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SOLUTION 1

State Raoult’s law for a solution containing volatile components.
ANS: The vapour pressure of each component is directly proportional to the mole fraction of
each component.
What are azeotropes? Give an example. 1
ANS: Azeotropes are constant boiling mixtures which distill out unchanged in their composition,
e.g. ethanol and water.
10 mL of liquid A was mixed with 10 mL of liquid B. The volume of the resulting solution was found 1
to be 19.9 mL. What do you conclude?
ANS: It means solution shows —ve deviation from Raoult’s law due to increase in force of
attraction, volume decreases.
Give reason when 30 mL of ethyl alcohol and 30 mL of water are mixed, the volume of resulting 1
solution is more than 60 mL.
ANS: Itis because forces of attraction between ethyl alcohol and water are less than ethanol-
ethanol and water-water.
Two liquids A and B boil at 145 °C and 190 °C respectively. Which of them has a higher vapour 1
pressure at 80 °C?
ANS: ‘A’ because lower the boiling point, higher will be vapour pressure.
Of 0.1 molal solutions of glucose and potassium chloride respectively, which one will have a 1
higher boiling point?
ANS: 0.1 molal KCI solution will have higher boiling point because KCI dissociates into K* and
CI~ ions, therefore, number of particles will be doubled.
Which has the highest freezing point? 1
(a) 1 M glucose (b) 1 M NaCl (c) 1 M CaCl; (d) 1 M AlFs
ANS: (a) 1 M glucose solution has highest freezing point because it has lowest AT+.
Measurement of which colligative property is preferred for determination of molar mass. 1
ANS: Osmotic pressure.
Define osmotic pressure. 1
ANS: Itis the extra pressure which must be applied on solution side so as to prevent the flow of
solvent molecules from solution through semi-permeable membrane.
What is meant by ‘reverse osmosis’? 1
ANS: Reverse Osmosis: If extra pressure is applied on the solution side and exceeds the
osmotic pressure, the osmosis can be reversed. That is, pure water can be forced out of the
solution to pass through the pores of the membrane in the opposite direction. This is called
reverse 0Smosis.
A 10% solution of urea is isotonic with 20% solution of ‘x’ at same temperature. Calculate 1
molecular weight of x.

10 1000 20

—_— ){ = -

60 100 M.wt.of x

I wr N -1
ANS: M; = My, where M; and M, are molarities = M.wt. of x = 120 g mol
What is expected value of van’t Hoff factor for Ks[Fe(CN)s]. 1
K [Fe(CN),] = 3K + [Fe(CN)/]*

ANS: 1= 4
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What would be the value of van’t Hoff factor for a dilute solution of K.SO, in water?

ANs: ! =3 v K80, ——— 2KT + SO;”
In the determination of molar mass of A'B~ using a colligative property, what may be the value of
van’t Hoff factor if the solute is 50% dissociated?

ANS:
1—1 1—1
o = =
n—1 2-1
= : = 1.5 @ = 50% = 05,72 = 2, - AB—— AT + B7]

A person suffering from high blood pressure should take less common salt, why?

ANS: Common salt contains Na* and CI~ which increase osmotic pressure of blood, therefore,
increase blood pressure.

When outer shell of two eggs are removed, one of the eggs is placed in pure water and other is
placed in saturated solution of NaCl, what will be observed and why?

ANS: The egg placed in pure water will swell, whereas the egg placed in saturated solution of
NaCl will shrink.

What is the cause of anoxia?
ANS: Low level of oxygen in the blood and tissues of people living at high altitudes.

Na,SO,. 10 H,O

What is the value of i for assuming complete ionisation?

Na,SO,. 10 H,0O

ANS: i=3for assuming complete ionisation.

Why is osmotic pressure of 1 M KCl is higher than that of 1 M urea solution?

ANS: 1 M KCI solution dissociates into K™ and CI-, therefore, its osmotic pressure is higher than
that of 1 M solution of urea which does not dissociate.

The molecular masses of polymers are determined by osmotic pressure method and nor by
measuring other colligative properties. Give two reasons.

ANS: (i) Itis measured at room temperature.
(i) It has appreciable value.

Define the following terms:
(i) Mole fraction

(i) Isotonic solutions

(i) van’t Hoff factor

(iv) Ideal solution

ANS: (i) Mole fraction (x): It is the ratio of number of moles of a particular component to the total
number of moles of all the components.

H

4

oy +n '
A E where na and ng are the number of

For example, mole fraction of a component A,
moles of components ‘A’ and ‘B’ respectively.
(i) Isotonic solutions: Two solutions are said to be isotonic when they exert the same osmotic
pressure because they have same molar concentration. All intravenous injections must be isotonic
with body fluids.
(iif) van’t Hoff factor (i): The ratio of the experimental value of a colligative property to the
theoretical value (calculated on the basis of normal behaviour of solute) is known as van’t Hoff
Experimentally determined value of the colligative property

E_ =

factor. Calculated value of the colligative property (iv) Ideal

solution: Those solutions which obey Raoult’s law are called ideal solutions. When the forces of
attraction between A—A, B—B are similar to A—B, then A and B will form ideal solution.

