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Solutions

TOPIC 1

Expression of Concentration

01 If 80 g of copper sulphate
CuS0, [®H,0. is dissolved in
deionised water to make 5 L of
solution. The concentration of the
copper sulphate solution is x x 1073
mol L. The value of xis ........ )

[Atomic masses Cu=63.54 u,

S=32u,0=16u,H=1u]
[2021, 1 Sep Shift-II]

Ans. (64)
Given, mass of CuS0,.5H,0=80¢g

The concentration of copper
sulphate solution is x x 107> mol/L.

Molarity =

Volume of solution(L)
Molar mass of
CuS0, BH,0=63.54 +32 + 16 x4
=5x18=249.54 g/ mol
Number of moles of solute
- Weight of solute
Molecular mass of solute

=_ 809 =0.32 mol
249.54 g/ mol

Volume of solution=5 L

From Eq. (i),
0.3205 _

Molarity = 64.11x 10 mol / L

O x=64.1
or X =64
Hence, answer is 64.

02 The molarity of the solution
prepared by dissolving 6.3 g of
oxalic acid (H,C,0, (2 H,0)in
250 mL of water inmol L™ is
x %1072, The value of X s .........
(Nearest integer)

Number of moles of solute i)

[Atomic mass H=1.0, C=12.0,
0=16.0] [2021, 31 Aug Shift-1]
Ans. (20)

number of moles of solute

volume of solution(in litre)
weight of solute/molecular mass

Molarity =

of solute
volume of solution(in litre)

Molecular mass of solute
[H,C,0,[2H,0]=126 ¢

_6.39/126¢
250 mL
xx1072=0.2
xx1072 =20 %1077

O x =20

x %1072 %1000

E The density of NaOH solution is
1.2 gcm ™. The molality of this
solution is ............ m.

(Round off to the nearest integer)

[Use : Atomic masses : Na=23.0
u, 0=16.0u, H=1.0 u, density of
H,0:1.0gcm ]
[2021, 27 July Shift-I]
Ans. (5)
Number of moles of solute

Molality =
Weight of solution (kg)

Consider 1litre solution, (1litre =1000 q)

Density of wateris1g/mL

Mass of solution =Density X Volume
=1.2x1000g
=1200¢g

Neglecting volume of NaOH.

Mass of water =1000 g

Mass of NaOH =(1200 - 1000) g

=200

Moles ofNaOH =220 =5 mo
40

5 MOl _ & mol /kg

Molarity = ——
1kg

04 100 mL of Na,PO,, solution

contains 3.45 g of sodium. The
molarity of the solution is ......
%1072 mol L™ . (Nearest integer)
[Atomic masses -Na=23.0u,

0=16.0u, P=31.0u]
[2021, 26 Aug Shift-II]

Ans. (50)

Number of mole of Na* ions
mass of sodium

~ molar mass of sodium

_3.45
23

So, number of mole of Na,P0,
_ moles of sodium
3
{as Tmolecule of Na,P0O, contains 3
atoms of Na}

3.45

= —=0.05
3x23

Moles of NazP0,

Volume of solution(in L)

=005, 4900
100

Molarity =

=0.50
=50 %1077
0 Answer is 50.

05 The exact volumes of TM NaOH
solution required to neutralise
50 mL of 1M H;PO; solution and
100 mL of 2 MH;PO, solution,

respectively, are
[2021, 16 March Shift-II]

(a)100 mL and 100 mL
(b) 100 mL and 50 mL
(c)100 mL and 200 mL
(d)50 mL and 50 mL

Ans. (c¢)
H,PO; +2NaOHOE»  Na,HPO; +2H,0
B]DMmL VZ?



06

Millimoles of H;P0; = MxV =1 x50 =50
For Tmillimole of H;P0;, we require 2
millimoles of NaOH.

For 50 millimole of Hy05, we require
(2x50) =100 millimoles of NaOH.

Millimoles of NaOH =M=V =100
1xV =100
V =100mL
H.,PO, + NaOH - NaH,P0, + H,0
100 mL \/T°
2M =
Millimoles of H,PO, = MxV =2 x100 =200

For Tmillimole of H;P0,, we require 1
millimoles of NaOH.

For 200 millimole of H,P0,, we require
200 millimoles of NaOH.

So, volume of NaOH=200mL

A 6.50 molal solution of KOH (ag)
has a denisity of 1.89 gcm ™. The
molarity of the solution is ...... mol
dm ™ (Round off to the nearest
integer).

[Atomic masses: K: 39.0 u,

0:16.0u, H:1.0u]
[2021, 16 March Shift-I]

Ans. (9)
Mx 1000
{1000d) - MxM

where, M=molarity
d =density of solution

Molality (m) =

so\ute}

Mgote =Molar mass of solute
Putting the values,
6.50 = Mx 1000
(1000 % 1.89) = (M x 56)
On solving, M:@
1364
M=9molar

4.5 g of compound A (MW = 90) was
used to make 250 mL of its
aqueous solution. The molarity of
the solutioninMis xx10~". The

value of xis ......... .(Rounded off to

the nearest integer).
[2021, 24 Feb Shift-1]

Ans. (2)
Given, weight of compound A =454

Molecular weight of compound A =90
g/mol
Volume of solution (in mL)=250 mL
Now, molarity is defined as number of
moles of solute or compound A divided
by volume of solution (in L).

M= Number of moles of solute (n)

Volume of solution

= Weight of solute (compound A)
Molecular weight of solute

O

(compound A)

Hence, xx 107
x=2

08 A solution of two components

containing n; moles of the 1st
component and n, moles of the
2nd component is prepared. M, and
M, are the molecular weights of
component 1and 2 respectively. If
d is the density of the solutionin g
mL~", C, is the molarity and x , is
the mole-fraction of the 2nd
component, then C, can be
expressedas  [2020, 6 Sep Shift-1]
_ 000X,

My +Xy (My =M,)
- dX,

My +X, (M, =M)
06, = 1000 dX,

My +X, (M, =M,)

- dX;

My +X, (My =M,
Ans. (c)

In first component,
Mass =number of moles x molecular
weight =n,M,
In second component,
Mass=n,M,

(a) C2
(b) C,
]

(d) c,

Mass of solution=nM, + n,M, (i)
)
m+n
0 n, = n1=X) i)
X2
Place the value of n, in eq. (i)
0 nZ(-I_XZ)MW +nzM2
X2

Mole-fraction(x,) =

o &(MZXZ =MxX, + M)
X2
Volume of solution,

_ M(MXs = MXp + M) L

1000 xd x X,
_ 1000 x n, xdx,
, =
n(MX, = MX, + M)

o o . 1000dx,
’ My + X (M, = My)

Hence, the correct optionis(c).

E The hardness of a water sample

containing 10~ MMgS0,,
expressed as CaCO; equivalents

(in ppm)is......

(molar mass of MgSO0, is 120.37
g/mol) [2020, 9 Jan Shift-II]
Ans. (100)

Hardness in ppm
Mass of CaCO; equivalent to

the total number of moles of

_ hardness causing substances x 108
Mass of water sample
Here, [Mg?"]1=107M

nMgz . =107 per 1L water 01000 g

Mass of 10~ moles of CaC0;=10"* x 100 g
=0.1g

8
10 =100 ppm

O ppm=

10 10.30 mg of 0, is dissolved into a

litre of sea water of density 1.03
g/mL. The concentration of O, in
ppmis [2020, 9 Jan Shift-II]
Ans. (10.00)
Mass of 0, =10.30 mg(Given)
Mass of sea water solution
= volume X density
=1L x1.03g/mL
=1000mL x1.03gmL"'=1030g
opm = massof 0, 08
mass of solution
_1030x107 g x10°
1030¢g

=10 ppm

F What would be the molality of 20%

(mass/mass) agueous solution of

KI?

Molar mass of Kl =166 g mol ')
[2019, 9 April Shift-II]

(a) 1.48 (b) 1.51 (c) 1.35 (d) 1.08

Ans. (b)

Key Idea Molality is defined as number
of moles of solute per kg of solvent.

- W, 1000
Mw, w,

w, =mass of solute



Mw, =molecular mass of solute
w, =mass of solvent.

The molality of 20% (mass/mass)aqueous
solution of Kl can be calculated by
following formula.
w, x1000
m=—+___
Mw, xw,

20% aqueous solution of KI means that
20 gm of Kl is present in 80 gm solvent.

m:ﬁ x@:1.506=1.51mol/kg
166 80

12 The mole fraction of a solvent in

agueous solution of a solute is 0.8.
The molality (in mol kg ") of the
aqueous solution is

[2019, 12 April Shift-I]

(a) 13.88 %1072 (b) 13.88 x10""

(c) 13.88 (d) 13.88 10~
Ans. (c)

Key Idea

Molality () = Mass of solute (w,) x 1000

Molar mass of solute (M,) x
mass of solvent (w,)
=t 5 1000
MW
1000
mxM,
=0.8(Given)
(n)=0.8
n,)=02
1000
nxM,

andalso, m=n, x

Xso\vent
It means thatn

and

solvent
nso\ute(
Using formulam=n, x

=02x——_=13.88mol kg~

0.8x18

1000
1

E A solution of sodium sulphate

contains 92 g of Na™ ions per
kilogram of water. The molality of
Na™ ions in that solution in mol kg_1

IS [2019, 9 Jan Shift-1]
(a) 16 (b) 4
(c) 132 (d) 8
Ans. (b)
) _Number of moles of solute
Molality (m) =
Mass of solvent(in g)
%1000
_ Mass of solute(in g)x 1000
[Molecular weight of solute [
H x mass of solvent(in g)E
w,_ , x1000
~ e :92><100024m0| kg™

MNa+ XWy, o 23x1000

14 The amount of sugar (C ,H,,04;)

required to prepare 2 L of its 0.1M
aqueous solution is
(@)17.1¢g (b)68.44g

(c)136.8g (d)34.2¢g
[2019, 10 Jan Shift-II]

Ans. (b)

Number of moles of solute (n)
Volume of solution(in L)
w,(g)

Mg (g mol™)

Molarity =

Also, n=

O l"IoIari’[y:WB/lv’B

Given, w, =mass of solute (B)in g
Mg = Gram molar mass of
B (CypHy,0)
=342gmol™
Molarity =0.1M, Volume (V) =2L

O gqoWel342

O w,=01x342x29=684g

15 8 g of NaOH is dissolved in 18 g of

H,0. Mole fraction of NaOH in
solution and molality (in mol kg™ ")
of the solution respectively are
(a) 0.2,11.11 (b) 0.167,22.20
(c) 0.2,22.20 (d) 0.167, 11.11
[2019, 12 Jan Shift-11]

Ans. (d)
Mole fraction of solute

number of moles of solute+number of

moles solvent

number of moles of solute

n
- Solute
Xsolute =

Solute + Nsoivent

W solute
Mw Solute

W Solute + Wsoivent
Mw Solute MV‘/Solvem

Given, Wsoiute = WNaoH :89
MW goute = MWyaon =409 mol™!
w Solvent :WHZO = 18g
MW sovent = 188g mol™!

