Solution and
Colligative Properties

Topic1 Solution and Vapour Pressure of Liquid Solutions

Objective Questions I (Only one correct option) o o
1. The mole fraction of a solvent in aqueous solution of a solute % % z
is 0.8. The molality (in mol kg™") of the aqueous solution is @ s 5 ®) 5 y
(2019 Main, 12 April 1) 3 % 3 X
(a) 13.88x 1072 (b) 13.88x 107! € T~ , £ P~
(c) 13.88 (d) 13.88x 107 (0, 0) Mole fraction (0, 0) Mole fraction
of water of water
. What would be the molality of 20% (mass/mass) aqueous
solution of KI? (Molar mass of KI =166 g mol’l) ° z ° g y
(2019 Main, 9 April I) > >
(%] (%]
(a) 1.48 (b) 151 © & SRR 17
(c) 1.35 (d) 1.08 g IS
X k=
. Liquid M and liquid N form an ideal solution. The vapour & w &

pressures of pure liquids M and N are 450 and 700 mmHg,
respectively, at the same temperature. Then correct statement
is (2019 Main, 9 April I)
x,, =mole fraction of M in solution;

xy =mole fraction of N in solution;

vy =mole fraction of M in vapour phase;

yn =mole fraction of N in vapour phase

(a) 2 5 Vu
X

N IN
(b) 2 = Ym
XN N

(c) S < 2ut
Xy N
(d) (xpr =y )<(xy —yy)
. For the solution of the gases w, x, y and z in water at 298 K,
the Henry’s law constants (Ky;) are 0.5, 2, 35 and 40 K bar,

respectively. The correct plot for the given data is
(2019 Main, 8 April II)

(0, 0) Mole fraction (0, 0) Mole fraction
of water of water

. The vapour pressures of pure liquids 4 and B are 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 B is 0.5 in the mixture.
The vapour pressure of the final solution, the mole fractions
of components 4 and B in vapour phase, respectively are
(2019 Main, 8 April 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

. Liquids 4 and B form an ideal solution in the entire

composition range. At 350 K, the vapour pressures of pure 4
and pure B are 7x 10° Pa and 12 x 10° Pa, respectively. The
composition of the vapour in equilibrium with a solution
containing 40 mole percent of 4 at this temperature is

(2019 Main, 10 Janl)
(a) x, =076, x; =024 (b) x, =028 xz =0.72
(c) x, =04;x5 =06 (d) x, =037 x5 =063
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Which one of the following statements regarding Henry’s

law is not correct? (2019 Main, 8 Jan )

(a) Different gases have different Ky; (Henry’s law
constant) values at the same temperature

(b) Higher the value of K at a given pressure, higher is the
solubility of the gas in the liquids

(c) The value of K increases with increase of temperature
and K 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

18 g of glucose (C¢H;,0y ) is added to 178.2 g water. The
vapour pressure of water (in torr) for this aqueous solution is
(2016 Main)

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

The vapour pressure of acetone at 20°C is 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 of the substance is (2015, 1M)

(a) 32 (b) 64 (a) 128 (b) 488

The Henry’s law constant for the solubility of N, gas in

water at 298 K is 1.0 x 10 atm. The mole fraction of N, in air

is 0.8. The number of moles of N, from air dissolved in

10 moles of water of 298 K and 5 atm pressure is (2009)

(a) 4.0x 1074 (b) 4.0x 1073

(c) 5.0x10°* (d) 4.0x10°°

A molal solution is one that contains one mole of a solute in
(1986, 1M)

(b) 1 L of the solvent

(d) 22.4 L of the solution

(1985, 1M)

(a) the lowering of vapour pressure is equal to the mole
fraction of solute

(a) 1000 g of the solvent
(c) 1L of the solution

For a dilute solution, Raoult’s law states that

(b) the relative lowering of vapour pressure is equal to the
mole fraction of solute

(c) the relative lowering of vapour pressure is proportional
to the amount of solute in solution

(d) the vapour pressure of the solution is equal to the mole
fraction of solvent

An azeotropic solution of two liquids has boiling point lower
than either of them when it (1981, 1M)
(a) shows negative deviation from Raoult’s law

(b) shows no deviation from Raoult’s law

(c) shows positive deviation from Raoult’s law

(d) is saturated

Objective Questions II
(One or more than one correct option)

14.

For a solution formed by mixing liquids Z and M, the vapour
pressure of L plotted against the mole fraction of M in
solution is shown in the following figure. Here x; and x,,
represent mole fractions of L and M, respectively, in the
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solution. The correct statement(s) applicable to this system is
(are) (2017 Adv.)

PrL

1 Xun 0

(a) The point Z represents vapour pressure of pure liquid M
and Raoult’s law is obeyed fromx; =0tox; =1

(b) Attractive intermolecular interactions between L - L in
pure liquid Z and M - M in pure liquid M are stronger
than those between L - M when mixed in solution

(c) The point Z represents vapour pressure of pure liquid M
and Raoult’s law is obeyed when x; — 0

(d) The point Z represents vapour pressure of pure liquid L
and Raoult’s law is obeyed when x; — 1

15. Mixture(s) showing positive deviation from Raoult’s law at

35°C is (are)

(a) carbon tetrachloride + methanol
(b) carbon disulphide + acetone

(c) benzene + toluene

(d) phenol + aniline

(2016 Adv.)

Numerical Value Based Question
16. Liquids 4 and B form ideal solution over the entire range of

composition. At temperature 7, equimolar binary solution of
liquids 4 and B has vapour pressure 45 torr. At the same
temperature, a new solution of 4 and B having mole fractions
x 4 and x, respectively, has vapour pressure of 22.5 torr. The
value of x, / x5 in the new solutionis .

(Given that the vapour pressure of pure liquid 4 is 20 Torr at
temperature 7) (2018 Adv. Paper-1)

True/False
17. Following statement is true only under some specific

conditions. Write the condition for it.
“Two volatile and miscible liquids can be separated by
fractional distillation into pure components.” (1994)

Subjective Questions
18. The vapour pressure of two miscible liquids 4 and B are 300

and 500 mm of Hg respectively. In a flask 10 moles of 4 is
mixed with 12 moles of B. However, as soon as B is added, 4
starts polymerising into a completely insoluble solid. The
polymerisation follows first-order kinetics. After 100 min,
0.525 mole of a solute is dissolved which arrests the
polymerisation completely. The final vapour pressure of the
solution is 400 mm of Hg. Estimate the rate constant of the
polymerisation reaction. Assume negligible volume change
on mixing and polymerisation and ideal behaviour for the
final solution. (2001, 4M)
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19.