2
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State Raoult’s Law for a solution containing volatile components. How does Raoult’s law become

a special case of Henry’s Law? 2
ANS: Raoult’s law for volatile components: It states that vapour pressure of each component is
directly proportional to its mole fraction.
pa = pa° Xa In solution of gas in liquid, one of the component is so volatile that it exists as
gas and its solubility is given by Henry’s law, p = Kn .x
Only difference between Raoult’s law and Henry’s law is KH differs from pa°.
Thus, Raoult’s law becomes a special case of Henry’s law in which KH becomes equal to
pA°.
If N2 gas is bubbled through water at 293 K, how many millimoles of N2 gas would dissolve in 1
litre of water? Assume that N exerts a partial pressure of 0.987 bar. Given that Henry’s law 2
constant for N, at 293 K is 76.48 kbar.
ANS:
Pn,  partial pressure of nitrogen
Ky = Xy, mole fraction of N,
: Qa9 har
- Xy, — P, _ U._.J?.i: bar 1.99%10°
) Ky 76480 bar
. _ 1000 __
1 litre of water contains = 22.0 moles of water.
H’N, ?’1\.’
Xy, = - = 3z
] ny, t o D90
[~ ny, 15 very very small 111 comparison to 0]
= N, = 55.5 x 1.20 x 107°
= 71.6 x 107 = 7.16 % 107* moles
= 7.16 % 107 x 10° millimoles
= 0.716 nullimole
18 g of glucose, CeH1206, is dissolved in 1 kg of water in a saucepan. At what temperature will 5
water boil at 1.103 bar? (K, for H.O is 0.52 k kg mol™)
ANS:
Given: Wg=18g. Mz =180 g mol™?, W, =1Ekg = 1000 g, AT, = -
Wy, 1000
..\-D‘i.\.'. .jiT,‘ = Kf] = Kl;_‘ X_HX E—
) My, W,
I8 1000
= 0.52Kkgmol ' x—x—— = 0.052 K
. 180 1000
Boiling point of water (T5) = 373.15 K at 1 bar pressure
Boiling point of solution = AT, + 7, = 373.15 K + 0.052 K = 373.202 K.
Find the boiling point of a solution containing 0.520 g of glucose (CgH1206) dissolved in 80.2 g of 5

water. [Given: Ky, for water = 0.52 K/m]



ﬂx 1000

AT, = K, xm = K, =

il M, W,

(.52 1000 2704 B
st = - = (0.0187

180 802 14456

= AT, = 0.52x

ANS: - Boiling powmnt of selution = 373 + 0.0187 = 373.0187 K

The boiling point of benzene is 353.23 K. When 1.80 g of non-volatile solute was dissolved in 90 g
of benzene, the boiling point is raised to 354.11 K Calculate the molar mass of solute. Ky, for 2
benzene is 2.53 K kg mol=.

ANS: Boiling point of benzene = 353.23 K,
Wsg =1.80 g, Wa=90 g,
Boiling point of solution = 354.11 K
AT, =T,-T; = 354.11 K - 353.25 K = 0.83 K

Also. AT, = K, x m
W, 1000
| — ® x K,
= AT, = "m, W, ’
180g 1000 . _. . _
— My = 5K > 0% x 253 Kkgmol™ = 57,5 ¢ mol™

Therefore,
molar mass of solute = 57.5 g mol.

An agueous solution of solidum chloride freezes below 273 K. Explain the lowering in freezing
points of water with the help of a suitable diagram.

M

—
‘%\
.
::J.
“a
% \%
.
2, C
N

Vapour prassure

W

i 1
Temperature/k ——

ANS: When a non-volatile solute is added to a solvent, its vapour pressure decreases,
therefore, at a lower temperature, vapour pressure of solid and solution becomes equal, i.e.
depression in freezing point takes place as shown in diagram.

A 1.00 molal aqueous solution of trichloroacetic acid (CCIsCOOH) is heated to its boiling point.
The solution has the boiling point of 100.18 °C. Determine the van’t Hoff factor for trichloroacetic 2
acid. (Ky for water = 0.512 K kg mol™)

‘ﬁTﬂmbaerTecl} = 100.18 °C - 100 °C = 0.18 °C

i".Ti, = Kﬂ O
= AT = 0512 x 1 = 0.512

ficalculated)
'illf-[dmwn'n'l] _ {.150
ANS: a Al Ib[ml-rular-:d] 0.512

A 0.561m solution of an unknown electrolyte depresses the freezing point of water by 2.93 °C.
What is van’t Hoff factor for this electrolyte? The freezing point depression constant (Ky) for water 2
is 1.86 °C kg mol™.
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m = 0.501, AT =203°,: =7

flobserved)
. _ — 1
Kf-l:alculatecl- = 1.80 "C kg mol
AT, = K, xm = 1.80 x 0.561 = 1.04346
AT hseved) 2.93
— flobseved) _ — 9. 89
AT 1.04 T
ANS: flcalculated)

The elevation in boiling point of 0.1 molal solution of X in water is 0.1536 °C. What conclusion do
you draw about the molecular state of X? 2
[Given: K, = 0.512 K kg mol]

AT, = K, x m = 0512 x 0.1 = 0.0512,

observed AT,  0.1536 3
p = 5 :
ANS: normal AT,  0.0512

Solute undergoes dissociation in water.
It is a strong electrolyte.

Find out the molar mass of X when 100 g of ‘X’ is dissolved in 500 mL of solution if molarity of

solution is 0.5. 2
Molarity, (M) = Y X IH]UU .
o My Volumeof solution in mL
= 0.5 = wxw = .-'113 = ﬁ = 400 g mol ™,
ANS: Mg 500 (.5
Define azeotropes. What type of azeotrope is formed by positive deviation from Raoult’s law? 5

Give an example.

ANS: Azeotropes are constant boiling mixtures which distill out unchanged in their composition.
Minimum boiling azeotropes are formed by solutions showing positive deviation, e.g. cyclohexane
and ethanol.

(i) On mixing liquid X and liquid Y, volume of the resulting solution decreases. What type of
deviation from Raoult’s law is shown by the resulting solution? What change in temperature would 5
you observe after mixing liquids X and Y?

(i) What happens when we place the blood cell in water (hypotonic solution)? Give reason.

ANS: (i) The resulting solution will show negative deviation from Raoult’s law. The temperature
of solution will increase.
(i) The cell will swell and even may burst due to inflow of solvent because of osmosis.