UX soiute =X naoH :%
o420

40 18

02 _02_4167

0.2+1 1.2

Now, molality
_ Moles of solute
(m)

" Mass of solvent(inkg)

W Solute
- Mw Solute

WSo\vent(m g)

8

=40 %1000 =92 x1000=1111mol kg™’
18 18

Thus, mole fraction of NaOH in solution
and molality of the solution respectively
are 0.167 and 11.11molkg ™"

%1000

E A 5.2 molal agueous solution of

methyl alcohol, CH;0H, is supplied.
What is the mole fraction of methyl
alcohol in the solution ? [AIEEE 2011]

(a)0.100 (b)0.190
(c)0.086 (d)0.050
Ans. (c¢)

5.2molal agueous solution of CH;0H
suggests that 5.2 moles of CH;OHare
dissolved in 1000 g of water.

n,(CH,OH)=5.2

n, (h,0)=1290 = 55 56
18
O n, +n, =5.20 + 55.56
=60.76 mol
O XCHSOH = Mole fraction of CH;0H
=M - 52 _g0gs
n+n, 60.76

17 The molality of a urea solution in

which 0.0100 g of urea, [(NH,),CO]
is added to 0.3000 dm? of water at
STPis [AIEEE 2011]

(a)0.555m (b)5.55x10™" m
(c)33.3m (d)3.33x10™* m
Ans. (b)
Molality = moles of solute
kg of water
0010

Moles of urea= 6 mol

Water at STP(d=1g/cm®=1kg/dm?)

=0.3dm’® =0.3 kg

0.010

O  Molality= =5.55%107"m
60 %03

18 The density (in g mL™") of a3.60M

sulphuric acid solution that is 29%
H,S0, (molar mass = 98 g mol ™) by
mass will be [AIEEE 2007]
(a) 1.64 (b) 1.88 (c) 1.22 (d) 1.45
Ans. (c)
Molarity
_ 10 x density x % by wt. of solute
- mol wt. of the solute




3.60 % 98
10 % 29
=1216gML"=1.22 gML™

Density =

Equal masses of methane and
oxygen are mixed in an empty
container at 25°C. The fraction of
the total pressure exerted by

oxygen is [AIEEE 2007]
2 1273

(a) = (b) - x—
3 3 298
1 1

c) = d) =

(c) 3 (d) 2

Ans. (c)

Suppose the equal mass of methane and
oxygen=w =1g
w /32
w/32+w/16
_1/32 _1
3/32 3
Let the total pressure =p
Pressure exerted by oxygen (partial
pressure)

Mole fraction of oxygen =

1
:XOZ * Protal =P Xg

Thus, the fraction of the total pressure
exerted by oxygenis 1/3.

Density of a 2.05 M solution of
acetic acid in water is1.02 g/mL.

The molality of the solution is
[AIEEE 2006]

(a) .14 molkg™  (b) 3.28 mol kg™
(c) 2.28mol kg™ (d) 0.44 mol kg™
Ans. (c)

Molality (m) ="

" x100
1000d - MM,

M=Molarity; M, =Molecular mass

d=density

_ 2.05 x 1000

(1000 x 1.02) - (2.05 x 60)
=2.28mol kg™

Two solutions of a substance
(non-electrolyte) are mixed in the
following manner. 480 mL of 1.5 M
first solution + 520 mL of 1.2 M
second solution.

What is the molarity of the final
mixture ? [AIEEE 2005]

(a) 2.70M (b) 1.34 M
(c) 1.60M (d) 1.20M
Ans. (b)

The molarity of the resulting solution is
given by

MV; + MY,
Vi+V,

_1.5x480+1.2%x520

© 480+520

Total molarity =

1.34 M

22 6.02 x 10%° molecules of urea are
present in 100 mL of its solution.
The concentration of urea solution
is (Avogadro constant,

N, =6.02x10°° mol™')  [AIEEE 2004]

(a) 0.001M (b) 0.01M
(c) 0.02M (d) 0.1M
Ans. (b)

Avogadro’'s number, N 4

=6.02 x 10%° molecules = Tmol
06.02 x 10%° molecules = 0.00Tmol in
100 mL or(0.1L) solution

. mol
[OMolar concentration =

volume in litre

:O'O]m: 0.01M

23 To neutralise completely 20 mL of
0.1M aqueous solution of
phosphorous acid (H;P05), the
volume of 0.1 M agueous KOH
solution required is [AIEEE 2004]

(a) 10 mL (b) 20 mL
(c) 40 mL (d) 60 mL
Ans. (c)

H ;PO isadibasic acid (i.e., contains two
jonisable protons attached directly to 0).

H,PO; = 2H" + HPQO%”
O 0.1MHP0;=0.2 N H;PO;
and 0.1MKOH=0.1NKOH
NV = N, Y,
(KOH)  (H 5 PO4)

0.1V,=0.2x20; V,=40mL

24 25 mL of a solution of barium
hydroxide on titration with 0.1
molar solution of hydrochloric acid
gave a titre value of 35 mL. The
molarity of barium hydroxide
solution was [AIEEE 2003]
(a) 0.07 (b) 0.14
(c) 0.28 (d) 0.35
Ans. (a)

Let molarity of Ba(OH), =M,
O Normality =2 M,
Molarity of HCI =0.1M=0.1N,
NV, =N,V
2M, x25=0.1x35
M, =0.07M

25 Which of the following
concentration factor is affected by
change in temperature? [AIEEE 2002]

(a) Molarity (b) Molality
(c) Mole fraction (d) Weight fraction
Ans. (a)

Molarity gets affected as it is the number
of moles per unit volume (volume
increases with increase in temperature).

TOPIC 2
Henry’'s Law and
Raoult’'s Law

E CO, gas is bubbled through water

during a soft drink manufacturing
process at 298 K. If CO,, exerts a
partial pressure of 0.835 bar then
x m mol of CO, would dissolve in
0.9 L of water. The value of x is
......... .(Nearest integer)

(Henry's law constant forCO, at
298 K is 167 x10° bar)
[2021, 25 July Shift-1]
Ans. (25)
According to Henry's law,
Peo, =Ku Xeo,
Peo, Ky and Xqq, are pressure of CO

gas. Henry's constant and mole fraction
of CO respectively.
Peo !
] Xog, =—2 1)
co, K,
Given, K, =0.835x2 x10° bar
=1.67 x 10° bar
Pgo, =0.835bar
Put all values in equation (i), we get
0.835

0.835%10° x2
Xeo, =065x107°
Volume of water=09L =900 mL
Density of water=1g/mL
Mass of water =density x volume =900 g

So, number of mole of water
_900
1

o,

=50 moles

n
_ %% _gpx107®

Nco, + My,0

So,

Neg, << H,0 =50 moles
So, "CO, + ny, o ="H,0
Neo, =0.5x107° x50
=25x107* mol
Millimoles of CO, =0.025x1000 =25



27 The vapour pressures of A and B at

25°C are 90 mm Hg and 15 mm Hg
respectively. If A and B are mixed
such that the mole-fraction of A in
the mixture is 0.6, then the mole
fraction of B in the vapour phase is
xx107". The value of X s ......... .

(Nearest integer)
[2021, 20 July Shift-II]

Ans. (1)
Partial pressure of A, p,: =90 mm of Hg
Partial pressure of B, p; =15mm of Hg
Mole fraction of A, X, =06
Mole fraction of B, X ; =04
Total pressure,

Pr=Xa pa+ XBP;

=(0.6 x90) +(04 x15)

=54+6=60mm
Now, mole fraction of B in vapour phase,
ie. Y, = Ps _XgPp =01=1%x10"
pr 60
x=1

E At 20°C, the vapour pressure of

benzene is 70 torr and that of
methyl benzene is 20 torr. The
mole fraction of benzene in the
vapour phase at 20°C above an
equimolar mixture of benzene and
methyl benzene is...... x1072,
(Nearest integer)

[2021, 20 July Shift-1]
Ans. (78)
V§pour pressure of pure benzene,
ps =70 Torr
Vapour pressure of pure methyl
benzene, p, =20 Torr
This mixture is equimolar, so, number of
moles of benzene, n, =number of moles
of methyl benzene, n

Mole fraction of benzene in vapour
phase,

where p, is pressure of benzene in
mixture.

Pa= PaXa
Mole fraction n
— 0 My _ o A _Pa
=p, x =p, x A =Fa
n,+ng N 2
A

p; is total pressure,
pT = PaXa + pBXB =Pa +pB
(pressure of methyl benzene)

b B st

LI 2
Putting in above equation (i),
70
-2 10
YAT170+20) 9o
2

y,=078=78 x107?

At 300 K, the vapour pressure of a
solution containing T mole of
n-hexane and 3 moles of n-heptane
is 550 mm of Hg. At the same
temperature, if one more mole of
n-heptane is added to this solution,
the vapour pressure of the solution
increases by 10 mm of Hg. What is
the vapour pressure in mm Hg of

n-heptane in its pure state ........... ?
[2020, 4 Sep Shift-1]

Ans. (600)

Given,

Vapour pressure of solution =550 mmHg
Mole of hexane (n,,,) = 1mol

Mole of heptane (n,,,) =3 mol

From Raoult’s law,

Vapour pressure in solution =vapour

pressure of pure solvent x mole fraction
p=p°X

Here, vapour pressure of solution =p,

vapour pressure of pure solvent =p°and

mole fraction =¥

Total vapour pressure of solution,
—_ o o
Protal = P hex Xnex +p hep Xhep

Case | Mole fraction of hexane,

1
Xhex =m =025
Mole fraction of heptane,
_ 3 _
Xhep i3 =0.75
P=P%ex025 + pq, X075
550 = p°,,025 + p%, x0.75 i)

Case Il According to question, when 1
mole of heptane added and vapour
pressure increased by 10 mm of Hg.