20.

21.

22,

23.

24,

The molar volume of liquid benzene (density = 0.877 g/mL)
increases by a factor of 2750 as it vaporises at 20°C and that
of liquid toluene (density =0.867 gmL™") increases by a

factor of 7720 at 20°C. A solution of benzene and toluene at
20°C has a vapour pressure of 45.0 torr. Find the mole
fraction of benzene in the vapour above the solution.

(1996, 3M)

What  weight of the non-volatile solute urea
(NH,— CO—NH, ) needs to be dissolved in 100 g of water,
in order to decrease the vapour pressure of water by 25%?
What will be the molality of the solution? (1993, 3M)

The degree of dissociation of Ca(NOj ), in a dilute aqueous

solution, containing 7.0 g of the salt per 100 g of water at
100°C is 70%. If the vapour-pressure of water at 100°C is
760mm, calculate the vapour pressure of the solution.

(1991, 4M)

The vapour pressure of pure benzene at a certain temperature
is 640 mm Hg. A non-volatile, non-electrolyte solid
weighing 2.175 g is added to 39.0 g of benzene. The vapour
pressure of the solution is 600 mm Hg. What is the molecular
weight of the solid substance? (1990, 3M)

The vapour pressure of a dilute aqueous solution of glucose

(C¢H,0¢) is 750 mm of mercury at 373 K.

Calculate (i) molality and (ii) mole fraction of the solute.
(1989, 3M)

The vapour pressure of ethanol and methanol are 44.5 and
88.7 mm Hg respectively. An ideal solution is formed at the
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Objective Questions I (Only one correct option)

1.

A solution is prepared by dissolving 0.6 g of urea (molar
mass = 60 g mol ') and 1.8 g of glucose (molar mass = 180 g
mol ") in 100 mL of water at 27°C. The osmotic pressure of
the solution is (R = 0.08206 L atm K" mol ™)

(2019 Main, 12 April 1)
(b)2.46 atm (c)4.92atm  (d) 1.64 atm
1 g of a non-volatile, non-electrolyte solute is dissolved in

100 g of two different solvents 4 and B, whose ebullisocopic
constants are in the ratio of 1 : 5. The ratio of the elevation in

(a) 8.2 atm

their boiling points, ATy(4 ), is

AT,(B) (2019 Main, 10 April 1)
(a 5:1 (b) 10:1
() 1:5 (d) 1:02

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 = 60 g mol ) (2019 Main, 10 April I)

25.

26.

27.

28.

same temperature by the mixing 60 g of ethanol with 40 g of
methanol. Calculate the total vapour pressure of the solution
and the mole fraction of methanol in the vapour. (1986, 4M)

An organic compound (C,H,, O, ) was burnt with twice the

amount of oxygen needed for complete combustion to CO,
and H,O. The hot gases when cooled to 0°C and 1 atm
pressure, measured 2.24 L. The water collected during
cooling weight 0.9 g. The vapour pressure of pure water at
20°C is 17.5 mm Hg and is lowered by 0.104 mm when 50 g
of the organic compound are dissolved in 1000 g of water.
Give the molecular formula of the organic compound.
(1983, 5M)

Two liquids 4 and B form ideal solution. At 300 K, the
vapour pressure of a solution containing 1 mole of 4 and
3 moles of B is 550 mm of Hg. At the same temperature, if
one more mole of B is added to this solution, the vapour
pressure of the solution increases by 10 mm of Hg.
Determine the vapour pressure of 4 and B in their pure
states. (1982, 4M)

The vapour pressure of pure benzene is 639.70 mm of Hg and
the vapour pressure of solution of a solute in benzene at the
same temperature is 631.9 mm of Hg. Calculate the molality
of the solution. (1981, 3M)

What is the molarity and molality of a 13% solution
(by weight) of sulphuric acid with a density of 1.02 g/mL ?
To what volume should 100 mL of this solution be diluted in
order to prepare a 1.5 N solution ? (1978, 2M)

(a) 0.027 mmHg
(b) 0.031 mmHg
(c) 0.017 mmHg
(d) 0.028 mmHg

Molal depression constant for a solvent is 4.0 K kg mol ™.
The depression in the freezing point of the solvent for 0.03
mol kg ™' solution of K,SO, is
(Assume complete dissociation of the electrolyte)

(2019 Main, 9 April 1)

(a) 0.18 K (b) 036 K
(c) 0.12K (d) 024K

The osmotic pressure of a dilute solution of an ionic

compound XY in water is four times that of a solution of 0.01

M BaCl, in water. Assuming complete dissociation of the

given ionic compounds in water, the concentration of XY (in
(2019 Main, 9 April )

(b) 16x107*

(d) 6x 1072

mol L") in solution is
(a) 4x 107
(c) 4x107*
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Molecules of benzoic acid (CgH;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, then w is

(Given that K , = 5K kg mol” !, molar mass of benzoic

acid =122 g mol ™) (2019 Main, 12 Jan I1)
(a) 1.8 ¢g (b) 1.0g (c)24¢g d 15¢g
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 4, then molecular weight of ¥ is

(2019 Main, 12 Jan|)
(a) 4A (b) 2A (c) 3A (dA

K,Hgl, is 40% ionised in aqueous solution. The value of'its

van’t Hoff factor (i) is (2019 Main, 11 JanI)
(a) 1.6 (b) 1.8 (c) 2.2 (d) 2.0

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? (2019 Main, 11 Jan|)
(a) 2 cups of water to 3 cups of pure milk

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

(c) 3 cups of water to 2 cups of pure milk

(d) 1 cup of water to 2 cups of pure milk

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 (2019 Main, 10 Jan II)
(@K,=1L5K, b K,=05K,
©K,=K, (dK,=2K,
A solution contain 62 g of ethylene glycol in 250 g of water
is cooled upto —10° C. If K  for water is 1.86 K kg mol ',
then amount of water (in g) separated as ice is

(2019 Main, 9 Jan 1)
(a) 32 (b) 48 (c) 64 (d) 16
For 1 molal aqueous solution of the following compounds,
which one will show the highest freezing point?(2018 Main)
(a) [Co(H,0),]Cl4 (b) [Co(H,0)5C1]Cl, -H,0O
(¢)[Co(H,0),Cl,]Cl-2H,0 (d) [Co(H,0);Cl;]-3H,0
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 = 512K kgmol ™ B (2017 Main)
()64.6% (6)804% (c)746%  (d)94.6%

Pure water freezes at 273 K and 1 bar. The addition of 34.5
g of ethanol to 500 g of water changes the freezing point of
the solution. Use the freezing point depression constant of
water as 2 K kg mol . The figures shown below represent

15.