Calculate the boiling point of 1 molar solution of solute (Molar mass 74.5 g mol™). The density of

solution is 1.04 g mL™ and K, for water is 0.52 K kg mol™. 2
M > 1000
m =
1000 d — M > M. Wi
_ 1 1000 1000
1000x 1.04 -1x74.5 1040 -74.5
= 0 10357
ANS: 965.5 where ‘M’ is molarity, ‘m’ is molality, ‘d’ is
density and M.Wt is molecular weight. Now, AT, = m x K, = 1.0357 x 0.52 = 0.5385 .. Boiling point
of solution = 373 + 0.5385 = 373.5385 K.
The freezing point of a solution composed of 5.85 g of NaCl in 100 g of water is —3.348 °C. 5

Calculate the van't Hoff factor ‘i’ for this solution. K (water) = 1.86 K kg mol=2.
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. W
AT, = i x K. x Vo y 1000

4 4 '\_ 1 & [' 1.-’]
= 3.3548 = ; ¥ 1.86 X '13'1 % H]UU:
_ hE.h 100
;= 3.348x10 _ L5

ANS: a 1Ox1.86

What is van’t Hoff factor? What types of values can it have if in forming the solution the solute
molecules undergo (i) Dissociation (ii) Association?

ANS: van’t Hoff factor is the ratio of observed colligative property to the normal colligative
property:
(i) 1 > 1 for dissociation. (ii) i < 1 for association.

At 25 °C the saturated vapour pressure of water is 3.165 kPa (23.75 mm Hg). Find the saturated
vapour pressure of a 5% aqueous solution of urea (carbamide) at the same temperature. (Molar
mass of urea = 60.05 g mol™)

ANS:
W,
Py — Py — o = M,
5 °B W + Wy
M, M,
_ Wy Wy W
N 3.165 kPa - Pa _ M, M, M,
3.166 kP, W,
Molecular 'weight of urea = 60.05 g mol™!
]
B0.05
= 1—!&—'1_ = 95
3.165 i
14
- b _ 5 18 18
3.165 60,05 95 11:40).95
15 400,95 — 14, 1122.95
. P_m_ _ - _ :11111 ] IHUU: j
a.165 1140).95 114,95 1 140,95
3.165=1122.95 i
= Py = = 5.115 kPa = 3.12 kPa

1140.95

Some ethylene glycol, HOCH,—CH,OH is added to your car’s cooling system along with 5 kg of
water. If the freezing point of water glycol solution is —15 °C, what is the boiling point of the
solution? [Kp, = 0.52 K kg mol, Ks = 1.86 K kg mol]
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AT, = 0°C - (=15 °C) = 15 °C

AT, = K, % m
= 15 °C = 1.86 X m
Also. AT, = K, X m
= AT, = 0.52 X m
Dividing (1) by (i) we get

15 1.8b6

AT, — 0.52
E 1 T
AT = 15X0.52_780 o
. 1.56 1.86
ANS: Boiling pomnt of solution = 373 + 4.19 = 377.19 K

What would be the molar mass of a compound if 6.21 g of it dissolved in 24.0 g of chloroform
forms a solution that has a boiling point of 68.04 °C. The boiling point of pure chloroform is 61.7
°C and the boiling point elevation constant, K, for chloroform is 3.63 °C/m.

AT, = 68.04 °C - 61.70 °C = 6.5¢ °C

W, 1000 6.21 1000
Also, AT, = Ky x—Lx—— = 654 = 3.63 °C/ m x——x
: M, W, M, 24
\ _ 3:63x6.21x1000 _ 22542.3 o .
anNs: Mo = Tosaxor  1s216 MBI g el

What mass of ethylene glycol (molar mass = 62.0 g mol™) must be added to 5.50 kg of water to
lower the freezing point of water from 0 °C to —10.0 °C? (K; for water = 1.86 K kg mol™)

ANS:
Given: M, = 620 g moll, "r"."_jl = 5.50 kg.
AT, =0 “C - (=10.0 °C) = 10.0 °C,
K. = 1.86 K kg mol™
xﬂy 1000

_l; "H_ .:;H [_ 1_[

. ATy % My < W, 10 =62 = 5500 3410 13
— v = = = = 1853.35 ¢
B K ;= 1000 1.86 = 1000 1.86 Uee s

Now, AT, = K

15 g of an unknown molecular substance was dissolved in 450 g of water. The resulting solution
freezes at — 0.34 °C. What is the molar mass of the substance? (K for water = 1.86 K kg mol™)

ANS:
Given: .fj.TIT. = 0.54 °C, K.=180Kkg mol™, MB =7, I’I'B =15 g. H:’J =450g

W, 1000
. ) . _ K . % Ji] .
Now, AT = 2 0, " w,

. 1A 1000
X — %

- 0.54 = 1.56
’ M, 450
1.86 %15 %100 186
LV = = — = D95 o -1
- Ms 0.34 = 45 1.02 182.35 g mol

A solution of urea in water has a boiling point of 373.128 K. Calculate the freezing point of the
same solution. [Given: For water, Ki = 1.86 Km™, Ky = 0.52 Km]
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AT, = K, x m
= 0.128 = 0.52 < m
(L1285 .
= m = = 0.2406 mol'kg

(.52
N ow, i".]’: = K, xm = 1.80 x 0.2406 = 0.457
ANS: Freezing point = 275 — 0,457 = 272,545 K

Calculate the mass of compound (molar mass = 256 g mol™) to be dissolved in 75 g of benzene
to lower its freezing point by 0.48 K (K; = 5.12 K kg mol™).

ANS:
AT, = 048 K, My = 256 g mol™", W = 2. W, = 75 g. K, = 5.12 K kg mol"’
Now. AT, = K, x —& x 1290
T M, W,
W
= 0.48 = 5.19 x B 1000
256 75
A8 DEE W A8 ARR % 48 £ ;
N = 0A8X256x3 _ 48x256x100x3 _ 48x3 _ 18

= -~ =138
- 5.12 % 40 100 % 512 x 40 2x40 10 8

Calculate the amount of sodium chloride which must be added to one kilogram of water so that
the freezing point of water is depressed by 3 K. [Given: K; = 1.86 K kg mol~, Atomic mass: Na =
23.0, Cl = 35.5]

« Wy 5 1000

AT, =i x K,
] T M, W,
~ 5 o 18g x W, 1000
J = 2 . - S
58.5 1000
o e 3x58.5 175.5
NS nacl— ?i S W= 9x186 872 =178

0.1 mole of acetic acid was dissolved in 1 kg of benzene. Depression in freezing point of benzene
was determined to be 0.256 K. What conclusion can you draw about the state of the solute in
solution? [Given: K; for benzene = 5.12 K/m]

AT, = K, % m
= AT, = 5.12 K x 0.1
= AT, = 0.512 K

Observed AT,  (0.256 1
S = = 35

Normal AT, 0.512 2

ANS: It shows that acetic acid exists as dimer in benzene.