Mole fraction of hexane,
1
=——=020
Xhex T+4
Mole fraction of heptane,

_ A4
Xoep = 7, =080
p= pohex Xhex + pohep Xhep

Vapour pressure increased by 10 mm of
Hg then p=560

0 560=p,020 +p,,,0.80 i)
Eq. (i) multiplied by0.20
0 550 x0.20 =(0.25 x0.20)pS,,
+(0.75 x020)py,,
O 110 =005p;, +0.15085, i)
Eq. (ii) multiplied by 0.25,
0 560 x0256=(020 x0.25)pS,,
+(0.8 x025)py,
140 =0.05p;,, +020p;,, Aiv)
Now, Eq. (iii)and Eq. (iv)
0 0.050,, +0.15p5,, —0.05p,,
-020p:,, =110 - 140
0 0.15p,,, =020y, = =30
- 005p.5- 30
O B =2 =600 mm of Hg
0.05

Thus, vapour pressure of pure n-heptane
(Biyep) is 600 mm of Hg.

Henry's constant (in kbar) for four
gasesa, 3, yand din water at 298 K
is given below :

a B Y 1)

Ky (50 | 2 | 2x107° 05

(density of water =10° kg m ™ at
298 K). This table implies that
[2020, 3 Sep Shift-I]
(a) ahas the highest solubility in water
at a given pressure
(b) solubility of yat 308 K is lower than
at298 K

(c) The pressure of a55.5 molal solution
of yis 1bar
(d) The pressure of a55.5 molal solution
of 8is 250 bar
Ans. (d)
Henry's equation for solubility (S) of a gas
(B)in aliquid is expressed in terms of
mole- fraction of the gas(x ;) at a given
temperature,
p=Ky XXg =Ky xS
So, solubility of gas, S DKL at T(K) and
H
given pressure.
Order of solubility of the gases (high the
value of K, lower is the solubility) :
y>6>B>a
So, option(a)is not correct.
Again, K|, Otemperature, i.e. solubility of
the gas will decrease with increase in
temperature also.
But this conclusion cannot be drawn from
table.
So, option(b)is not correct.



We know, mole-fraction of a solute(B)in
a binary aqueous solution,
_ 18m
Xz

1000+ 18m
[*-m=molality]
Foryat m=555molal
p=KYxm=(2x107°)
O 18x555 [
xg——"°° 0
1000 + 18 x 55.5[]
=1.81x10° Kbar=1.8 x 1072 bar

So, option(c)is not correct.
Fordat m=55.5molal

O 18x555 E

o °2-°>°

1000 + 18 x 55,500
=0.2498k bar =250 bar

So, option(d)is correct.

p=KS =(0.5) x

At 35°C, the vapour pressure of
CS, is 512 mm Hg and that of
acetone is 344 mm Hg. A solution
of CS, in acetone has a total
vapour pressure of 600 mm Hg.
The false statement amongst the
following is [2020, 7 Jan Shift-1]
(a) Raoult'slaw is not obeyed by this
system
(b) CS, and acetone are less attracted to
each other than to themselves
(c) amixture of 100 mL CS, and 100 mL
acetone has avolume <200 mL
(d) heat must be absorbed in order to
produce the solution at 35°C
Ans. (c)
The incorrect statement among the
given statementsis(c)and the
explanation of all the statementsis as
follows :
According to Raoult’s law, vapour
pressure of the solution p, (ideal vapour
pressure)=p,° +(p,° = p, °)xg
(A =solvent : acetone, B =solute : CS,)
Given; p,°=344mm Hg.
pg°=512mm Hg.
O Py =344+(512 =344)x,
or pig =344 +168x,
and so,0<x,<1.
Also, total vapour pressure (p)
=600 mmHg
O Forany value of x,, p>pyy.
Since p# p,4. S0, option(a)is correct.
Option(b)is also correct. Since p> p,4,
(i.e. positive deviation) therefore
attractive force between CS, and
acetone is weaker than CS, — CS, or
acetone-acetone attraction.

32

33

Option(c)isincorrect as for positive
deviation, AV >0 because final volume of
solution must be greater than the sum of
volumes of components taken.
Option(d)is correct. Since, in such
solution, A, His positive because
energy isrequired to break AJ Aand
B0 Bbonds.

Two open beakers one containing a

solvent and the other containing a

mixture of that solvent with a

non-volatile solute are together

sealed in a container. Over time

[2020, 7 Jan Shift-Ii]

(a) the volume of the solution decreases
and the volume of the solvent
increases

(b) the volume of the solution does not
change and the volume of the
solvent decreases

(c) the volume of the solution increases
and the volume of the solvent
decreases

(d) the volume of the solution and the
solvent does not change

Ans. (c)

Liquids==Vapour

Only solvent-It has
more vapour
pressure

Solvent + non-
volatile solut-It has
less vapour pressure

If anon-volatile solute isadded to a
solvent to formasolution, the vapour
pressure gets decreased.

OAccording to Raoult's law, if vapour
pressure of pure solvent is p°, vapour
pressure of solvent in solution (p) is
=p°ldy.

U p<p®

Since, vapour pressure of solutionis
less, there will be net backward reaction
[i.e.vapour - liquid]in that beaker.
Thus, itsvolumeincreases.

In another beaker containing only net
reaction is forward,

Thus, volume decreases.

A graph of vapour pressure and
temperature for three different

liquids X, Y, and Z is shown below :
[2020, 8 Jan Shift-1]

o 800 X 4 V4
2~ 500
8P
Sc 400
éé 200
g
0 293 313 333 353
Temp ——

The followinginference are made:
A. X has higher intermolecular
interactions comparedtoY.
B. X has lower intermolecular
interactions comparedtoY.
C. Zhas lower intermolecular
interactions comparedtoY.

The correct inference(s)is/are :

(a)(C) (b)(B)
(c)(A) (d)(A)and(C)
Ans. (b)

From given graph it can be seen that , X
has higher vapour pressure as compared
toY at lower temperature (or to attain
same vapour pressure, Y need higher
temperature than X). It means that
intermolecular interactions must be
weaker in X as compared to Y, which
further must be weaker than Zby the
same reason also. Hence, option(b)is
correct.

3_4 The vapour pressures of pure

liquids A and Bare 400 and 600
mmHg, respectively at 298 K. On
mixing the two liquids, the sum of
their initial volumes is equal to the
volume of the final mixture. The
mole fraction of liquid Bis 0.5 in the
mixture. The vapour pressure of
the final solution, the mole
fractions of components Aand Bin
vapour phase, respectively are
[2019, 8 April Shift-I]

(a)450 mmHg, 0.4, 0.6
(b) 500 mmHg, 0.5, 0.5
(c) 450 mmHg, 0.5,0.5
(d) 500 mmHg, 0.4,0.6
Ans. (d)
According to Dalton’s law of partial
pressure ptota\ =Py + pB

=PZ\XA+P;XB A1)
Given, p, =400 mm Hg, p;, =800 mm Hg

Xg =05 X tX5 =1

O x ,=05b
On substituting the given values in Eq. (i).
We get,
Prors =400 x0.5+600 x0.5 =500 mm Hg



Mole fraction of A in vapour phase,
=04
ptotal 500
Mole of B in vapour phase,
YatYg=1
Yg=1-0.4=06

ptota\

E For the solution of the gasesw, x, y

and z in water at 298 K, the Henry's
law constants (K )are 0.5, 2, 35
and 40 K bar, respectively. The

correct plot for the given data is
[2019, 8 April Shift-11]

z
4

X w

(0, 0) Mole fraction
of water

&
Partial pressure

X

C
Partial pressure
<

w

(0, 0) Mole fraction

of water
o z
5
I
@ y
© &
IS
% X
o
w
(0, 0) Mole fraction
of water
z
y
X

=
Partial pressure

(0, 0) Mole fraction
of water
Ans. (a)
According to Henry's law (at constant
temperature)
= KH x Xgas(so\ute)
= KH X [1 _XHZ O(So\vent)]
Pgas =Ky =Ky Xi,0
Pqas = Partial pressure of the gas above
its solution with a liquid (solvent)
say water.

Pgas

Xqas =Mmole fraction of the gas (solute)in
the solution.
Xu,o =mole fraction of water (solvent).

Pgas Pgas
KH ”””””””””””” KH
XHZO:O X0 0
Xgas™ 1 Xgas:O

[i.e. pgas =K, JHigher the value of Ky,
higher

will be the partial pressure of the gas
(pgas): @t a given temperature. The plot of
Pgas VS Xi, 0 9ives a(-ve)slope.

Pgas =Ky =Ky *Xi,0
Comparing the above equation with the
equation of straight liney =mx + ¢
Slope = =K\, , intercept =K,

So, (i)Higher the value of K|;, more (-ve)
will be the slope and it is for

z (K, =40Kbar)

(i) Higher the value of K;, higher with the
value of intercept, i.e. partial pressure
anditisalso for z.

Liquid M and liquid N form an ideal
solution. The vapour pressures of
pure liquids M and N are 450 and
700 mmHg, respectively, at the
same temperature. Then correct
statement is [2019, 9 April Shift-I]

Xy =mole fraction of Min
solution;
Xy =mole fraction of N in solution;
yu =mole fraction of Min vapour
phase;
yy =mole fraction of N in vapour
phase
(a) 22> 20
XN YN
(b) X =01t
XN YN
(c) Xt ¥
XN YN
(d) (XM _yM) <(XN _yN)
Ans. (a)

Key Idea For asolution of volatile liquids
the partial vapour pressure of each
component of the solution is directly
proportional to its mole fraction present
in solution. This is known as Raoult's law.

37

Liquid MandN form an ideal solution.
Vapour pressures of pure liquids Mand N
are 450 and 700 mm Hg respectively.

O P> Py
So, by using Raoult's law

V> Xy 1)
and Xy > Yy . (if)

Multiplying (i)and (ii) we get
R ES T RAY
O Xi>yi
X Yn

Thus, correct relation is(a).

Which one of the following
statements regarding Henry's law is
not correct?

(a) Different gases have differentK,,

(Henry's law constant)values at the

same temperature

Higher the value of K|, at a given

pressure, higher is the solubility of

the gasin the liquids

(c) Thevalue of K|, increases with
increase of temperature andKy, is
function of the nature of the gas

(d) The partial pressure of the gas in
vapour phase is proportional to the
mole fraction of the gas in the
solution [2019, 9 Jan Shift-1]

Ans. (b)
At constant temperature, solubility of a

gas(S)varies inversely with Henry's law
constant(K,,)

(b)

Pressure

"~ Solubility of a gas in a liquid

P
S

Thus, higher the value of K, at a given
pressure, the lower is the solubility of
the gasin the liquid.