16.

17.

18.

19.
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plots of vapour pressure (V.P.) versus temperature (7).
[Molecular weight of ethanol is 46 g mol™'] (2017 Adv.)

Among the following, the option representing change in the
freezing point is

G
V.P/oar —

1 Ice /! Water T Ice /! Water
© 87 A @ 8" A
o ! o |
> | | Water+Ethanol = | |Water+Ethanol
270 273 T/K— 271 273 T)K—

Consider separate solution of 0.500 M C,H;OH (aq),

0.100 M Mg;(PO, ),(aq), 0.250 M KBr(ag) and 0.125 M

Na;PO,(ag) at 25°C. Which statement is true about these

solution, assuming all salts to be strong electrolytes?

(a) They all have the same osmotic pressure (2014 Main)

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

(c) 0.125 M Na;PO,(aq) has the highest osmotic pressure

(d) 0.500 M C,H;OH (aq) has the highest osmotic pressure

For a dilute solution containing 2.5 g of a non-volatile
non-electrolyte solute in 100 g of water, the elevation in
boiling point at 1 atm pressure is 2°C. Assuming concentration
of solute is much lower than the concentration of solvent, the
vapour pressure (mm of Hg) of the solution is (take K, = 0.76

K kg mol ). (2012)
(a) 724 (b) 740
(c) 736 (d) 718

The freezing point (in°C) of solution containing 0.1 g of
K;[Fe(CN)4 ] (mol. wt. 329) in 100 g of water
(K, =1.86K kg mol ') is

(@) —2.3x107? (b) =5.7x 1072
(c) -5.7x 107° (d) -1.2x1072
When 20 g of naphthoic acid (C;,HgO, )is dissolved in 50 g of
benzene (K , =1.72 K kg mol "), a freezing point depression

(2011)

of 2 K is observed. The van’t Hoff factor (i) is (2007,3M)
(a) 0.5 ) 1
(c) 2 (d) 3

The elevation in boiling point, when 13.44 g of freshly
prepared CuCl, are added to one kilogram of water, is. [Some
useful data, K, =0.52 K kg mol~!, molecular weight of

CuCl, =134.4 g]. (2005, 1M)
(a) 0.05 (b) 0.1
(c) 0.16 (d) 0.21
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20.

21.

22,

23.

24,

25.

0.004 M Na, SO, is isotonic with 0.01 M glucose. Degree of

dissociation of Na,SO, is (2004, s, 1M)
(a) 75% (b) 50%
(c) 25% (d) 85%

During depression of freezing point in a solution the
following are in equilibrium (2003)
(a) liquid solvent, solid solvent

(b) liquid solvent, solid solute

(¢) liquid solute, solid solute

(d) liquid solute, solid solvent

The molecular weight of benzoic acid in benzene as
determined by depression in freezing point method
corresponds to

(a) ionisation of benzoic acid (1996, 1M)
(b) dimerisation of benzoic acid

(c) trimerisation of benzoic acid

(d) solvation of benzoic acid

The freezing point of equimolal aqueous solutions will be
highest for (1990, 1M)
(a) C4HsNH;CI (aniline hydrochloride)

(b) Ca(NO;),

(c) La(NO; ),

(d) C¢H,,04 (glucose)

Which of the following 0.1 M aqueous solution will have
the lowest freezing point? (1989, 1M)
(a) Potassium sulphate (b) Sodium chloride

(¢) Urea (d) Glucose

When mercuric iodide is added to the aqueous solution of
potassium iodide (1987,2M)
(a) freezing point is raised

(b) freezing point is lowered

(c) freezing point does not change

(d) boiling point does not change

Objective Questions II
(One or more than one correct option)

26.

In the depression of freezing point experiment, it is found

that the (1999, 3M)

(a) vapour pressure of the solution is less than that of pure
solvent

(b) vapour pressure of the solution is more than that of
pure solvent

(c) only solute molecules solidify at the freezing point

(d) only solvent molecules solidify at the freezing point

Numerical Value Based Question

27.

The plot given below shows p—T curves (where p is the

pressure and 7 is the temperature) for two solvents X and Y
and isomolal solution of NaCl in these solvents. NaCl
completely dissociates in both the solvents.

1/ 2/ 3/ /4
760
ob
jun) 1. Solvent X
g 2. Solution of NaCl in solvent X
é 3. Solvent Y
© 4. Solution of NaCl in solvent Y
g
=3
1)
0
]
&
Q‘( B
= N L= o0
o © © ©
[an) [An) [anlan]

Temperature (K)

On addition of equal number of moles of a non-volatile solute
S in equal amount (in kg) of these solvents, the elevation of
boiling point of solvent X is three times that of solvent Y.
Solute S is known to undergo dimerisation in these solvents.
If the degree of dimerisation is 0.7 in solvent Y, the degree of
dimerisation in solvent X is . (2018 Adv.)

Subjective Questions

28.

29.

30.

31.

32.

75.2 g of CgH5OH (phenol) is dissolved in a solvent of
K, =14.1f the depression in freezing point is 7 K, then find
(2006, 2M)

1.22 g CgH;COOH is added into two solvents and data of A7),
and K, are given as :
(i) In100 g CH,COCH,; AT, =0.17, K, = 1.7 K kg/mol
(ii) In 100 g benzene, AT, =0.13and K, = 2.6 K kg/mol

Find out the molecular weight of C;H;COOH in both the
cases and interpret the result. (2004, 2M)

the percentage of phenol that dimerises.

Consider the three solvents of identical molar masses. Match
their boiling point with their K, values

Solvents Boiling point K, values
X 100°C 0.92
Y 27°C 0.63
V4 283°C 0.53

(2003)

To 500 cm’ of water, 3.0x 107 kg of acetic acid is added. If
23% of acetic acid is dissociated, what will be the depression
in freezing point? K, and density of water are
1.86 K kg ' mol ! and 0.997 gem™, respectively.

(2000, 3M)

Nitrobenzene is formed as the major product along with a
minor product in the reaction of benzene with a hot mixture of
nitric acid and sulphuric acid. The minor product consists of
carbon : 42.86%, hydrogen : 2.40%, nitrogen : 16.67% and
oxygen : 38.07%,

(i) Calculate the empirical formula of the minor product.

(i) When 5.5 g of the minor product is dissolved in 45 g of
benzene, the boiling point of the solution is 1.84°C higher



33.