0.6 mL of acetic acid (CHsCOOH), having density 1.06 g mL™, is dissolved in 1 litre of water. The
depression in freezing point observed for this strength of acid was 0.0205 °C. Calculate the van’t
Hoff factor and the dissociation constant of acid.

3

3
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W, 1000
AT, = K, x m = 1.86x—L x——
f= B xm M, W,

0.6 x1.06 5 1OO0
60 1OO0

= l.8b =

= 1.80 % 0.0106 = 0.0197 K

. Observed i‘-.'l'f (0.0205
= — = — = 1.041
! Calculated ﬂl'r 0.0197

i1 1.041-1
T T
o _ Cot_00106x0041
o — — . % -
ANS. “ T 1-a 1-0.041

Calculate the amount of CaCl, (molar mass 111 g mol=) which must be added to 500 g of water
to lower the freezing point by 2K, assuming CacCl, is completely dissociated. (Ks = 1.86 K kg mol™)

CaCl, — Ca™" + 2CI°

i = 3, AT, = 2K, Wy = 2, My = 111 g mol™, W, = 500 g
) 45
AT, i &, x Yo 1000
J J "\_IH [_1_4
[_‘l_'
= 0 = 5 x 1.86 x 8 x LU0V
111 A0
W, = 1L _19.89¢
ANS: A.5h8 -

3.9 g of Benzoic acid dissolved in 49 g of benzene shows a depression in freezing point of 1.62 K.
Calculate the van’t Hoff factor and predict the nature of solute (associated or dissociated). (Given; 3
Molar mass of benzoic acid = 122 g mol=, K for benzene = 4.9 K kg mol™)

. W

AT. = i K, X B 1000

oMW,

3.9 " 1000
122 49

1.62 = 122 % 449

1.62 =3 x 4.9 %

= P =
4.9 = 3.9 = 1000
OFREA 26
_ .th{:illl.ﬂh — 0.506
ANS: . Since i’ is close to 0.5, therefore,

solute associates, i.e. exists as dimer.

Calculate the mass of NaCl (molar mass = 58.5 g mol™?) to be dissolved in 37.2 g of water to lower

the freezing point by 2 °C, assuming that NaCl undergoes complete dissociation. (K; for water= 3
1.86 K kg mol™)
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NaCl —— Na©™ + CI-

=2
. W,
AT, = K. x _—Hx IUE]U
g / M, W,
= 9 =9 x 1.86 x —Lx 12
hl.h  AV.2
Y L I17H.9

— .”,B _ .l?-'i.._yx.’?u.._. :hl_ff_]“_'ZI.l'?g
ANS: 1.86 = 1000 1 86
A 5% solution by mass of cane sugar, Ci2H22011 (molecular weight 342) is isotonic with 0.877% 3
solution of substance “X’. Find the molecular weight of substance X.

Hcane SUZAr - H}:

W o W, _ A

= ."d“““""d[ = .J‘ = - Jq = ”'?.h L = M, =5990r 60 g mol™?
ANS: ‘ﬂ'.;i::atlte sugar I”Jl. 54 = II”JL
6.90 M solution of KOH in water contains 30% by mass of KOH. Calculate density and molality of 3
KOH solution. [K =39, O =16, H = 1]

: Yo by mass X d % 10
Melarity (M) = ooy mas
' MWt
I xdx , 1.9 % 5Hb 3864 .
— 6.0 = ) 'r:E_ 10 — 4= b i1& _ 864 — 1.988 g e
b 30 =10 A00
. W : : - .

Molality (m) = _—HK 1{]1!]{] = ﬂx 12”” = %{1{‘]:] = 7.655 mol'kg
ANS: M W, hb iy a02
State Henry’s Law. What is the effect of temperature on the solubility of gas in a liquid? 3
ANS: Henry’s Law: It states ‘Partial pressure of gas dissolved in a liquid is directly proportional

Pgas * 'Tgas
=K. xox_

to its mole fraction’. Pﬁ“ H S%where Ky is Henry’s Law constant and
xgas is mole fraction.
The solubility of a gas in a liquid decreases with increase in temperature.
The Henry’s Law constant for oxygen dissolved in water is 4.34x10* atm at 25 °C. If the partial 3

pressure of oxygen in air is 0.2 atm, calculate the solubility of oxygen in water at 25 °C.

— . a 4 — 9
PD: = KH b Xa, = 4.54 x 10" atm X Xg, = 0.2 atm

£y
= Xg, = ”—“1 = 4.608 x 107°
- 4.54 = 10)
¥i Ti i
Xgy = O~ % o 41608 x 10° = 2
i Ro, TR0 Lo 1000
 ene w106 w1 18
= R = 1.608 X”.] x1000 _ 2,56 % 107 mol/L
ANS: - 15

Calculate the normal boiling point of a sample of sea water containing 3.5% of NaCl and 0.13% of
MgCl; by mass. [Given K, (water) = 0.52 K kg mol=, Mol. Wt. of NaCl = 58.5 g mol™, MgCl, =95 3
g mol].