Liquids Aand Bform an ideal
solution in the entire composition
range. At 350 K, the vapour
pressures of pure Aand pure Bare
7%10° Paand 12 x10° Pa,
respectively. The composition of
the vapour in equilibrium with a
solution containing 40 mole
percent of A at this temperature is
(a) x, =0.76; x; =024
(b) x, =028; x5 =0.72
(c) x, =04; x5 =0.6
(d) x, =0.37; x5 =0.63
[2019, 10 Jan Shift-1]
Ans. (b)
Forideal solution,
PEXapat X'50%
X', =04 x', =08



p°,=7x10°Pa, p°,=12x10°Pa
On substituting the given values in Eq. (i),

we get ; .
p=04x7x10" +06 x12 x10

=10 x10°Pa=1x10"Pa
In vapour phase,
Pa _X'aPh _04x7x10°

X, == =028
o 1x10°

O xg=1-028=072 [ x,+x;=1]
On mixing, heptane and octane

form an ideal solution. At 373 K, the
vapour pressures of the two liquid
components (heptane and octane)
are 105 kPa and 45 kPa,
respectively. Vapour pressure of
the solution obtained by mixing

25 g of heptane and 35 g of octane
will be (molar mass of heptane
=100 g mol ™" and of octane

=114 gmol™). [AIEEE 2010]
(a) 72.0 kPa (b) 36.1kPa
(c) 96.2 kPa (d) 144.5 kPa
Ans. (a)

pr =Xy B+ Xo 05

25/100
N oB00+36/ME

O X, =055

pr =0.45x 105 + 0.55 x 45

=72.0 kPa

E Two liquids X and Y form an ideal

solution at 300 K, vapour pressure
of the solution containing T mol of X
and 3 mol of Yis 550 mmHg. At the
same temperature, if 1mol of Yis
further added to this

solution, vapour pressure of the
solution increases by 10 mm Hg.
Vapour pressure (in mmHg) of X
and Y in their pure states will be,
respectively [AIEEE 2009]
(a) 200and 300  (b) 300 and 400

(c) 400and 600  (d) 500 and 600
Ans. (c)

pT :pAOXA + pBOXB
- o -I o 3
55O—pA XZ+pB ><Z

Thus, pa°+3pg°=2200 i)
When Tmole of Yis further added to the
solution, vapour pressure of a solution

becomes 560 mm Hg.1 .
Thus, 560 =p,° ><g +pg° ><g
Thus,

pA° + 4pg° =2800 i)

On subtracting Eq. (i) by Eq. (i), we get
pg° =2800 -2200
O pg° =600
Putting the value of p,°in Eq. (i)
p,°+3 %600 =2200
p,°=2200 -1800 =400

A binary liquid solution is prepared
by mixing n-heptane and ethanol.
Which one of the following
statements is correct regarding the
behaviour of the solution?
[AIEEE 2009]
(a) The solution formed is anideal
solution
(b) The solution is non-ideal, showing
positive deviation from Raoult's law
(c) The solution is non-ideal, showing
negative deviation from Raoult's law
(d) n-heptane shows positive deviation
while ethanol show negative
deviation from Raoult’s law

Ans. (b)

n-heptane and ethanol forms non-ideal
solution. As a result, n-heptane-ethanol
molecular interaction is very poor in
comparison to ethanol-ethanol or
n-heptane so the resulting gives positive
deviation from Raoult's law.

E A mixture of ethyl alcohol and

propyl alcohol has a vapour
pressure of 290 mm at 300 K. The
vapour pressure of propyl alcohol is
200 mm. If the mole fraction of
ethyl alcohol is 0.6, its vapour
pressure (in mm) at the same
temperature will be [AIEEE 2007]

(a) 350 (b) 300
(c) 700 (d) 360
Ans. (a)

According to Raoult's law,
P=p°aXy+p°pXg
290 =200 x0.4+p°; x0.6
p°g =350 mm

43 Benzene and toluene form nearly

ideal solutions. At 20°C, the vapour
pressure of benzene is 75 torr and
that of toluene is 22 torr. The
partial vapour pressure of benzene
at 20°C for a solution containing

78 g of benzene and 46 g of toluene

intorris [AIEEE 2005]
(a) 535 (b) 375
(c) 25 (d) 50

Ans. (d)

Mixture contains 78 g benzene = 1mol
benzene and 46 g toluene =0.5 mol
toluene

Total moles of benzene and toluene

=1.5mol
Mole fraction of benzene in mixture
:i :g
1.5 3

Vapour pressure of benzene
p; =75 torr
OPartial vapour pressure of benzene
=p°% X,
- 2 _
=75 ><g =50 torr

E Which of the following liquid pairs

shows a positive deviation from
Raoult’s law? [AIEEE 2004]

(a) Water — hydrochloric acid
(b) Benzene — methanol

(c) Water — nitric acid

(d) Acetone — chloroform
Ans. (b)

Water and hydrochloric acid; and water
and nitric acid form miscible solutions.
They show negative deviation.

In case of CH;COCH; and CHCI, there is
interaction between them, thus force of
attraction between CH;COCH,....CHCl; is
larger than between

CHClI;....CHCl3 or CH;COCH;....CH;COCH;
and thus, vapour pressure is less than
expected—a negative deviation.

In case of CH,0H, there is association by
intermolecular H-bonding. When
benzene is added to CH,0H, H-bonding
breaks and thus, force of attraction
between CH;0Hand benzene molecule is
smaller than between CH,OHor benzene
molecules(in pure state). Vapour
pressure of mixture is greater than
expected—a positive deviation.

CH; CH; CH;

0 O+ 0 O+ 0

00 H..0O H..0O H..
65— [ 5- O+

45 If liquid Aand B form an ideal

solution, the [AIEEE 2003]

(a) enthalpy of mixingis zero

(b) entropy of mixing is zero

(c) free energy of mixing is zero

(d) free energy as well as the entropy of
mixing are each zero

Ans. (a)

Forideal solution, AH=0, AV =0;

Fa-a=Fgp=Fyp



46 In a mixture of Aand B, components

show negative deviation when
[AIEEE 2002]
(a) AO Binteraction is stronger than
A Aand B Binteraction
(b) AO Binteraction is weaker than
A0 Aand BO Binteraction
(c) AV, >0,AS >0
(d) AV, =0,AS >0
Ans. (a)
Negative deviation means lower vapour
pressure. It suggests high boiling point,
thus resultant intermolecular force
should be stronger than individual one.

TOPIC 3
Colligative Properties

47 40 g of glucose (Molar mass = 180)

is mixed with 200 mL of water. The
freezing point of solution is ............
K. (Nearest integer)
[Given, K, =1.86K kg mol ™,
density of water=1.00gcm %,
freezing point of water =273.15 K]
[2021, 27 Aug Shift-II]
Ans. (271)
40 g of glucose mixed with 200 mL of
water
180 g of glucose =1 moles of glucose
40 g of glucose mol=0.22 mol
I mL of water =19 of water
[d=1g/cn?, TmL=1cm?]
200 mL of water =200 g of water
AT, =K;m
where, AT, = depression in freezing
point,
K; = molal elevation constant
=1.86 K kg mol ™" and
m = molality of solution

a1, =188%022,, 4000 (1000 =1kg)
200
AT, =2K
0 T -T,)=2

I, =freezing point of water (273 K)O
%’-freezin int of soluti -
= g point of solution 0

273K -T,"=2K
T, =(273-2)K
=271K

E 1kg of 0.75 molal aqueous solution

of sucrose can be cooled up to
—4°C before freezing. The amount

of ice (in g) that will be separated

outis......... .(Nearest integer)

[Given, K;(H,0)=1.86 K kgmol ']
[2021, 27 Aug Shift-1]

Ans. (518)

Let mass of water (initially present)=xg

Mass of sucrose =(1000 = x) g

Moles of sucrose = 1000 X
342
Molality = moles of sucrose
mass of water (initially)
HO%0 X
0.75=2 342 U
X

Cioor

x__ 1000-x
1000 342x0.75
256.5x = 10° - 1000x
O x=795.86¢g
Moles of sucrose =0.5969
New mass of H,0 =a kg
Depression in freezing point

AT, =K, xm
4=0-989 1 g
a
O a=0.2775kg
Ice separated =795.86 - 277.5
=518.3g=518q.

1.46 g of a biopolymer dissolved in a
100 mL water at 300 K exerted an
osmotic pressure of 2.42 x1073 bar.

The molar mass of the biopolymer
(IS x10* g mol ™. (Round off
to the nearest integer)
[Use :R=0.083L barmol "' K™]
[2021, 27 July Shift-1]

Ans. (15)
Using formula; 1 =CRT
T =osmotic pressure,
C =molarity (concentration)
T =temperature of solution

Number of moles of solute

Molarity, C =
Volume of solution(L)
_ Givenmass _ 1.46
Moles=—— "= °°° — "~
Molecularmass M
. _ 146x1000 _ 1460
Molarity = =
Mx100(mL) 100xM
= 1460, 0.083 x300
100x M
Given, T =2.42 x10™bar

Therefore, M=15.02 x 10 g /mol

5 When 3.00 g of a substance ‘X' is

dissolved in 100 g of CCl,, it raises
the boiling point by 0.60 K. The
molar mass of the substance 'X'is
......... g mol . (Nearest integer)

[Given, K, forCCl, is 5.0 Kkg
mol™"] [2021, 25 July Shift-I1]
Ans. (250)
Weight of substance’X'=3.00¢g
Elevation in boiling point, AT, =0.60
K, (boiling constant) of CCl,
=5Kkg mol™!

Weight of compound
_ Molar mass of compound

Volume of solution(in L)
3

- M .
=00 ()

1000
Formula, AT, =K, xmolality
Put value of (i) we get,

Molality (m)

3
060=5x_M [ 0.60=5x>x1000
1000
150 o

0.60M=56x30 0 M=—"—
0.60

[0 Molar mass of substance 'X"is 250 g
mol ™.

Which one of the following 0.06 M
aqueous solutions has lowest
freezing point? [2021, 22 July Shift-I1]

(a)A|2(SOA)3 (b)caH]zoa
(c)KI (d)K,S0,
Ans. (a)

van't Hoff factor of Al,(S0,)5is5
(maximum), so this will have lowest
freezing point.

Depressionin freezing point, AT, =iK:m
where,i =van't Hoff factor
K; =molal depression constant
m=molality
For freezing point to be lowest,

AT, should be highest and thei values are
follows

Solute i
CeHi.0g 1
AL (SO,)4 5 - i highest,
AT, maximum,
T, minimum
Kl 2
K,S0, 3

Hence, for Al5(SQ,); freezing point is
lowest.



