x
45
K, = [s][4s]" = 2565’

K 1/5
s = ( — S0 )
25

P

. 's' is given in term of K sp by the relation:

Question269

For the reaction equilibrium
N,0,(g) = 2N 0,(g)



the concentrations of N ,O, and N O, at equilibrium are 4.8 x 10 % and

1.2 x 10 *mol L' respectively. The value of K . for the reaction is
[2003]

Options:

A.3%10 'molL™"
B.3x 10 ’mol L™
C.3%10’mol L™

D.3.3x 10’ mol L™

Answer: B

Solution:

INO,’ _ [12x10%P
[N,O,]  [48x107
=3x10 "mol /L

K =
c

Question270

Consider the reaction equilibrium
250,(g) + 0,(g) = 2S0,4(g); AH °=—-198kJ

On the basis of Le Chatelier's principle, the condition favourable for the forward
reaction is
[2003]

Options:

A. increasing temperature as well as pressure

B. lowering the temperature and increasing the pressure
C. any value of temperature and pressure

D. lowering of temperature as well as pressure

Answer: B

Solution:

Due to exothermic nature of reaction low or optimum temperature will be required. Since 3 moles are changing to 2 moles,
therefore high pressure will be required.

Question271



Which one of the following statements is not true?
[2003]

Options:
A.pH +pOH = 14 for all aqueous solutions

B. The pH of 1 x 10°M HCl is 8

C. 96,500 coulombs of electricity when passed through a CuSO, solution deposits 1 gram equivalent of
copper at the cathode

D. The conjugate base of H ,PO, is HPO 427
Answer: B

Solution:

pH of an acidic solution should be less than 7 . The reason is that from H ,0, [H “1=10""M which cannot be neglected in

comparison to 10 °M . The pH can be calculated as.
From acid, [H ]=10"*M

From H,0,[H ']=10 'M

~Total[H]=10%+10"

=10%1+10)=11x10"°

~pH =—log[H ]=~log11x10°®

=—[log 11 +8log 10]

=—[1.0414 — 8] = 6.9586

Question272

When rain is accompanied by a thunderstorm, the collected rain water will have a
pH value
[2003]

Options:

A. slightly higher than that when the thunderstorm is not there
B. uninfluenced by occurrence of thunderstorm

C. that depends on the amount of dust in air

D. slightly lower than that of rain water without thunderstorm.

Answer: D

Solution:

The rain water after thunderstorm contains dissolved acid and therefore the pH is less than rain water without
thunderstorm.




Question273

The solubility in water of a sparingly soluble salt AB, is 1.0 x 10 “mol L', Tts

solubility product will be
[2003]

Options:
A.4x107"
B.1x10 "
C.1x10 "
D.4x10 "
Answer: D
Solution:
AB,= A’ +2B

[A]=1.0x10"° [B]=[2.0x10 "]
K, =[BIA]=[2x 10 "P[1.0x 10 ] =4 x 10 "

Question274

For the reaction CO(g) +(1/2)0,(g) = CO,(g), K p/ K is
[2002]

Options:
A.RT

B. (RT)"'
C.(RT) "2
D. (RT)"?
Answer: C

Solution:

_ An,

K, =K (RT)™;
An=1—(1+ l)=1— 3.1
2 27 2

K -
s —2 = (RT) 1/2
K

C




Question275

Change in volume of the system does not alter which of the following equilibria?
[2002]

Options:

AN, (8)+0,(g) = 2N O(g)

B. PCl 4(g) = PCl ;(g) + Cl ,(g)
C.N,(g) +3H ,(g) = 2N H,(g)
D. SO,Cl ,(g) = SO,(g) + Cl ,(g)
Answer: A

Solution:

In reaction (a) the ratio of number of moles of reactants to products is same i.e. 2 : 2, hence change in volume will not alter
the number of moles.

Question276

Species acting as both Bronsted acid and base is
[2002]

Options:
A.HSO,
B. Na,CO,
C.NH,

D. OH

Answer: A

Solution:

(HSO,) can accept and donate a proton
(HSO,) +H" — H S0, (acting as base)
(HSO,)—H" —S0,”". (acting as acid)

Question277



Let the solubility of an aqueous solution of M g(OH ),, be x, then its K p is
[2002]

Options:
A. 4x°
B. 108x’
C.27x*

D. 9x.

Answer: A

Solution:

Mg(OH), — M g* ']+ 2(0H ]

K, = [Mg][OH I’ = [x][2x]" = x.4x = 4x’

Question278

1M NaCl and 1M HCI are present in an aqueous solution. The solution is
[2002]

Options:

A. not a buffer solution with pH <7
B. not a buffer solution with pH > 7
C. a bufter solution with pH <7

D. a buffer solution with pH > 7.
Answer: A

Solution:

A buffer is a solution of weak acid and its salt with strong base and vice versa. H Cl is strong acid and N aCl is its salt with
strong base. pH is less than 7 due to HCI.