10



ANS: Assuming complete dissociation of NaCl and MgCly, i.e. 1 mole of NaCl produces 2 moles
of species and 1 mole of MgCl; produces 3 moles of species.
Wy ) _2x35 3x013 _

The number of moles of species 1n water | 77— ——— — = 0.12.
M, 885 05

The mass of water in the solution .;ll-;]‘;- =100 g - (3.5 +0.13) g =90.37 ¢
We 1000 10010
=10 by

Now,m = —xX—— = (.12 - = 1.25 mol'kg.
My W, 96.57
AT, = K, x m = 0.52 x 1.25 = 0.65 K.
" Boiling pomnt of solution = 373 + 0.65 = 373.65 K
55 An agueous solution of 3.12 g of BaCl» in 250 g of water is found to boil at 100.0832 °C. Calculate 3
the degree of dissociation of BaCls. [Ky (H20) = 0.52 K/m.]
AT, = 100.0832 — 100.0 = 0.0832 °C,
K, = 0.52 K kg mol™,
W, =250g W;,=2312g.
Mg = 137 + 71 = 208 g mol™!
: W
Now, AT, = iK, x —&x 120
M, W,
a 19
= 0.08532 = x 0.52 x j‘l_“ * leml
208 250
Q30 S TAT [
_ ;= t].t]H.LxJ]rH _ 1_:...*’;{] — 966
4512052 6.489
- 9 e -
Now. o = 1 _ 2.bb—1 _ 1.66 — 0.85
n—1 3-1 2
ANS: - Degree of dissociation (a) = 83%
56 Calculate the freezing point of a 1 molar aqueous solution of KCI. (Density of solution =1.04 g 3
cm=3, Ky = 1.86 K kg mol, At. Wt. of K = 39 and Cl = 35.5)
ANS:

Mass of solution = 1000 = 1.04 = 1040 g
Mass of solute = 74.5 g

Mass of solvent = 1040 — 74.5 = 96565 g

H_ L B I -4
m = B I{J{FJU _ i I“.} o “.”.”1 — 10557 m
"1"13 H‘A T4.5 9655
MNaw, ,i".Ir'“J =i xmx K, =2 x1.03557 x 1.86 [KC]l — KT + Cl i = 2]
= .i'l.]""J = 3,802 K
Freezing pomt of solution = 275 K - 3.852 K = 260.148 K
57 (a) Calculate the molality of sulphuric acid solution in which mole fraction of wateris 0.8.[H=1, S

=32, 0 = 164]
(b) Calculate molality and mole fraction of solute in a sugar syrup of mass 214.2 g containing 34.2 >
g of sucrose (MWt of sucrose, C12H2011 = 342 g mol™).

11



ANS:
"

'::ﬂxl' Xg = m [ngO = 0.8, xH:SD;_ =1-08=0.2
M,
s I:IIE = L
1000
m+—
18
) cl
= D.E’m+L_m=m:‘=D.8m=L_m
[ 18
9 9
= m = 200x 10 = 2000 =13.88 mol/kg
144 141 i
where xz; = Mole fraction of H,SO,
M, = Molar mass of water
m = Molality
(b) Mass of solvent = Mass of solution — Mass of solute
= 214.2 - 54.2 = 180 g.
: W 34.2 5 o :
Molality (m) = —& x llllllr]{] = ¥ * 1{?{]{] =£=—} = 0.556 mol'kg
’ Mg W, 342 180 18 9
We
. _ M
Mole fraction of solute (x;) = —————
) Wy W,
M T
Mg, M,
34.2
349 _ .1 _ 0.1 _ 1 — 0.0099
4.2 180 O.1+10  10.1 101
342 18
58 (a) A sample of water was found to contain dissolved oxygen (O) to the extent of 5 ppm and

hardness due to Mg?* is 15 ppm. Calculate the amount of O, and number of Mg?* in 1 litre of water
(density of water = 1g/mL). (b) What volume of 98% sulphuric acid (d = 1.84 g cm~2) and what 5
mass of water must be required to prepare 500 cm3 of 15% solution of H.SO, (d = 1.10 g cm=)?
[H=1,S=32,0=16u]
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(@) Mass of 1L of water = 1000 g = ”::._j -+ I’I'B

LL'H 6 _ LL'H i
ppm (oxvgen) = ———— ¥ 10° = 5 = 10
W, + W, 1000
= W, = .-;m:_u =5x 107g
10°
W W -
ppm (hardness) = e 105 = 15 = B_ s 1)®
W, + Wy 1000
= w, = X100 T;:]“” =15 %x10%g=15x 102 ¢g
Number of Mg?* = — M8 __ 5995 x 10%
Molar mass
= LOX10 i 6.023%10%
24
¢ 3415 o . V.
- ~“{;~:'~’ x 102 =3.764 x 102
U by mass ¥ 4 % 10 058 % 1.84 =10 _
b) M, = -' = =184 M
| ! MWt 08
v = Jebymassxdx10 _ 15x1.10x10 _165 _| oo
o MWt 08 98
MV, = MV,

= 184 x I, = 1.68 x 500 cm’
.68 500 4 _ 840

V, = Tu.m :m: 45.65 cm?
ANS: ’ ’
(a) State Raoult’s law for a solution containing volatile components. Name the solution which
follows Raoult’s law at all concentrations and temperatures. (b) Calculate the boiling point
elevation for a solution prepared by adding 10 g of CaCl, to 200 g of water. (K, for water = 0.512

K kg mol™, Molar mass of CaCl, =111 g mol™?)

ANS: (a) Raoult’s law: It states that vapour pressure of each component is directly proportional
to its mole fraction when both solute and solvent are volatile.

. — 0.
PyaFxy = Py T Paxy
and bp Exg = pp= ;,‘Jg Xp
and temperatures. (b)
CaCl, — Ca"" + 2CI";

Ideal solution follows Raoult’s law at all concentrations

Caven: H-'B =10 g. ‘MB =111 g mol™:: = 3. K& = 0512 K kg mol™? and
W, = 200 g.