52 A solute a dimerises in water. The

boiling point of a 2 molar solution
of Ais 100.52°C.
The percentage association of Ais
<eseeenee . (Round off to the nearest
integer)
[Use : K, for water

=0.52K kgmol ',

boiling point of water =100°C]
[2021, 18 March Shift-11]

Ans. (100)
Given:T, =100.52°C
T, =100°C

0  K,=052Kkgmol™
Elevation in boiling point,
AT, =T, =Ty
AT, =100.62 - 100
AT, =0.562°C
For dimerisation(van't Hoff factor)
. af]
| = D] -=
H 2H

AT, =ixK, xm

052= @ —ng 0.52 x2
2
1

o=
So, percentage association=100%

5 2 molal solution of a weak acid HA

has a freezing point of 3.885°C. The
degree of dissociation of this acid
[ x1075. (Round off to the

nearest integer).

[Given : Molal depression constant
of water = 1.85K kg mol ',

freezing point of pure water =0°C]
[2021, 18 March Shift-I]

Ans. (50)
Given,
Depression in freezing point,
K; =1.85Kkgmol™
T°=0°C
T, =3.885°C
AT, =T, =T
=3.885 -C=3.885°C
AT, =3.885°C
AT, =i xK; xm
3.885 =] x1.85 x2
but, i=(1+a)
3.885=(1+0) x1.85 x2
0 q=0
3.7
O a= 005
a=50x%x10""

54 A1molal K 4Fe(CN)g solution has a

degree of dissociation of 0.4. Its
boiling point is equal to that of
another solution which contains
18.1 weight per cent of a non-
electrolytic solute A. The molar
mass of Ais ....... u. (Round off to
the nearest integer).
[Density of water=1.0g cm =]
[2021, 17 March Shift-II]
Ans. (85)

K,Fe(CN), == 4K* + [Fe(CN)4]*~
Initialconc. 1m0 0
Finalconc. (1-04m 4x04 0.4m

=06m =16m
Effective molality=06 + 16 +04 =2.6 m

As elevation in boiling pointis a
colligative property which depends on
the amount of solute. So, to have same
boiling point, the molality of two
solutions should be same.

Molality of non-electrolyte solution
=molality of K,[Fe(CN)g]=2.6 m

Now, 18.1weight per cent solution means
18.1g solute is present in 100 g solution
and hence, (100 - 18.1=) 819 g water.
Molality

_ (Mass of solute/Molar mass of solute )

Mass of solvent(g)

%1000
18.1/M

81.9/1000

where, Mis the molar mass of
non-electrolyte solute

Molar mass of solute, M=85

Now, 2.6 =

55C ¢Hg freezes at 5.5°C. The

temperature at which a solution 10
g of C,H;y in 200 g of CgHg freeze
R °C. (The molal freezing
point depression constant of C gHg
is5.12°C/m.)  [2021, 24 Feb Shift-11]
Ans. (1)
Pure solvent : CgHg(l)
Given, T, =55°C
K, =5.12°

C/m O m=200g

Msoyte = 10 9
Molar mass of solute

C,Hp =12 x4+10 =58
Solute (C,H,) is non-dissociative;
O i=1
OA T,=iK,m
O (1, -T)=1x512 x_10/58) _
(200/1000)

_512x5x10

55-T'=
58
O T.'=1086°C
or T =1C

% The size of a raw mango shrinks to

a much smaller size when keptin a
concentrated salt solution. Which
one of the following processes can
explain this? [2020, 2 Sep Shift-II]
(a) Osmosis

(b) Dialysis

(c) Diffusion

(d)Reverse osmaosis

Ans. (a)

When araw mango is keptin a
concentrated salt solution, the mango
will shrink because of exo-osmosis.
Mango cell membrane acts as
semi-permeable membrane and its cell
cytoplasm is considered as a solution of
concentration, C,M(say). Let, the
concentration of salt solutionisC, M,
whereC, < C, (mentioned).

So, osmotic pressure developed at salt
solution, 1, will be greater than that at
cell cytoplasm, 11, at a given
temperature.

M, =C,RT
and M, =C,RT
So, solvent molecules (water) will flow
out from mango cells to salt solution
resulting shrinking of mango. This state is
also known as plasmolysis.

57 A cylinder containing an ideal gas

(0.1mol of 1.0dm?)is in thermal
equilibrium with a large volume of
0.5 molal aqueous solution of
ethylene glycol at its freezing point.
If the stoppers S; and S, (as shown
in the figure) are suddenly
withdrawn, the volume of the gas in
litres after equilibrium is achieved
will be .........
(Given, K, (water)=2.0K kg mol ™,
R =0.08dm® atmK 'mol™)

[2020, 9 Jan Shift-II]

Frictionless
piston

.

o

Js ¢ Ideal gas®s
e 06°9©® o 0 o o

aq. ethylene glycol




Ans. (2.18)
K; =2.0(Given) m=0.5m(Given)

AT, =K, xm =2x0.5 =1

O T; = Actual freezing point of wateris —1.
=273 -1=272K.

Pressure of gas after the stoppers are

withdrawn = Tatm (atmospheric

pressure)

O v _ NRT _0.1x0.08x272

p 1 atm

=2176L=2.18L

58 The osmotic pressure of a solution

of NaCl is 0.10 atm and that of a
glucose solution is 0.20 atm. The
osmotic pressure of a solution
formed by mixing 1L of the sodium
chloride solution with 2 L of the
glucose solution is x X107 atm. x is
......... (nearest integer).
[2020, 4 Sep Shift-1I]
Ans. (167)
Osmotic pressure, Tt=i XC xRT
Here, i =van't Hoff factor,
T =temperature
C =concentration and
R =gas constant.
ForNaCl, i =2
SO, Tag =1 XCpger X RT
0.1=2%C\,0 *RT

_005
NaCl ?
Forglucose,i =1becauseit cannotionise
So, ng\ucose =i Xcg\ucose xRT
02=1%C 005 XRT
C :%
glucose RT

(" Nyae =numbers of moles NaCl)

Magt INTL=Cap ¥V
_ 005

litre

o (Myiucose =NUMBber of moles of
glucose)
: 04
nglucose in2L :Cg\ucose XVHtre :ﬁ
Vtotal =1+2=3L
So, final conc.NaCl = %
3RT

) _ 04
Final conc. glucose = ——
3R

T[tota\ = Tli\laC\ + TLE\ucose

= [i ><CNaCI + Cg\ucose] RT
_[Px005, 040 pr_ 05
3RT 3RT 3

=0.1666atm = 1666 x10™° atm
=167.00 x10™> atm
So, x=167.00

59 A set of solutions is prepared using

180 g of water as a solvent and 10 g
of different non-volatile solutes A,B
and C. The relative lowering of
vapour pressure in the presence of
these solutes are in the order

[Given, molar mass of A=100g
mol™'; B=200gmol;
C=10000gmol™']

[2020, 6 Sep Shift-II]

(a)B>C>A (b)C>B>A
(c)A>B>C (d)A>C>B
Ans. (c)

Relative lowering in vapour pressure

RLVP)=P—Ps =y orRLVP
po
_AOp_

T X solute

w
n — moles of solute =—;
M

w

N - moles of solventzﬁ

Given, weight of solvent (water)=180 g
Weight of different non-volatile solute
Wy wgandwe =10

Molar mass of M, =100g mol ™'

M, =200gmol ™'
O M, =10000gmol™’
RLVP for A,
10

PR o

D e — L
Opcf, 10,180

100 18
=07 g1
1
RLVP for B,
0
PH =200 - 005 g4,
Opcfy 10, 180 1005
200 18
RLVP forC,
10
HApH _ 10,000
Oprf,” 10, T80
10000 18
_ 0001 _ 0001
0001+ 10 10001
=0000099

From the above value the relative
lowering of vapour pressure in the
presence of there solute are in the
following order :
O O 0
HAPH  HAPH  HARH
Opf, Op°0p Op° G
Hence, option(c)is correct.

60 1g of a non-volatile,

non-electrolyte solute is dissolved
in 100 g of two different solvents A
and B, whose ebullisocopic
constants are in the ratio of 1: 5.
The ratio of the elevation in their

. . ATL(A) .
boiling points, ,is
AT, (B)
[2019, 10 April Shift-II]
(@)5:1 (b)10:1 (c) 1:5 (d)1:0.2

Ans. (c)
The expression of elevation of boiling

point,
w, x1000 _ .
L X

AT, =K, xmxi=k, x M xw,
where, m=molality
i =van't Hoff factor = 1(for
non-electrolyte/non-associable)
w, =mass of solute ing=1g(presentin
both of the solutions)
M, =molar mass of solute in g mol ™’
(same solute in both of the solutions)
w, =mass of solventing=100g(for both
of the solvents Aand B)
K, =ebullioscopic constant
So, the expression becomes,
AT, 0K,
AT (A) _Kp(A) _1

AT,(B) K,(B) 5
%. Ky(4) _10
ven =—
K,B) 5H

At room temperature, a dilute
solution of urea is prepared by
dissolving 0.60 g of urea in 360 g of
water. If the vapour pressure of
pure water at this temperature is
35 mm Hg, lowering of vapour
pressure will be (Molar mass of
urea=60g mol ')
[2019, 10 April Shift-1]
(b) 0.031mmHg
(d) 0.028 mmHg

(a) 0.027 mmHg
(c) 0.017 mmHg

Ans. (c¢)

Key Idea For dilute solution, lowering of
vapour pressure (Ap) = p°—pand relative

. _Ap
lowering of vapour pressure =

o

which

is a colligative property of solutions.
B0 =y xi DA p= g, xi xp°
p
where, p°®=vapour pressure of pure
solvent
i =van't Hoff factor
X =mole fraction of solute
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Given,

p°®=vapour pressure of pure water of 25°C
=35mm Hg

Xg =mole fraction of solute (urea)

080

_ N _ @0 _ oot

ny+n, 360 080 20+007
18 60

=001 40005

2001

i =van't Hoff factor = 1(for urea)
Now, according to Raoult's law,
Ap=Xgxi xp®
On substituting the above given values,
we get
Ap=0.0005x1x35=0.0175mm Hg

A solution is prepared by dissolving
0.6 g of urea(molar mass =60g
mol ") and 1.8 g of glucose (molar
mass =180g mol ') in 100 mL of
water at 27°C. The osmotic
pressure of the solution is

(R=0.08206L atm K" mol™)
[2019, 12 April Shift-11]

(a)8.2 atm (b)2.46 atm
(c)4.92 atm (d)1.64 atm
Ans. (c)

Key Idea Osmotic pressure is
proportional to the molarity (C) of the
solution at a given temperature(T).