34.

than that of pure benzene. Calculate the molar mass of the
minor product then determine its molecular and structural
formula. (Molal boiling point elevation constant of benzene
is 2.53 K kg mol ™ "). (1999)

A solution of a non-volatile solute in water freezes at
—0.30°C. The vapour pressure of pure water at 298 K is
23.51 mmHgand K , for wateris 1.86 K kg mol ™. Calculate
the vapour pressure of this solution at 298 K. (1998, 4M)

Addition of 0.643 g of a compound to 50 mL of benzene
(density : 0.879 g/mL) lowers the freezing point from 5.51°C
t0 5.03°C. If K I for benzene is 5.12, calculate the molecular
weight of the compound. (1992, 2m)

Passage Based Questions

Passage 1

Properties such as boiling point, freezing point and vapour pressure
of a pure solvent change when solute molecules are added to get
homogeneous solution. These are called colligative properties.
Applications of colligative properties are very useful in day-to-day

life.

One of its examples is the use of ethylene glycol and water mixture
as anti-freezing liquid in the radiator of automobiles.

A solution M is prepared by mixing ethanol and water. The mole
fraction of ethanol in the mixture is 0.9.

Given, freezing point depression constant of water

(K ™")=1.86 K kg mol™’

Freezing point depression constant of ethanol
(K ™™y =2.0K kg mol!

Boiling point elevation constant of water
(K ™) =0.52 K kg mol™’

Boiling point elevation constant of ethanol
(K ghmely =12 K kg mol ™!

Standard freezing point of water = 273 K

35.

36.

37.
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Standard boiling point of ethanol =351.5K
Vapour pressure of pure water = 32.8 mm Hg
Vapour pressure of pure ethanol =40 mm Hg
Molecular weight of water = 18 g mol ™!

Molecular weight of ethanol = 46 g mol™!

In answering the following questions, consider the solutions
to be ideal dilute solutions and solutes to be non-volatile and
non-dissociative. (2008,3 x4M = 12M)

The freezing point of the solution M is

(a)268.7K (b)268.5K (c)2342K (d)1509K
The vapour pressure of the solution M is

(a) 39.3mm Hg (b) 36.0 mm Hg

(c) 29.5mm Hg (d) 28.8 mm Hg

Water is added to the solution M such that the mole fraction
of water in the solution becomes 0.9. The boiling point of this
solution is

(a)3804K (b)376.2K (¢)3755K  (d)354.7K
Fill in the Blank
38. Given that AT, is the depression in freezing point of the

solvent in a solution of a non-volatile solute of molality, m,
the quantity lim0 (AT;/m)is equal to ...... (1994, 1M)
m—> :

Integer Answer Type Question

39.

40.

If the freezing point of a 0.01 molal aqueous solution of a
cobalt (IIT) chloride-ammonia complex (which behaves as a
strong electrolyte) is — 0.0558°C, the number of chloride(s)
in the coordination sphere of the complex is

[K, of water =186 Kkg mol '] (2015 Adv.)

MX, dissociates into M** and X~ ions in an aqueous

solution, with a degree of dissociation (o )of 0.5. The ratio of
the observed depression of freezing point of the aqueous
solution to the value of the depression of freezing point in the

Standard freezing point of ethanol = 155.7K absence of ionic dissociation is (2014 Adv.)
Standard boiling point of water =373 K
Answers
Topic 1 Topic2
L (c) . (b) 3. (a) 4. (a) L (c) 2. (c) 3. (0) 4. (b)
5. (d) . (b) 7. (b) 8. (b) 5. (d) . (c) 7. () 8. (b)
9. (b) 10. (a) 11. (b) 12. (b) 9. (o) 10. (d) 11. (c) 12. (d)
13. (¢) 14. (b, d) 15. (a, b) 16. (19) 13. (d) 14. (b) 15. (a) 16. (2)
17. T 19. (0.72) 20. (18.5) 21. (74632 mm) 17 @ 18. (a) 19. (o) 20. (a)
22. (65.25) 23. (0.75) 24. (0.657)  21. (0.158) 2L (a) 22. (b) 23. (@) 4. ()
28, (180.40 mL) 25. (a) 26. (a, d) 27. (0.05) 28. (75%)
30. (0.23°C)  33. (23.44 mm) 34. (156 g/mol) 35. (d)
36. (a) 37. (b) 38. (K ;) 40. (2)



Hints & Solutions

Topic 1 Solution and Vapour Pressure
of Liquid Solutions

Mass of solute (w,) x 1000

Molar mass of solute (M) x
mass of solvent (w,)

L. | Key Idea Molality (m) =

M 1000
M;  wm

and also, X 1000

m XM,
Keowwent =08 (Given) It means that ng,., (7,)=08 and

Nsolute (”2) =02
Using formulam = n, x 1000 =02x 1000 =13.88mol kg™
ny xM, 0.8 x18

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

Y, 1000

Mw, w

m =

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

The molality of 20% (mass/mass) aqueous solution of KI
can be calculated by following formula.
w, x1000
m=—2"""""
Mw, xw,

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

m =£ sz 1.506 = 1. 51mol/kg
166 80

3. | KeyldeaForasolution 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.

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

- P°N> Py
So, by using Raoult’s law

Yy > Xy ..()
and Xpr> Yy ...(i1)

Multiplying (i) and (ii) we get
IN Xm > Yo XN
X Dy
v v

Thus, correct relation is (a).

4, According to Henry’s law (at constant temperature)

pgas = KH x Xgas (solute) — KH X [1 - XHZO (solvent) ]
Peas = Kt = K1 my0

Deas = Partial pressure of the gas above its solution with a liquid

(solvent) say water.
Xgas = mole fraction of the gas (solute) in the solution.

Yu,0 =mole fraction of water (solvent).

pgﬁS pgas
] Ky
XH2O=O XHZOZO
Agas= 1 Xgaszo

[i.e. pgys = Kyg ]Higher the value of Ky, higher
will be the partial pressure of the gas (p,,s), at a given
temperature. The plot of p,, vs xy,0 gives a (-ve) slope.

Pgas = Ky — Ky x XH,0
Comparing the above equation with the equation of straight line
y=mx+c
Slope = — Ky , intercept = Ky
So, (i) Higher the value of K, more (—ve) will be the slope and
itis for z (K = 40 Kbar)
(i1) Higher the value of K, higher with the value of intercept,
i.e. partial pressure and it is also for z.