Now, AT, = K, X .H 5 11]5]{]
M, W,
= AT, = 3 X 0.512 X 0 b4 1000 _ 76.8 _ 0.602 K

111 200 111

(a) Define the following terms:

(i) Azeotrope (ii) Osmotic pressure (iii) Colligative properties

(b) Calculate the molarity of 9.8% (w/w) solution of H,SO. if the density of the solution is 1.02 g
mL~ (Molar mass of H.SO, = 98 g mol™)

ANS: (a) (i) Azeotrope: Those solutions which distill out unchanged in their composition are
called azeotropes. They are constant boiling mixtures.

13
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(ii) Osmotic pressure: It is an extra pressure which must be applied on solution side so as to stop
the flow of solvent molecules into solution when both are separated by a semipermeable
membrane.

(i) Colligative property: The property which depends on the number of particles of solute and not

on the nature of solute is called colligative property. (b)
Wy v 1000

Molarity (M) =

M, Volume ol solution in mL.

9. 9. _
_ .H y H‘]l]ll ‘ _ .H y 1000 —1.09mol 1!

08 Mass ol solution 08 100

density of solution 1.02

(a) Define the following terms:

(i) Molarity

(ii) Molal elevation constant (Kp)

(b) A solution containing 15 g urea (molar mass = 60 g mol™) per litre of solution in water has the
same osmotic pressure (isotonic) as a solution of glucose (molar mass = 180 g mol=) in water.
Calculate the mass of glucose present in one litre of its solution.

ANS: (a) (i) Molarity: It is defined as the number of moles of solute dissolved per litre of
solution.
(i) Molal elevation constant (Ky): It is equal to elevation in boiling point when solution is one molal.

W, =15g. M, = 60 g mol™, W, = ?, My = 180 g mol™
(b) In Isotonic solution, M, = M,
L'V,l 100 L'VH 1 000
= =X - - - = X - - -
M, volume of solution (in mL.) M, volume of solution (in mL)
15 1000 L'L":H_ 1000
= — % = b
Bl 1000 150 1000
15 %180
— W, = ——— = 45
: 60 78

(a) What is van’t Hoff factor? What possible values can it have if the solute molecules undergo
dissociation?

(b) An aqueous solution containing 12.48 g of barium chloride in 1.0 kg of water boils at 373.0832 5
K. Calculate the degree of dissociation of barium chloride.

[Given; Ky, for H,O = 0.52 K m™; Molar mass of BaCl, = 208.34 g mol]

14
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ANS:
(@) van't Hoff factor (i) 1s defined as the ratio of observed colligative property

to the normal colligatire property.

Observed colligative property

= : . .
Normal colligative property

o

1 = 1 for dissociation.
(6) BaCl, == Ba’" + 2CI°

AT, = 375.0832 K - 3753.0 K = 0.0852 K

Now, AT, = P K, x m
. ~ Wy 1
= 0.0832 = = 0.52 x ® - -
My Mass of solvent in kg
1248 1 00852 = 208,34
= 0.08532 =3 x0.52 % 908.34 Kl_ = = 0.52%12 .48 = 2.67
. 1—1  2.67-1
o= I, = =
n—1 3-1
1.67
= oa="45 =083 =a=2835%

—_

(a) Explain the following:

(i) Henry’s law about dissolution of a gas in a liquid.

(i) Boiling point elevation constant for a solvent.

(b) A solution of glycerol (CsHsOs) in water was prepared by dissolving some glycerol in 500 g of
water. This solution has a boiling point of 100.42 °C. What mass of glycerol was dissolved to
make this solution? (K, for water = 0.512 K kg mol=?)

ANS: (a) (i) Henry’s Law: It states that the solubility of a gas in a liquid is directly proportional to
the pressure of the gas. If mole fraction of a gas in the solution is used as a measure of solubility,
then it can be defined as the mole fraction of a gas in the solution is directly proportional to the
partial pressure of the gas over the solution.
p = KuX,
where ‘p’ is partial pressure of gas, ‘X’ is mole fraction of the gas and Ky is Henry’s law constant.
(if) Boiling Point Elevation Constant (Molal Boiling Point Elevation Constant): It is equal to
elevation in boiling point of 1 molal solution, i.e. 1 mole of solute is dissolved in 1 kg of solvent.
The units of Ky is K/m or °C/m or K kg mol=. (b)
We=+:M,=50+38+48 =092 g mol™?, W, = 500 g.

AT, = 100.42 °C - 100 °C = 0.42 °C
- o h . 1 000

e _ K
Now. AT, =™ ", W,
W, 1000
= 0.49 — 0.519x 28, 10U
92 500
Lo 042x02 3864
= BT 9x0512 — 1.024 _ °l1°8

(a) Differentiate between molarity and molality for a solution. How does a change in temperature
influence their values?

(b) Calculate the freezing point of an aqueous solution containing 10.50 g of MgBr; in 200 g of
water. (Molar mass of MgBr. = 184 g) (K for water = 1.86 K kg mol™)

ANS: (a) Molality is defined as the number of moles of solute per kg of solvent. It is not affected
by temperature. Molarity is defined as the number of moles of solute per litre of solution. It

15
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decreases with increase in temperature. (b)
MgBrylag) — ?»-Ig""[g.:f] + 2Br” (agq)
1 =5

AT = K. x Vo, 1000
J oM, W,

=i

o 10LB0 1000 20295
—_— 1.hE] X X b ..‘} —_— - _— ]...-:'gn
184 200 184 -

" Freezing pomt of soluton = 273 — 1.592 = 271.408 K

(a) Define the terms osmosis and osmotic pressure. Is the osmotic pressure of a solution a
colligative property? Explain.

(b) Calculate the boiling point of a solution prepared by adding 15.00 g of NaCl to 250.0 g of
water. (Kp, for water = 0.512 K kg mol, Molar mass of NaCl = 58.44 g)

ANS: (a) Osmosis: When a solution is separated from the solvent by a semipermeable

membrane which allows the passage of solvent molecules but does not allow solute particles to

pass through it, there is net flow of solvent molecules from the solvent to the solution which is

called osmosis.