Thus, T OC, Tt = CRT (for dilute solution)
m= NRr
V

For the relation, T =CRT =§ RT

Given, mass of urea=0.6g
Molar mass of urea=60g mol™'
Mass of glucose =1.8g

Molar mass of glucose =180 g mol ™"
o _[n, (urea) + n,(glucose)] RT

E%B + 18

=80 1806, 1900 x0.0821 x300
100

=(0.01+007) x10 x0.0821 x300

T =4.92 atm

Elevation in the boiling point for
1 molal solution of glucose is 2 K.
The depression in the freezing
point for 2 molal solution of
glucose in the same solvent is 2 K.
The relation between K, and K is
(a)K, =15K; (b)K, =05K;
(C)K, =K, (d)K, =2K;

[2019, 10 Jan Shift-I1]

Ans. (d)
Elevation in boiling point
(AT,) =K, xmxij
Depression is freezing point
(AT) =K, xm xi
where, m=molality
For the glucose solution (van't Hoff
factor,i =1),
AT)™ = AT?™ =2K
So, K, x1x1=K; x2 x1
] Ky =2K;

Freezing point of a 4% aqueous
solution of X is equal to freezing
point of 12% aqueous solution of Y.
If molecular weight of X is A, then
molecular weight of Y is

(a)4A (b)2A
(c)3A (d)A

[2019, 12 Jan Shift-1]
Ans. (c¢)

Given, Freezing point of 4% aqueous
solution of X.

=Freezing point of 12% aqueous solution

of Y

or (AT,)y =(AT,)y
Ky xmy =K¢my

where, my and m, are molality of XandY,

respectively.

or my =my

Now,

[-AT, =T, -T,]

Number of moles of solute (n)
Mass of solvent (in kq)
Weight

Molecular mass

_ Wy

- M, x(w

molality =

n=

Wx
M, x (w

solvent)Z
96
=88

so\vent)W
Given, wy =£’andwso\vent)1 =
wy =12andw,
My = A
4x1000 _ 12x1000
M, x86 M, x88
Thus, , = 121000 x Hy 98
4x17000 % 88
_96x12
4% 88
=3.27TA=3 A

solvent),

O

x A

18 g of glucose (C gH,,0¢) is added

to 178.2 g water. The vapour
pressure of water (in torr) for this
aqueous solution is  [JEE Main 2016]

(a)76.0 (b)752.4
(c)759.0 (d)7.6

Ans. (b)
Vapour pressure of water(p°) =760 torr

Number of moles of glucose
Mass(g)

" Molecular mass (g mol™)
189

180 gmol”
Molar mass of water =18 g/mol
Mass of water (given)=178.2g

Number of males of water
Mass of water

Molar mass of water

=0.Tmol

=_78:29 _g9mol
18 g/mol
Total number of moles =(0.1+99) moles
=10moles
Now, mole fraction of glucose in solution
=Change in pressure with respect to
initial pressure
Ap _01
. o o
or Ap=001p°=0.01x760 =76torr
[0 Vapour pressure of solution
=(760 =76)torr
=7524torr

i.e

66 The vapour pressure of acetone at

20°Cis 185 torr. When 1.2 g of a
non-volatile substance was
dissolved in 100 g of acetone at
20°C, its vapour pressure

was 183 torr. The molar mass

(g mol™)of the substance is
[JEE Main 2015]

(a)32 (b)B4
(c)128 (d) 488
Ans. (b)

Given, p, =185torrat20°C
ps =183 torrat20°C

Mass of non-volatile substance, m=1.2g
Mass of acetone taken =100 g

M=7?
As, we have
Po ~ Ps _n
Ps N
Putting the values, we get,
1.2
185-183_ M
183 100
58
2 _1.2x58
183 100xM
0 M:183><1.2><58
2x100

M=63.684 =64 g/ mol
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K, for water is 1.86 K kgmol ™. If
your automobile radiator holds 1.0
kg of water, then how many grams
of ethylene glycol (C ,Hg0,) must
you add to get the freezing point of

the solution lowered to —2.8°C?
[AIEEE 2012]

(a) 72 ¢ (b) 93 g
(c) 39¢g (d) 27 g
Ans. (b)

Coolant s glycol (C,Hg0,) and it is
non-electrolyte.

1 K
AT, =2.8°C O AT, = 1000Kw,
mw,
8= 1000 x 1.86 xw,
62 x 1000
O w,=93.33¢g

Ethylene glycol is used as an
antifreeze in a cold climate.
Mass of ethylene glycol

which should be added to 4 kg
of water to prevent

it from freezing at —6° C will be
(K, for water =1.86 K kg mol™ and
molar mass of ethylene glycol
=62 gmol™") [AIEEE 2011]

(a)804.32 g (b)204.30 g
(c)400.004¢ (d)304.60 g
Ans. (a)

AT, = Freezing point of H,0 - freezing

point of ethylene glycol solution
=0-(-6°) =6°

K; =1.86°K kgmol ™'

w, =Mass of ethylene glycol in grams

w, =Mass of solvent(H,0)in grams

=4000g
m, =Molar mass of ethylene glycol
=62gmol™
AT, = 1000K; w, 06= 1000 % 1.86 xw,
m; w, 62 x 4000
w, =804.32¢
The vapour pressure of water at

20°C is 17.5 mmHag. If 18 g of glucose
(CgH,,0¢)is added to 178.2 g of
water at 20°C, the vapour pressure

of the resulting solution will be
[AIEEE 2008]

(a)17.675 mmHg  (b)15.750 mmHg
(c)16.500 mmHg  (d)17.325 mmHg
Ans. (d)

This problem isrelated to the relative
lowering of vapour pressure as glucose

is a non-volatile solute. Thus, according
to Raoult's law,

pO ~Psolute =X
-0 solute
p
_ 18 _
Moles of glucose = —— =0.1
180
Moles of|-120:171£:9.9
_ 01 _o01
9o T 99401 10
Thus, 175-p; _01
17.5 10
So, ps =17.325mm Hg

% A 5.25% solution of a substance is

isotonic with a 1.5% solution of
urea(molar mass =60 g mol™)in
the same solvent. If the densities
of both the solutions are assumed
tobe equalto1.0g cm™, molar

mass of the substance will be
[AIEEE 2007]

(a) 90.0gmol™  (b) 115.0 gmol™
(c) 105.0gmol™  (d) 210.0 g mol™
Ans. (d)

Osmotic pressure of isotonic solutions
are equal.
Therefore, ;= 1§
O C,RT=C,RT O C,=¢C,
If densities of both the solutions are
equal, then5.25gof asubstanceand 1.5 g
of urea are dissolved in the same volume
of the solvent, thus,

c = 5.25/M

\

[-*M=molecular weight of
unknown substance]

¢, = >25/80
v
n 2BM_15/60 5 y=9100gmol”
v v
18 g of glucose (CgH ;,0¢) is added

to 178.2 g of water. The vapour
pressure of water for this aqueous
solution at 100°C is [AIEEE 2006]
(a) 759.00 torr (b) 7.60 torr
(c) 76.00 torr (d) 752.40 torr
Ans. (d)
According to Raoult's law, relative
lowering of vapour pressure,
po ~ Ps - ﬂ
p° N
760 - pg - 18/180
760 18/180+178.2/18

760 - ps _0.1

760 10
O ps =760-76 =752.40torr

72 Equimolar solutions in the same

solvent have [AIEEE 2005]

(a) different boiling point and different
freezing point

(b) same boailing point and same
freezing point

(c) same freezing point but different
boiling point

(d) same boiling point but different
freezing point

Ans. (b)

Boiling point and freezing point depend
onK, (molal elevation constant) and K
(molal depression constant) of the
solvent. Thus, equimolar solution (of the
non-electrolyte), will have same boiling
point and also same freezing point.

AT, =K, xmolality;

AT, =K, xmolality
Note In this question, nature of solute
has not been mentioned. Hence, we
have assumed that solute is
non-electrolyte.

ﬁ A pressure cooker reduces cooking

time for food because [AIEEE 2003]

(a) heatis more evenly distributed in the
cooking space

(b) boiling point of water involved in
cookingisincreased

(c) the higher pressure inside the
cooker crushes the food material

(d) cookinginvolves chemical changes
helped by arise in temperature

Ans. (b)

Higher pressure inside the cooker
increases boiling point, thus heat
consistently given is used up by food
material instead in boiling and
constant boiling evaporation.

74 For an aqueous solution, freezing

point is - 0.186°C. Elevation of the
boiling point of the same solution is
(K, =1.86° mol ™" kgand

K, =0.512°mol ™ kg)  [AIEEE 2002]

(a) 0.186° (b) 0.0512°

(c) 1.86° (d) 6.12°

Ans. (b)

We know that, AT, =mK,, AT, = mK;
AT, _K, 0512
AT, K, 186

0512

AT, = x 0.186=0.0512°
1.86




TOPIC 4
Abnormal Molecular Masses
and Distribution Law

ﬁ 1.22 g of an organic acid is

separately dissolved in 100 g of
benzene (K, = 2.6 K kg mol ")
and 100 g of acetone

(K, =1.7K kg mol ~'). The acid is

known to dimerise in benzene but
remain as a monomer in acetone.
The boiling point of the solution in
acetone increases by 0.17°C. The
increase in boiling point of solution
in benzene in°Cis x x10™2. The
value of xis ........ (Nearest integer)
[Atomic mass: C=12.0, H=1.0,
0=16.0] [2021, 31 Aug Shift-11]
Ans. (13)

With benzene as solvent, RCOOH
dimerises.

2RCOOH==(RCOCH),
1

O ==
2
AT, =i XK, xm
where, AT, =Dboiling point elevation,
K, =ebulliscopic constant
m = molality
i =van't Hoff factor
AT, _1 x26 x 1.22/M,
2 100/1000

With acetone as solvent, no
dimerisation.

ad i=1
AT, =i xK, xm
L 1.22/M,
100/1000
Eq. (i) divide by Eq. (i),
1o gx 2211,

0.17=1x17

AT, _2 100/1000
017 1x17x1-22/My
100/1000

0 AT, :70'56 =13x107

x=13

% Which one of the following 0.10 M

aqueous solutions will exhibit the
largest freezing point depression ?
[2021, 31 Aug Shift-1]
(b)Glucose
(d)KHSO,

(a) Hydrazine
(c)Glycine

Ans. (d)

The van't Hoff factor (i) is highest for
KHSO, as it dissociate into its ions. van't
Hoff factor is the ratio of total number of
ions produced after complete
dissociation to before dissociation.
Hydrazine, glucose and glycine will not
dissociate to produce ions.
Whereas, KHSO, dissociates into ions.
KHSO, 3- K% HSO,
Hence, i will highest forKHSO,
0 Colligative property i.e. freezing point
depression will be highest forKHSO, as
AT, Oi [-mis constanti.e. 0.1]
Hence, correct option is(d).