(d) According to Dalton’s law of partial pressure
Protal = Pat Py

= Pita+ Py X (D)

Given, p,; = 400 mm Hg, pp = 600 mm Hg
xXg =05 x4+ xp =1

o %4 =05
On substituting the given values in Eq. (i). We get,
Protal = 400x0.5+ 600x0.5 =500 mm Hg
Mole fraction of 4 in vapour phase,

Py Pixa 05x400
Protal  Protal 500
Mole of B in vapour phase,

Y, +Y; =1
Y, =1-04=06

Y, = 0.4

For ideal solution,
p=xyp°y+x'pp%
x'y,=04,x"5 =06
p°4=7x10°Pa, p°p =12 x10° Pa
On substituting the given values in Eq. (i),
we get
p=04x7x10°+ 06 x12 x10°

=10x10° Pa =1x10* Pa



10.

In vapour phase,

xA:&:x’Apj :0.4 X7X4103:0.28
p p 1x10
xp =1-028=0.72 [ox+x5=1]

At constant temperature, solubility of a gas (S) varies inversely
with Henry’s law constant (Ky;)
Pressure P

B~ Solubility of 2 gas in a liquid S
Thus, higher the value of K}; at a given pressure, the lower is the
solubility of the gas in the liquid.
Key Idea Vapour pressure of water (p°) = 760 torr
Mass (g)
Molecular mass (g mol_l)
___18g — = 0.1mol
180 gmol
Molar mass of water = 18 g/mol

Number of moles of glucose =

Mass of water (given) = 178.2g

Number of moles of water
Mass of water

- Molar mass of water

= 17828 g9l
18 g/mol

Total number of moles = (0.1+ 9.9) moles = 10 moles

Now, mole fraction of glucose in solution = Change in pressure
with respect to initial pressure
. A .
- ol
p° 10
or Ap =0.01p° = 0.01 x 760 = 7.6 torr
.. Vapour pressure of solution = (760 — 7.6) torr = 752.4 torr
Given, p° =185 Torr at 20°C

p, =183 Torr at 20°C
Mass of non-volatile substance, m =1.2 g
Mass of acetone taken = 100g

M=?
As, we have 2~ Ps = L
P N
Putting the values, we get,
1.2
185—183_E 2 1.2x58
183 100 183  100xM
58
Mo 183 x1.2 x 58
2 x100

M = 63.684 = 64 g/mol
Give, Ky =1x10° atm, , = 0.8
My,0 =10 moles, po =5 atm
pNz = Protal X XN2 =5x%x0.8=4 atm
According to Henry’s law,
Pn, =Ky >,

11.
12.

13.

14.

15.
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4=10" xyy,

In, =4 %107

— M _4xi0
ny, + Mo

N _gx107
ny, +10

ny, =4 x107

Molality = moles of solute present in 1.0 kg of solvent.

The relative lowering of vapour pressure :
- Ap

o

=%, (mole fraction of solute)
In case of positive deviation from Raoult's law, the observed
vapour pressure is greater than the ideal vapour pressure and
boiling point of azeotrope becomes lower than either of pure
liquid.

The graph shown indicates that there is positive deviation
because the observed vapour pressure of L is greater than the
ideal pressure

T V4
Real rl

> ’\ée’&\

1 X 0

Since, deviation is positive, the intermolecular force between L
and M is smaller than the same in pure L and pure M.

Also as x; — 1, x,, — 0, the real curve approaching ideal curve
where Raoult’s law will be obeyed.

When intermolecular attraction between two components 4 and
B in the mixture is same as between A and 4 or B and B, hence it
is a case of ideal solution.

When intermolecular attraction between 4 and B in a mixture is

smaller than that between 4 and A or B and B, then mixture is

more vaporised, bp is lowered. It is a case of positive deviation
from Raoult’s law.

When intermolecular attraction between 4 and B is higher than

that between 4 and A4 or B and B, then mixture is less vaporised,

bp is increased. It is a case of negative deviation.

(a) Methanol molecules (CH;OH) are hydrogen bonded. In a
mixture of CCl, and CH;OH, extent of H-bonding is
decreased. Mixture is more vaporised thus, positive
deviation from Raoult’s law.

(b) Acetone molecules have higher intermolecular attraction
due to dipole-dipole interaction. With CS,, this interaction is
decreased thus, positive deviation.

(c) Mixture of benzene and toluene forms ideal solution.

(d) Phenol and aniline have higher interaction due to
intermolecular H-bonding. Hence, negative deviation.
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16.

17.

18.

19.

Key Idea Use the formula
Protal = Pa X Xat P *Ap

. . 1
and for equimolar solutions x , =y :5

Given, pr,, =45 torr for equimolar solution

;=20 torr
So. 5= pixtpio = (i pR)
2 2 2
or py+ pp=90torr .1

But we know pj=20torr

S0, pp =90-20=70torr (From Eq. (1))
Now, for the new solution from the same formula
Given, Protal =22. 5 torr
So, 22.5=20y,+70(1-y,) (Asyy+xz=D
or 22.5 =70-50y,
70-22.5

So, Xd —T—OQS
Thus yxz=1-0.95=0.05 (asyy+xp=0
Hence, the ratio

24 095 14

xg 0.05

It will be true only if boiling points of two liquids are
significantly different.

Let after 100 min, x moles of 4 are remaining unpolymerised
moles of B =12

Moles of non-volatile solute = 0.525

= Mole fraction of 4 = ___x
x+ 12+ 0.525
. 12

Mole fractionof B = ————

X+ 12+ 0.525
= 400 = # x 300 + L % 500

x +12.525 x +12.525
= x=9.9
= Moles of 4 polymerised in 100 min =10 -9.9=0.10
1 10 1 10 .

= k=-In—=—1In— min

{99 100 9.9
=1.005% 10~* min~!

Volume of 1.0 mole liquid benzene = % mL = 88.94 mL

= Molar volume of benzene vapour at 20°C
_ 88.94 x 2750

1000

L=24458L

0.082 x 293
24458
=74.65 mm

Similarly; molar volume of toluene vapour

= 92 7200 _g190L
0.867 1000

= VP of pure benzene at 20°C = x 760 mm

20.

21.

22.

23.