Osmotic Pressure: Osmotic pressure may be defined as an extra pressure that must be applied to

the solution side to prevent the flow of solvent into solution through a semipermeable membrane.
NaCl — Na™ + CI

1= 2

.ET = .'-XKI.KHixM
’ M, W,

= AT, = 2x0.512x 2 x 1000

58.44 250

f_’ “-" f_] :" / [ &

_ w(1Lhl12x1hx4 1.4 105
() 58.44 58.44

"~ Boiling poimnt of solution = 375 + 1.05 = 374.05 K

(a) State the following:

(i) Henry's law about partial pressure of a gas in a mixture.

(i) Raoult’s law in its general form in reference to solutions.

(b) A solution prepared by dissolving 8.95 mg of a gene fragment in 35.0 mL of water has an
osmotic pressure of 0.335 torr at 25 °C. Assuming the gene fragment is non-electrolyte, determine
its molar mass.

ANS: (a) (i) Henry’s Law: It states that the partial vapour pressure of a gas in vapour phase is
directly proportional to mole fraction of the gas in the solution.

b= Ky where KH is Henry’s law constant, ‘X’ is mole fraction of the gas in solution and
p is partial vapour pressure of the gas in solution. (ii) Raoult’s law for solution of non-
volatile solute: The relative lowering of vapour pressure for a solution is equal to the mole
fraction of solute when solvent alone is volatile.
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(s]
fll’].-[ B P.-[ —
o "B
P
where Pf. 15 vapour pressure of pure component AL P N 15 vapour pressure

of component ‘A 11 solution, Xp 15 mole fraction of solute, Jf:-f;— Ba

. : iy — e . :
15 lowermg of vapour pressure and ftﬁ% 15 relanve lowermg of
A
vapour pressure.
(5) [IV = »nRT
Wy .
F= x =
= 11 M, L
(0.335 35 805107 x0.0821 x 298
= e =
760 1000 M,

760 % 1000%8.95% 107" x 0.0821 298  166.416 % 10°
= .'HlfifB = - - = moF
0.55h= 35 11.725

= 14.19 x 10° = 1.419 x 10* g mol™

(a) List any four factors on which the colligative properties of a solution depend.
(b) Calculate the boiling point of one molar aqueous solution (density 1.06 gmL™) of KBr. 5
[Given: Ky, for H,O = 0.52 K kg mol~t, Atomic mass: K = 39, Br = 80]

ANS: (a) (i) Number of particles of solute
(ii) Association or dissociation of solute
(iii) Concentration of solution
(iv) Temperature (b)
M = 1000 1= 1000

(1000 xd — M x My)  [1000x1.06 —(1x119)]

[ Mg of KBr = 30 + 80 = 119 ¢ 111::11_1]
1000 1000
1060 -119 941
KBr — KT + Br~

= m o=

1 =2

100 520
= O 09— T
941 o941 X2 = LIOK
. Boiling point of solution = 373 + 1.10 = 37410 K

AT, =1 x K, xm = 2 x 0.52 x

(a) Non-ideal solutions exhibit either positive or negative deviations from Raoult’s law. What are
these deviations and how are they caused?

(b) What mass of NaCl (molar mass = 58.5 g mol) must be dissolved in 65 g of water to lower 5
the freezing point by 7.50 °C? The freezing point depression constant, K; for water is 1.86 K kg
mol—. Assume van't Hoff factor for NaCl is 1.87.

ANS: (a) Positive Deviation from Raoult’'s Law: Those non-ideal solutions, in which partial
pressure of each component ‘A’ and ‘B’ is higher than that calculated from Raoult’s law show
positive deviation from Raoult’s law, e.g. water and ethanol show positive deviation because the
force of attraction between ethanol-water is less than between ethanol-ethanol and waterwater
molecules, therefore, vapour pressure is high.

Negative Deviation from Raoult’'s Law: The partial vapour pressure of component ‘A’ is found to
be less than that calculated from Raoult’s law on adding the second component ‘B’ and when A is
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added to B, the partial vapour pressure of component ‘B’ is found to be less than that calculated
from Raoult’s law. The total vapour pressure of solution is less than that of ideal solution of same
composition. Boiling point of such solution is relatively higher than the boiling points of A and B
respectively. This type of deviation from ideal behaviour is known as negative deviation from
Raoult’s law, e.g. chloroform and acetone show negative deviation because the force of attraction
between chloroform and acetone is higher than chloroform-chloroform and acetone-acetone
molecules, therefore, vapour pressure is low. (b)

M,=0585g mol™!, Wg=:W,=065g, j“Tf = 7.5 °C, E = 1.80 K kg mol~,

r = 1.87

H_H ) 1000 "

L"';T.- = h.r' x -
J - .\'IH [’1‘;
_ W, - M.’F x,..y-IHXH.-._i _ 7',>. ;';.E-;.:'foi:'r _ 28518.75 _ 8.90 g
K¢ x1x1000 186 = 1.87 = 1000 478,20

(a) Explain why a solution of chloroform and acetone shows negative deviation from Raoult’s law.
(b) Phenol associates in benzene to certain extent to form a dimer. A solution containing 20 g of
phenol in 1.0 kg of benzene has its freezing point lowered by 0.69 K. Calculate the fraction of
phenol that has dimerised. [Given K; for benzene = 5.1 Km™]

5

ANS: (a) Itis due to the formation of H-bonding due to which escaping tendency of molecules
and vapour pressure of the solution decrease, and boiling point of the solution increases. Hence,
such solution shows negative deviation from Raoult’s law. (b)

AT, = 0.69 K. K, = 5.1 K/m, W, = 20 g. W, = 1 kg = 1000 g

o4

Wy 1000

AT. = ] W —= .r"\.,-
AT, M, W,
&
= 0.60 = ix22, 1000 51
94 1000
1.6Y9=94 H4.86 0
= = = 0.635
T 90x5.1 102 77
1—-: 1-0.635 0.365
1 —— 1 —— —
N 2 2
o = degree of association = 0.750 x 100 = 75%

(a) Define the terms osmosis and osmotic pressure. What is the advantage of using osmotic
pressure as compared to other colligative properties for the determination of molar masses of
solutes in solutions?