In a solvent 50% of an acid HA

dimerises and the rest dissociates.

The van't Hoff factor of the acid is

............ x1072.

(Round off to the nearest integer)
[2021, 27 July Shift-I1]

Ans. (125)

1 mole of acid HA.

Dimerisation 2HA =——=H,A,

Initial 0.5 0
Final 0 0.25
Dissociation
HAT=—H"+ A"

Initial 0.5 0 0
Final 0 05 05
van't Hoff factor(i)=7':l.n.aI moles

Initial moles
_025+05+05

1

=125=125x1072

% 83 g of ethylene glycol dissolved in

625 g of water. The freezing point
of the solutionis ......... K. (Nearest
integer)
[Use, molal freezing point
depression constant of water
=1.86 K kgmol ™',
Freezing point of water=273 K
and Atomic masses: C=12.0u, 0
=16.0u, H=1.0u]
[2021, 26 Aug Shift-II]
Ans. (269)
AT, =iK, xm

For ethylene glycol,i =1
Number of moles of solute

Weight of solvent (kg)
«(83%1000 _ ¢ oo

62 x625

Molality (m) =

AT, =1x1.86

Freezing point of solution =Freezing
point — AT, of water

=273 -3.98=268.

E Of the following four aqueous

solutions, total number of those
solutions whose freezing point is
lower than that of 0.10 MC,H_OHis
............ .(Integer answer)
(i) 0.10 MBa4(PO,),

(ii) 0.10 MNa,SO,
(iii) 0.10 M KCI
(iv) 0.10 MLisPO,

[2021, 26 Aug Shift-1]
Ans. (4)
As 0.10 M C,H,OHis non-dissociative in
nature and all salts [0.10 MBa4(PO,),,
0.10 MNa,S0,,
0.10 MKCI, 0.10 MLi4P0, ] are electrolyte
and dissociative in nature.

AT, =iK;m
Whereiis van't Hoff factor.
i =1for C,H.OH(no dissociation)
i>1 forall other electrolytes
where dissociation takes place.
So, for all these electrolytes effective
molarity is more than 0.10. So, all the
elecrolytes given will have low freezing
point.

% The water having more dissolved

0,is [2021, 22 July Shift-II]
(a)boiling water  (b)water at 80°C
(c)polluted water (d)waterat4°C
Ans. (d)

At 4°C, the water have more dissolved
0,. Since, dissolution of 0, gas in water is
an exothermic process, and solubility of
oxygen in water is high, at lower
temperature. Onincreasing
temperature, solubility of gas decreases
and water pollution also decrease the
solubility. First, the solubility of oxygen
increases as temperature decreases i.e.
warmer surface water requires less
dissolved oxygen to reach 100% air
saturation than cooler water.

When 12.2 g of benzoic acid is
dissolved in 100 g of water, the
freezing point of solution was
found to be - 0.93°C

(K,(H,0)=1.86 K kg mol ™). The
number (n) of benzoic acid
molecules associated

(assuming 100% association) is
[2021, 26 Feb Shift-Ii]



Ans. (2)
nPhCOOH ™™™ (PRCOOH),

Benzoic acid

Assuming 100% association(a = 1),

O iﬂ—(x@\—l@:l (g +1]
n n
Now, AT, =K, xmxi
1000
0-(093) =1.86xV8" 00, 1
WpaxMg 0

[-w, =mass of PhCOOH =12.2¢g
w, =mass of H,0=100¢g
Mg =molar mass of PhCOOH]
=122g mol™
186 2:2%1000 1
100%x122 n
= 1.86x12.2x1000 )
093x100 %122

00 Number of benzoic acid molecules
associated, n=2

If a compound AB dissociates to
the extent of 75% in an aqueous
solution, the molality of the
solution which shows a 2.5 Krise in
the boiling point of the solution is
......... molal. (Rounded off to the
nearest integer)
[K, =0.52 K kg mol ']
[2021, 25 Feb Shift-II]
Ans. (3)
As AB'is a binary electrolyte,
0 AB=—A"+B ,n=2
i=1+a(n-1=1+"L2(@ -)=175
100

Given, AT, =2.5K
K, =0.52 Kkgmol™
0 A T, =K, xmxi
AT, _ 25

g m= = =
Ky xi 052x175

=2.74=3 mol/kg

1 molal agueous solution of an
electrolyte A,B; is 60% ionised.
The boiling point of the solution at
Tatmis coeeenen. K(Rounded off to
the nearest integer). [Given, K, for
(H,0)=0.52 K kgmol ']

[2021, 25 Feb Shift-1]

Ans. (375)
Given, K ,(H,0)=0.52K kg mol™
AB; 0. 2A% 3B

No. of ions, n=5, concentration, m=1
molal (Given)

AT, =i R,
=[(1+(n=Nal xK, xm
AT, =[(1+(5-106] x0.52 x1
=(1+24) x0.52
AT, =1768
T, =1.768 + 373.15
=37481=375K

8_4 The elevation of boiling point of

0.10 m aqueous CrCl; XNH;
solution is two times that of 0.05 m
aqueous CaCl, solution. The value
of xis ....... .

[Assume 100% ionisation of the
complex and CaCl,, coordination
number of Cras 6, and that all
NH; molecules are present inside

the coordination sphere]
[2020, 6 Sep Shift-I1]

Ans. (5.00)

AT, =i xmxK,
ForCaCly, i =3, mc,g, ) =0.05m
O A T& % 00% K,=0.15K,
Molality of CrCl; ¥NH; =0.1m
o A Té =ixmxK, =0.1iK,
Given that : 0.1iK, =2 x0.15 XK,
i =3and coordination number is 6.
Thus, complex will be [Cr{NH;), CIIC,
g x=5
Hence, the correct answer is 5.

g How much amount of NaCl should

be added to 600 g of water
(p=100g/mL)to decrease the
freezing point of water to —0.2°C?
...... (The freezing point depression

constant for water =2 K kg mol ")
[2020, 9 Jan Shift-I]

Ans. (1.76)
AT, =i xm fo:I XKy Xw o 1000
Myaci * Wi, 0
(=58.5)
x 1000
(m:molality)zwei
g X Wa

AT, =0.2because freezing point
=-0.2°C

K, of water2 K kg mol™ (Given)

i =van't Hoff factor, for NaCl =2

AT % Myacr Wy, 0
ixK; x1000

_02x585x600 _
2x2 %1000

OWyae =

1.7559=1.76 g

86

The osmotic pressure of a dilute
solution of an ionic compound XY in
water is four times that of a
solution of 0.01MBaCl, in water.
Assuming complete dissociation of
the given ionic compounds in
water, the concentration of XY (in

mol L") in solution is
[2019, 9 April Shift-1]

(a) 4 %1077 (b) 16 107"
(c) 4 =107 (d) 6x107?
Ans. (d)

Key Idea Osmotic pressure is
proportional to the molarity (C) of the
solution at a given temperature, 1 =CRT

Concentration of BaCl, =0.01M  (Given)
Ty =4 Ty, (Given)
iXCRT =4 xj xCRT i)

For the calculation of i,
XY@ X+ vo (Here,i=2)

BaCl, 3- Ba’¥ 2CI~ (Here,i=3)
Putting the values of i in (i)
2x[XY]=4x3 x[BaCl, ]
2x[XY]1=12x001
[XY]= 12x20.01

So, the concentration of XY
=0.06mol L’

=6x107% mol L™

Molal depression constant for a
solvent is 4.0 Kkg mol . The
depression in the freezing point of
the solvent for 0.03 mol kg B
solution of K,S0, is

(Assume complete dissociation of
the electrolyte) [2019, 9 April Shift-11]

(a) 0.18 K (b) 0.36K
(c) 0.12K (d) 0.24K
Ans. (b)

Key Idea Depression in freezing point
(AT.)is given by AT, = iK;m
i =vant Hoff factor

K; =molal depression constant

m=molality
K; =40Kkgmol™ (Given)
m=003mol kg™ (Given)
AT, =7
ForK,S0,,i=3

It can be verified by the following
equation :

K,S0, == 2K" +S0%~
Using formula
AT, =iK; xm

=3 x4x003=036K



88 A solution contain 62 g of ethylene

glycol in 250 g of water is cooled
upto 10°C IfK, for water is 1.86 K
kg mol ", then amount of water

(in g) separated as ice is
[2019, 9 Jan Shift-1i]
(a)32 (c)64  (d)16
Ans. (c)
Considering the expression of the
depression in freezing point of a solution,
AT, =K, xm xi
17 -7 =k, x"eX1000 ;o p)
Mg X w,(in g)
Here, T, =0°C, T, ==10°C
w, =mass of ethylene glycol=62g
Mg =molar mass of ethylene glycol
cHOcH
O O
OH  OH

(b)48

g
]
u]
O

(mmn}
OoOmoo

=62gmol™
w, =mass of water in g as liquid solvent,
i =van't-Hoff factor =1
(for ethylene glycol in water)
K; =1.86 K kg mol ™!
On substituting in Eq. (i), we get
62 %1000

0-(=10) =186 x————"—x
B2 xw,
_ 186 x62 %1000
O PRt
10 x62
=186g

So, amount of water separated as
ice (solid solvent)

=250 —w, =(250 —186) g =644

5 The freezing point of a diluted milk

sample is found to be —0.2° C, while
it should have been —0.5°C for pure
milk. How much water has been
added to pure milk to make the
diluted sample?

(a) 2 cups of water to 3 cups of pure milk
(b) 1cup of water to 3 cups of pure milk
(c) 3 cups of water to 2 cups of pure milk
(

d) 1cup of water to 2 cups of pure milk
[2019, 11 Jan Shift-1]

Ans. (¢)
We know that,
Depression in freezing points(AT;)

T° =T, =K, xm xi
where, K, =molal depression constant
solute %1000
X W

m=molality =
solute solvent(ing)

i =van't Hoff factor

For diluted milk

AT, =K, xm, xi
0 0-(02002
=K, Wi X 1000
M % W(H,0)
For pure milk
ATy =K xm, xi
0 0-(-0.5) =0.5 =K;
Wi X 1000
Mt X W, (H,0)
S0, 02 _K¢ Wi X 1000
05 K, M xw,(H0)
o« Mtk xw,(H,0)
m\\K %1000
_w,(H0)
w;,(H,0)

w, (H,0)(in pure milk) _ 2

w, (H,0)(indiluted milk) 5

i.e. 3 cups of water has to be added to 2
cups of pure milk.