0.082 %293
819.2
Now, let mole fraction of benzene in the liquid phase = y,

= 465 +223(1—y)=45
= y =043

= VP of pure toluene = x 760 mm = 22.3mm

= Mole fraction of benzene in vapour phase
_ Partial vapour pressure of benzene

Total vapour pressure

_ 74.65 x 0.43 _07
45
Vapour pressure of solution = 0.75 x VP of water
= 75 =100y, : %, = mole fraction of solute
= _3 andy,=1-y,= L
X1 4 X2 X1 4
N Xo_m_1
X om 3
1
= =2 100 s
3 18x3
= Weight of urea = 1.85 x60 =111 g
Molality = L 1000
n 1
= 1 X % 185
3 18
Ca(NO3), == Ca*" + 2NOj;
1-a o 2a
i=1+ 2awhere, oo =0.7
= i=14+2x07=24
= Mole fraction of solvent = L
ny + in,
)
18
= =0.982
[L.Oj +24 xi
18 164
= P = pox, =760x0.982
(VP of H,0 at 100°C = 760 mm of Hg)
=746.32 mm
According to Raoult’s law :
P = PoX1
= 600 = 640 ( & ]
n + n
= & — ﬁ —1= i
n 60 15
= nzzgxi:0.033
78 15
= 2175 _ 0.033
M
= M=65.25

At 373 K (bp) of H,O, Vapour pressure = 760 mm
VP of solution at 373 K =750 mm

= P = PoX1



24.

25.

or 750 =760 ¥,

= = 5 mole fraction of H,0
76

= Yp=1- 5 = 1 = mole fraction of solute
76 76

Now LR 1

n+n 76
- M 95

ny
—  Molality =—2 x1000=—%__ 0 74 molal
mM, 75 x 18

Moles of ethanol = @ =13
46

Moles of methanol = g =125

1.3
134125
= Vapour pressure of solution = poyanor + Pmethanol
=0.51 x44.5 +0.49 x88.7
=66.16 mm
Mole fraction of methanol in vapour phase

= Mole fraction of ethanol =

Pmethanol

~ Total vapour pressure

_43.463 —0.657
66.16
From lowering of vapour pressure information :
0.104 n,
o 2=
17.5 n + n,
= 2y 1=16827
m
= M =167.27
)
= 1000 X M _ 167.27
18 50
= M =150 g/mol

Also, the combustion reaction is :
CH,,0, +x0, —> xCO, + yH,0
-+ 18 y g of H,O is produced from 1.0 mole of compound.

. . 1
..0.9 g of H,O will be produced from 09_ L mol
18y 20y

= At the end, moles of O, left = X
20y

moles of CO, formed = =
20y

2 2.24
= Total moles of gases at STP = R
20y 224
= xX=y
= Molar mass; 150 =12x + 2x + 16x = 30x
150
= x=—2=5
30
= Formula = CsH,(O4
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26. When 1.0 mole of 4 is mixed with 3 moles of B.

550=0.25 p; +0.75 p; ...
When 1.0 mole of 4 is mixed with 4 moles of B.
560=0.20 p; +0.80 py ...(i1)

Now, solving (i) and (i) pj = 400 mm
pp = 600mm.

27. According to Raoult’s law :
P=Dpox =631.9=639.7 y,
= %1 =09878 = x,=0.0122
0.0122

————— x1000=0.158
0.9878 x 78

= Molality =

28. Let us consider 1.0 L of solution.
Weight of solution = 1000 x 1.02 =1020 g

. 1
Weight of H,SO, = 1020 x & =132.60 g

Weight of H,0 = 1020 — 132.60 = 887.40 g
= Molarity :% =1.353 M
132.60 “ 1000 _ 1525 m
98 887.40
Normality =2 x M =2.706
2.706 x100=1.5V
V' =180.40 mL

Molality =

=
=

Topic 2 Colligative Properties

1. | Key Idea Osmotic pressure is proportional to the molarity
(C) of the solution at a given temperature (7).

Thus, m o« C, m = CRT (for dilute solution)

n=2RT
4

For the relation, 7 = CRT = gRT

Given, mass of urea= 0.6 g

Molar mass of urea = 60 g mol™ !
Mass of glucose =1.8 g

Molar mass of glucose = 180 g mol™

[n, (urea) +Vn2(glucose)] RT

(%+ ﬁ]

_ 160 180) 1600 x 0.0821 x 300
100

— 001+ 0.01) x 10 x 0.0821 x 300

n=4.92atm

2. The expression of elevation of boiling point,
AT, =K, xm xi

w, x1000

X

=k x
M, xw,
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where, m = molality

i =van’t Hoff factor = 1 (for
non-electrolyte/non-associable)

w, =mass of solute in g = 1g (present in both of
the solutions)

M, =molar mass of solute in g mol ™" (same
solute in both of the solutions)

w, =mass of solvent in g = 100 g (for both of the
solvents 4 and B)

K, =ebullioscopic constant
So, the expression becomes,

AT, <K,
AT,(4) _K,y(4) _ 1 Given&;l
AT,(B) K,(B) 5 K,(B) 5]

Key Idea For dilute solution, lowering of vapour pressure

(Ap) = po — pand relative lowering of vapour pressure = —107

which is a colligative property of solutions.

A
?f=xBXi3 Ap =y xixp’

where, p0 = vapour pressure of pure solvent

i =van’t Hoff factor

%z = mole fraction of solute

Given,
p°=vapour pressure of pure water of 25°C

=35 mm Hg
¥ =mole fraction of solute (urea)
0.60
_nmg 6o 001
Cny+ng _@+@ " 20+ 001
18 60
= 00t =0.0005
20.01

i =van’t Hoff factor = 1 (for urea)
Now, according to Raoult’s law
Ap =y p xixp°
On substituting the above given values, we get
Ap =0.0005x1x35=0.0175 mm Hg

Key Idea Depression in freezing point (A T¢) is given by
AT =iKm
i =vant Hoff factor
K¢ =molal depression constant

m =molality
K, =4.0Kkgmol ™' (Given)
m = 0.03mol kg ™! (Given)
AT, =?

For KSO0,,i=3
It can be verified by the following equation :
K,S0, = 2K* + S0}

Using formula
ATy =iKyxm
AT, =3 x4 x003=036K

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

Concentration of BaCl, = 0.01M (Given)
Tyy = 4Tpacl 5 (Given)
ixCRT =4 xixCRT ...()
For the calculation of i,
XY — X'+ Y
BaCl,— Ba*" +2CI°
Putting the values of i in (i)
2 x[XY]=4x3x[BaCl,]
2 x[XY]=12 % 0.01

(Here,i =2)
(Here, i = 3)

12x0.01
[XY]=
2
So, the concentration of XY = 0.06 mol L'
=6x10"% mol L

Molecules of benzoic acid dimerise in benzene as:
2(C4H;COOH)~— (C4H;COOH),

Now, we know that depression in freezing point (A7) is given

by following equation:

i X K X Wygiee x 1000

AT, =i xK; xm= (1)

Mwsolute X Wolvent
(benzoic acid)=wg

Wyolvent (DENZENE) =308
Mwgpe (benzoic acid) = 122 gmol ™', AT, = 2K

K, =5Kkgmol ', %o = 80 or o= 0.8

2(CH;COOH)~—" (C;H,COOH),
Initial 1 0
I-a ol/2
=1-08=02 08/2=04
Total number of moles at equilibrium = 0.2+ 0.4= 0.6
Number of moles at equilibrium

Given, Wy jyte

Final

- Number of moles present initially
i=2%_06
1

On substituting all the given values in Eq. (i), we get
_ 0.6 x5 xwx1000
122x 30

Thus, weight of acid (w)is 2.4 g.