9_0 K,Hal, is 40% ionised in aqueous

solution. The value of its van't Hoff

factor (i) is [2019, 11 Jan Shift-11]
(a) 1.6 (b) 1.8

(c) 2.2 (d) 2.0

Ans. (b)

The ionisation of K,Hgl, in agueous
solution is as follows:

K,[Hgl,1¥=="2K" + [Hgl,I*~
van't Hoff factor (i) for ionisation reaction
isgivenas,i=1+a(n-
where, n=number of ions,

o =degree of ionisation or
dissociation

From above equation, it is clear thatn=3
i=1+0.43-1)
[Given, %a=40%ora=04]=1.8

Molecules of benzoic acid
(C¢H,COOH)dimerise in benzene. "
w g of the acid dissolved in 30 g of
benzene shows a depression in
freezing point equal to 2 K. If the
percentage association of the acid
to form dimer in the solution is 80,
thenwis
(Given thatK, =5K kgmol~ ! molar
mass of ben20|c acid =122 g mol™ ]
[2019, 12 Jan Shift-I(]
(a) 1.8g (b) 1.0g (c) 2.4g (d) 1.6g
Ans. (c)
Molecules of benzoic acid dimerise in
benzene as:

2(CgH, COOH) === (C,H, COOH),

Now, we know that depression in
freezing point(AT,)is given by following
equation:

AT, =i xK; xm
—i XK ><Wso\ute %1000 (I)
MWso\ute Wso\vemt
Given, wg,, (benzoic acid)=wg
Wsolvent(benzene):30 g
MW e (bENZOIC acid) =122 gmol ™'
AT, =2K

K; =5Kkgmol™',%a =800ora=0.8
2(CgHCOOH) ===(C4 H - COOH),

Initial 1

Final  1-a 0(/2
=1-0.8=02 0.8/2 = 0.4
Total number of moles at equilibrium

=0.2+0.4=0.6

_ Number of moles at equilibrium

Number of moles presentinitially
i=98-05
1
On substituting all the given values in Eq.
(i) we get
_06x5xwx=1000

122x 30

Thus, weight of acid (w)is 2.4
g.Molecules of benzoic acid dimerise in
benzene as:

2(C¢H.COOH) ===(C;H.COOH),

. w=244g

For 1 molal aqueous solution of the
following compounds, which one
will show the highest freezing

point? [JEE Main 2018]
(a)[Co(H,0)g1ClI5
(b)[Co(H,0)CI]Cl, H,0
(c)[Co(H,0),Cl,]CI2H,0

[ )5C

(d)[Co(H,0);Cl31[3H,0
Ans. (a)

Key Idea “Addition of solute particles to
a pure solvent results to depression in
its freezing point.”

All the compounds given in question are
ionic in nature so, consider theirvan't
Hoff factor (i) to reach at final
conclusion.

The solution with maximum freezing
point must have minimum number of
solute particles. This generalisation can
be done with the help of van't Hoff factor
(i) i.e.

Number of solute particles Ovan't Hoff
factor (i)

Thus, we can say directly

Solution with maximum freezing point
will be the one in which soluste with
minimum van't Hoff factor is present



Solutions

Now, for
Co(H,0)5 1Cl; === [Co(H,0) 1" +3CI-
van't Hoff factor (i) is 4. Similarly for,
[Co(H,0), CIICl, B,0~—=

[ColH,0), CIF* +2CI” Tis3
[Co(H,0),Cl, ]CI2H,0 ==

[Co(H,0),Cl,]1" +CI™ 7is 2

and for[Co(H,0);Cl;]CBH,0, T'is Tas it
does not show ionisation.
Hence, [Co(H,0);Cl;]3H,0 have
minimum number of particles in the
solution.
So, freezing point of its solution will be
maximum.

E The freezing point of benzene

decreases by 0.45°C when 0.2 g of
acetic acid is added to 20 g of
benzene. If acetic acid associates
to form a dimer in benzene,
percentage association of acetic
acid in benzene will be (K, for

benzene =5.12K kg mol"ﬁ)
[JEE Main 2017]
(a)B4.6 % (b)80.4 %
(c)74.6 % (d)94.6 %
Ans. (d)

et the degree of association of acetic
acid(CH;COOH) in benzene isa, then

2CH;CO0H==— (CH;COQ0H),

Initial moles 1 0
Moles at 1-a a
equilibrium 2

0 Totalmoles=1-a +2 =1 s
2 2

or i=1-9%
2
Now, depression in freezing point(AT,) is
given as
AT, =iKim ...(0)
where, K, = molal depression constant or
cryoscopic constant.
m=molality
number of moles of solute

Molality =
weight of solvent(in kq)
_02 1000
60 20
Putting the values in Eq. (i)
a 02 10000
0 045=H-2H512) =5 x———
E 25 Bo 20
_a _ 045x60x20
2 512x02x1000
0o 1-==0527

a
2

0 % =1_0527
2

O o= 0946
Thus, percentage of association =946%

94 Consider the separate solution of

0.500MC,H.OH (aq), 0.100 M
Mg5(PO,), (aqg). 0.250 M KBr (aq)
and0.125MNa;P0,(aq) at 25°C.
Which statement is true about
these solutions, assuming all salts
to be strong electrolytes?

[JEE Main 2014]

(a) They all have same osmotic pressure

(b) 0.100 M Mg4(PO,), (aq) has the
highest osmotic pressure

(c) 0.126 MNa;P0O,(aq) has the highest
osmotic pressure

(d) 0.5000 M C,H.0H (aqg) has the
highest osmotic pressure

Ans. (a)
Osmotic pressure, Tt =i x MRT
Where, i =van't Hoff factor, M=Molarity
R =Gas constant,
T =Temperature
For0.500M C,H.0H (aq),i =1, thus,
Tl ), OH (ag) =0.5RT
For0.100MMg5(PO,), (aq),i =5
[+ Mg4(PO,), ==Mg”** +2P0;"]
Thus, Thg_(po,), (ag)=5x0.1xRT
=0.5RT
For0.250 M KBr(ag).
i=2 [“KBr=K"+Br’]
Thus, g, (ag)=2x0.260 xRT=0.5RT
For0.125MNasPO,(aq) i =4
[* Na;,0,==3Na" +P0; ]
Thus, T, PO, (0q)=4x0.125xRT=0.5
RT

Hence, all solutions have same osmotic
pressure.

95 The degree of dissociation (a) of a

weak electrolyte, A, B, is related to
van't Hoff factor (i) by the

expression [AIEEE 2011]
_ i _ i
(x+y-=1) x+y+1

(C)q :L‘V_‘I (d)a :LW
i—1 i—1
Ans. (a)

van't Hoff factor (i) is related to degree of
dissociation (a) as

85

_i=1
a=—
n=1

Here, nare the moles of an electrolyte
(A-B)dissolved in a solvent.

ForA, B, , AB, == xA" +yB™
Therefore, a=_' "1 -l

(x+y-=1
If sodium sulphate is considered to

be completely dissociated into
cations and anions in aqueous
solution, the change in freezing
point of water (AT, ), when 0.01 mole
of sodium sulphate is dissolved in
1kg of water, is

(K, =1.86 K kg mol™)  [AIEEE 2010]

(a) 0.0372 K (b) 0.0558 K
(c) 0.0744 K (d) 0.0186 K
Ans. (b)

Na,S0, - 2Na* +S0;~

van't Hoff factor (i) forNa,SO, = 3
AT, =i xK, xm =3 x1.86 x0.0]

IZ_I,m= 0.01mol _ 0.01mol kg"D
H Tkg H
=0.0558K

If ais the degree of dissociation of
Na,S0,, the van't Hoff factor (i)
used for calculating the molecular

mass is [AIEEE 2005]
(a) 1-2a (b) 1+ 2a

(c) 1-a (d) 1+a

Ans. (b)

Na,S0, — 2Na® +S05~
van't Hoff factor,i =[1+(y =1 a]

where y is the number of ions from one
mole solute, (in this case =3),a is the
degree of dissociation, i =(1+2a)

§ Which one of the following

aqueous solutions will exhibit
highest boiling point?  [AIEEE 2004]
(a) 0.01MNa,S0, (b) 0.01MKNO3
(c) 0.015Murea  (d) 0.015M glucose
Ans. (a)
The colligative property will be given as
AT, =ixk, xm
Where, AT, =Elevationin boiling point

i =van't Hoff factor

K, =molal elevation constant

m =molality of the solution
From the above equation, it is clear that,

AT, ai



This suggests that higher the value ofi,
larger is the boiling point of the solution.
For100% dissociation, i =number of ions
produced by one mole of solute
Thus, for
(a) Na,SO,
Na,S0,==2Na" +S0%’
[3ions]
gi=3
(b) KNOs
KNO;=K" + NO
3
[2ions]
Oi=2
Urea [(NH,CONH,) and (d) glucose
are poor electrolytes, therefore i

for these two solutes are equal to
zero.

Hence, 0.01 M Na,SO, possess
highest boiling point.

(c

5 Which one of the following

statements is false?  [AIEEE 2004]

(a) Raoult’s law states that the vapour
pressure of a component over a
solution is proportional to its mole
fraction

(b) The osmotic pressure () of a
solution is given by the equation

1 =MRT, where Mis the molarity of
the solution

(c) The correct order of osmotic
pressure for 0.01 M agueous solution
of each compound is
BaCl, >KCl>CH;COOH > sucrose

(d) Two sucrose solutions of same
molality prepared in different
solvents will have the same freezing
point depression

Ans. (d)
(@) py=X,ps true
(b) T =iMRT =MRT

true
[If van't Hoff factor,i =1]

(c) mO
Greater the value of i, larger is the
value of Tt
i, for BaCl, (strong electrolyte)is 3.
[BaCl, — Ba*+ Cl~(2ions)]
iforKClis 2. [KCl=—=K"* +CI"]
ifor CH;COQH is
2[CH; COOH == CH;C00 +H"]
But CH;COOH is weak electrolyte
than KCI.
iforsucroseislasitisa
non-electrolyte.

Thus,
i(for BaCl,)>KCl > CH;COOH >
sucrose
Thus, (c)is also true.
(d) AT, =K;m.
K; is dependent on solvent.

Thus, freezing points
=[T (solvent) - AT, ]are different.

Thus, (d)is false.

100 In a 0.2 molal aqueous solution of a

weak acid HX, the degree of
ionisation is 0.3. Taking K, for
water as 1.85, the freezing point of

the solution will be nearest to
[AIEEE 2003]

(a) =0.480°C (b) =0.360°C
(c) =0.260°C (d) +0.480°C
Ans. (a)
HX=—=H"+ X'
a=0.3
i=1+a =13

AT, = molality x K, x|
=0.2x1.85%x1.3 =0.481°
0 Freezing point=-0.481°C