, w=244¢

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

= Freezing point of 12% aqueous solution of ¥

or (ATy)y = (ATy)y [-AT, =T, - T)]
K, xmy =K my

where, my and my are molality of X and Y, respectively.

or my =my



Number of moles of solute (n)

Now, molality = -
Mass of solvent (in kg)
Weight
~ Molecular mass
Wx _ Wy
My X Wlvent )1 My X Wolyent )2
Given, wy =4 and Wglyent), =96
Wy = 12and W(solvent)z =88
My=A4
4 %1000 12 x1000
My x96 M, x88
Thus, M, = 12 x1000 x M y x 96
4 x1000 x 88
~96x12

xA=327A =3A

T 488

8. The ionisation of K,Hgl, in aqueous solution is as follows:
K,[Hgl,]=="2K" +[Hgl, ]~

van’t Hoff factor (i) for ionisation reaction is given as,

i=l+o(n-1)
where,
n =number of ions,
o = degree of ionisation or dissociation
From above equation, it is clear that n = 3
i=1+043-1

[Given, % o = 40% or a = 0.4]

=1.8

9. We know that,
Depression in freezing points (A7)
T°,=T,=K, xmxi
where, K, =molal depression constant

m =molality = Wsolure X 1000

X W,

solute solvent (in g)

i =van’t Hoff factor
For diluted milk
ATﬁ = Kf Xmy X1

: 1000

= 0-(02)= 02=K, x—mils 25,
M e x wy (H0)
For pure milk
Asz :Kf X my X i

= 0-(-05)=05=K, x—"

mile % 1000 N
M e x wy (H;0)
02 K

So. 2= S Wit X 1000 « M i xwy (Hy0) _ wy(H,0)
105 Ky My xw (H,0) Wit X 1000 wi (H,0)
w,(H,0) (in pure milk) 2

w, (H,0) (in diluted milk) 5

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

10. Elevation in boiling point (AT,) = K, xm x i
Depression is freezing point (AT,) =K, xm x i
where, m = molality

11.

12.

13.
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For the glucose solution (van’t Hoff factor, i = 1),
AT = AT} = 2K
So,  K,xlxl=K,x2x1= K,=2K,

Considering the expression of the depression in freezing point of
a solution,

ATy =K, xmxi

wy x 1000 i
My xw,(ing)
Here, T, = 0°C, T; =—10°C

Ty =Ty =K, (D)

wp =mass of ethylene glycol =62 g
M =molar mass of ethylene glycol
CH,—CH,

| |
OH OH

=62¢g mol !
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

0= (- 10) = 186 x 221000
XWA
1 2x1
N w, = 86 x 62 x 000:186g
10 x 62

So, amount of water separated as ice (solid solvent)
=250-w, =(250-186)g =64 g

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 their van’t Hoff factor (7)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.e.

Number of solute particles oc van’t Hoff factor (i)

Thus, we can say directly

Solution with maximum freezing point will be the one in which

solute with minimum van’t Hoff factor is present

Now, for Co(H,0),]Cl; =— [CO(H20)6]3+ +3CI”

van’t Hoff factor (i) is 4. Similarly for,
[Co(H,0);CI]Cl, - HyO ==>[Co(H,0)sCI" +2CI~ /" is 3
[Co(H,0),Cl,]Cl-2H,0 ==[Co(H,0),Cl,]" +Cl~ ‘7" is2

and for [Co(H,0);Cl;]- 3H,O, 7’ is 1 as 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.

Let the degree of association of acetic acid (CH;COOH) in

benzene is o, then
2CH;COOH — (CH;COOH),
Initial moles 1 0

Moles at equilibrium l-a %
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14.

15.

16.

Totalmoles=1—ot+g=1—g or i=1—g
2 2 2

Now, depression in freezing point (A7) is given as
AT, =iKm ()
where, K, =molal depression constant or
cryoscopic constant.
m =molality

number of moles of solute 02 " 1000

Molality = — - =
weight of solvent (inkg) 60 20

Putting the values in Eq. (i)

045 = {1 - 3} (512) {% x@}
2 60 20

o 045x60x20

2 512 %02 x1000
- 1-% 2057 = %L-1-0527
2 2

o = 0.946
Thus, percentage of association = 94.6%
-ATy =ik m,
34.5

=] x2x—
46 x 500

x1000 =3

Vapour pressure curves shown in (b) is in agreement with the
calculated value of —AT,. (@) is wrong, vapour pressure
decreases on cooling.

PLAN This problem includes concept of colligative properties
(osmotic pressure here) and van't Hoff factor. Calculate the
effective molarity of each solution.

i.e. effective molarity = van’t Hoff factor x molarity

0.5 M C,H;OH (aq) i=1
Effective molarity = 0.5
0.25 M KBr (aq) i=2

Effective molarity = 0.5M

0.1 M Mg;(PO,),(aq) i=5
Effective molarity = 0.5 M

0.125 M Na;PO, (aq)
Effective molarity = 0.5M
Molarity is same hence, all colligative properties are also same.

NOTE This question is solved by assuming that the examiner
has takenMg;(PO, ), to be completely soluble. However, in real it
is insoluble (sparingly soluble).

The elevation in boiling point is

AT, = K, -m: m =molality =2 41000
wi

[7, = Number of moles of solute, w; = Weight of
solvent in gram]

= 2=0.76 x ~2- x 1000
100
= P
ST

17.

18.

19.

20.

21.

22.

23.

24.

Also, from Raoult’s law of lowering of vapour pressure :
—Ap _ ) )

Xy =—F—=~x—= [ n >>n]
P° nmtnoomn

5 18
= — Ap =760 x — x — = 36 mm of Hg

19 100
= p=760—-36 =724 mm of Hg
van’t Hoff factor (i) = 4 {3K"+ [Fe(CN); I

Molality = o1 ><—1 000 = 1

329 100 329

= —ATf = in-m
4 x186x——= 23102
329
= T, =-2.3x107°C
(As % freezing point of water is 0°C)
Molality = (&j X 1000 =2325m
172 50
= ~ AT, =2=iK;m
= i= 72 =0.5
1.72 x2.325
Molality = 1344 0.1
134.1
i=3

= AT, =iK, -m=3x0.52 x0.1=0.156
For isotonic solutions, they must have same concentrations of

ions, Therefore,
0.004 i (Na,SO,) =0.01

= i= 001 _ 2.5
0.004
Also Na,SO, — 2Na" + SO; i
1- o 2a o 1+ 2a
= i=1+20 =25
o =075 =75%

During freezing, liquid solvent solidify and solid solvent
remains in equilibrium with liquid solvent.

In benzene, benzoic acid dimerises as :

CH;COOH ==  (CH,COOH),

CsHsNH;Cl:i=2;

Ca(NO3),: i=3
La(NO;3);:  i=4;
CeH 1,04 : i=1

Lower the value of i, smaller will be the depression in freezing
point, higher will be the freezing temperature, if molalities are
equal. Hence, glucose solution will have highest freezing
temperature.

K,SO,: i=3
NaCl : i=2
Urea : i=1
Glucose : i=1



25.

26.

27.

28.

Greater the value of i, greater the lowering in freezing point,
lower will be the freezing temperature, if molarity in all cases are
same. Therefore, K,SO, solution has the lowest freezing point.

Addition of Hgl, to KI solution establishes the following
equilibrium :

Hgl, + 2KI =— K,[Hgl, ]
The above equilibrium decreases the number of ions (4 ions on
left side of reactions becomes three ions on right side), hence
rises the freezing point.

In depression of freezing point experiment, vapour pressure of
solution is less than that of pure solvent as well as only solvent
molecules solidify at freezing point.

From the graph we can note
AT, for solution X i.e.,
ATy =362-360=2
Likewise, AT}, for solution Y i.e., ATy, = 368—367=1
Now by using the formula
AT, =i xmolality of solutionx K,
For solution X
2 =i x My %Ky ...(1)
Similarly for solution y
1=1 X myye XKy,
from Eq. (i) and (ii) above
Kb&zgor 2 or

Ky =2Kpn)
Ky

For solute §

28§ — S, (given due to dimerisation)
Initial o 0
Final (1-o) %
So, here i= l—gj
2

ATyxys = [1 5 ijoo

ATy :(1 ij(Y)
Given, AT xys) =3AT )

oy )
[I_YJK}’(X) =3 x(l—jj XK
or 2(1—ﬂ]:3( —ﬂ)
2 2
or 2(1—ﬁ):3(1—ﬂj
2 2

[ K, W = ZKh(Y) ]

(as given, o.,=0.7)

or 4-20,=6-2.1 or 2a,=01
S0, o, =0.05
1000 xK , x Wy
Molar mass of solute (M) = —————
W, x AT,
N M, = 1000 x 14 x 75.2
1000 x 7

M =150.4 g per mol

29.

30.

31.

32.
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Actual molar mass of phenol = 94 g/mol

Now, van’t Hoff factor, i = Caleulated molar mass

Observed molar mass
i= 4 =0.625
150.4
Dimerisation of phenol can be shown as :
2C¢H;OH — (C; H;OH),
Initial 1

l-o

vle <@

At equilibrium

Total number of moles at equilibrium, i =1—-a + %

i=1-2
2
. o
Buti= 0625, thus,  0.625=1-"
& 120625
2
o =0.75

Thus, the percentage of phenol that dimerises is 75%.

Q) AT, =K, -m,
= 017217 x k22 1000
M
(ii) o.13=z.6x%x@ M =244

100

The above molar masses suggests thapt benzoic acid is
monomeric in acetone while dimeric in benzene.

Higher the value of K, of a solvent suggest that there is larger
polarity of solvent molecules, which in turn implies higher
boiling point due to dipole-dipole interaction.

Therefore, the correct order of K, values of the three given
solvents is

Solvents Boiling point K,
X 100°C 0.63
Y 27°C 0.53
Z 283°C 0.92
Mass of water = 500 x0.997g=4985¢
Also CH,COOH == CH,COO~ + H’
l1-a a a
= i=1+a=123
= -AT,=iK, m=123x1386 ><i xw:O.Z.’J"C
: : 60 4985
(i) Empirical formula determination
Elements C H N (0]
Weight % 42.86 2.40 16.67 38.07
Moles 3.57 2.40 1.19 2.38
Simplest ratio 3 2 1 2

= Empirical formula = C;H,NO,

(i) AT, =1.84=253 x> 1000
M~ 45

= M =168
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-+ Empirical formula weight (84) is half of molar mass, 36. Vapour pressure = p (H,0) + p(ethanol)
molecular formula is C;H,N,0O, a dinitrobenzene : 32801+ 40x0.9
NO, =3.28+36
=39.28 mm
37. Now ethanol is solute.
NOZ 1 = . =
(CeHaN2O,) Molality of solute 09 %18 x1000=6.17
33. —AT, =K, -m, = AT, =6.17 x0.52=3.20
' ‘ = T, =373+32
= m, = 03 _ 0.1613
27186 =376.2K
n, 1000 38, 1im | 2 .
Also, my =2 x =0.1613 . lim | —=| =K, (Cryoscopic constant)
n M, m—>0\ m
- @:0-1?13“8:2_9 © 1073 39. 1+ AT, =iKm
M 000 AT, = 0 (-0.0558°C)
= D= 59 %107 41 =00558°C
i " = i(vant Hoff’s factor) = _ 00538 =
n 1 186 x 0.01
- =y = —=0.997 oL Lo
ny +n 1+29x%x10 This indicates that complex upon ionisation produces three
= P =pox, =23.51 x0.997 =23.44 mm 1008 as: .
[Co(NH;);CI]Cl, —» [Co(NH;)sCI}™ (ag)+ 2Cl (aq)
34. - AT, =551-5.03=048 Thus, only one Cl is inside the coordination sphere.
= ~ ATy =048=K,m 40. MY, —> M* +2X°
048 =512 0.643 1000
= AET AL X M x 50 % 0.879 van’t Hoff factor for any salt can be calculated by using equation
i=l+o (m-1)
= M =156 g/mol

35. In the given solution ‘M’, H,O is solute.
Therefore, molality of H,0 = 01 x1000=2.4
0.9x 46

= — AT, =K' x24=2x24=48
= T, =1557-48=150.9K

where, 7 =number of constituent ions
iMX)=1+a (3-1) =1+ 2a
(AT} )observed
(AT heoretical
i=1+2x05 = i=2

=i=1+2a
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