(b) A solution prepared from 1.25 g of oil of wintergreen (methyl salicylate) in 90.0 g of benzene
has a boiling point of 80.31 °C. Determine the molar mass of this compound. (Boiling point of pure
benzene = 80.10 °C and K, for benzene = 2.53 °C kg mol™?)

ANS: (a) Osmosis: When a solution is separated from the solvent by a semipermeable
membrane which allows the passage of solvent molecules but does not allow solute particles to
pass through it, there is net flow of solvent molecules from the solvent to the solution which is
called osmosis.

Osmotic Pressure: Osmotic pressure may be defined as an extra pressure that must be applied to
the solution side to prevent the flow of solvent into solution through a semipermeable membrane.
Osmotic pressure is determined at room temperature and has appreciable value which can be
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easily measured. (b)
Given: W, = 1.25 g, W, = 00 g, AT, = 80.31 — 80.10 = 0.21 °C. M, =7,
K, = 2.53 °C kg mol™

- H_H>' 1000

AT, = K,
’ M, W,
aR
_ M = uﬁxlmmx}iﬁ _ L95x1000 .,
B AT =W, 0.21 x 90
o o 31625 .
= My = 189 167.328 g mo

(a) Differentiate between molarity and molality of a solution. How can we change molality value to
a solution into molarity value.
(b) What is the mole fraction of the solute in a 1.00 m aqueous solution

ANS: (a) Molality (m) is the number of moles of the solute dissolved per kg of solvent. Molarity
(M) is the number of moles of the solute dissolved per litre of solution. Molality is not affected by
temperature, whereas molarity is affected by temperature because volume changes with change
in temperature. If we know the density of a solution, ‘m’ can be changed into M.

_ M o= 1000
1000 % d — M x Molecular weight (b)
m =1
Ny = — = xp = L___18 401768
1000 1oo0 1018
m + |l + —
M ]

A

(a) Assuming complete ionisation, calculate the expected freezing point of solution prepared by
dissolving 6.00 g of Glauber’s salt, NaSO4.10H,0 in 0.1 kg of H,O. (K¢ for H,O = 1.86 K kg mol™)
[At. mass of Na=23,5S=32,0=16,H=1u].

(b) Two liquids X and Y boil at 110 °C and 130 °C respectively. Which of them has higher vapour
pressure at 50 °C ?

ANS: (a)

Na,50,.10H,0 — 2Na™+ SO+ 10H,O

W,=06g W, =01kg.:=3 K =1.86Kkgmol. M, =46 + 32 + 64
+ 180 = 322 g mol™

W ] ) 6 1 334.8
ﬂTI: = K P B ® - = 3 = 1.86 = 399 01 = 399
] My, W, in kg 1 , 322 . 399

= 1.0398 K (b) X has

lower boiling point, therefore, it will vaporise easily and will have higher vapour pressure than Y at
50 °C.

The molality of pure water is
(a) 55.5 (b) 50.5
(c) 18 (d) 60.5

ANS: (a) Molality = Number of moles/kg of solvent
1000

_ I8
kg of solvent _ g5 5 moles/kg

The number of moles of NaCl in 3 litres of 3M solution is
@1()3
(c) 9 (d) 27
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ANS: (c) 3M solution means 3 moles in 1 litre.
9 moles in 3 litre.

4L of 0.02 M aqueous solution of NaCl was diluted by adding one litre of water. The molality of the
resultant solution is . (@) 0.004 (b) 0.008 1
(c) 0.012 (d) 0.016

ANS:  (d) M1Vi =MV,

0.08
0.02x4=Myx(4+1)=>M,= 5 =0.016

Low concentration of oxygen in the blood and tissues of people living at high altitude is due to

(a) low temperature

(b) low atmospheric pressure 1
(c) high atmospheric pressure

(d) both low temperature and high atmospheric pressure

ANS: (b) Low atmospheric pressure will lead to low concentration of oxygen blood.

Considering the formation, breaking and strength of hydrogen bond, predict which of the following
mixtures will show a positive deviation from Raoult’s law?

(a) Methanol and acetone. 1

(b) Chloroform and acetone.
(c) Nitric acid and water.
(d) Phenol and aniline.

ANS: (a) CH3OH and acetone, on mixing force of attraction will decrease.

Which of the following aqueous solutions should have the highest boiling point?
(a) 1.0 M NaOH (b) 1.0 M Na,SO4 1
(c) 1.0 M NH4NO3 (d) 1.0 M KNOs

ANS: (b) Because i = 3, ATy « i, Boiling point o< ATp.

In comparison to a 0.01 M solution of glucose, the depression in freezing point of a 0.01 M MgCl.
solution is :

(a) the same (b) about twice

(c) about three times (d) about six times

ANS: (c) It will be nearly 3 times because number of particles in MgCl, — Mg?* + 2CI- are thrice
than glucose.

An unripe mango placed in a concentrated salt solution to prepare pickle, shrivels because

(a) it gains water due to osmaosis.
(b) it loses water due to reverse osmosis.
(c) it gains water due to reverse osmosis.
(d) it loses water due to osmosis.

ANS: (d) Concentrated salt solution is hypertonic solution, therefore, fluids inside mango will
come out and it shrivels.

Which of the following statements is false?

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

(b) The osmotic pressure of a solution is given by the equation [ = CRT (where C is the molarity 1
of the solution).

(c) Decreasing order of osmotic pressure for 0.01 M aqueous solutions of barium chloride,
potassium chloride, acetic acid and sucrose is

BaCl, > KCIl > CH3;COOH > sucrose.
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(d) According to Raoult’s law, the vapour pressure exerted by a volatile component of a solution is

directly proportional to its mole fraction in the solution.

ANS: (a) is false because AT: will depend upon nature of solvent and their Ks .

The value of Henry’s constant Ky is
(a) greater for gases with higher solubility.
(b) greater for gases with lower solubility.
(c) constant for all gases.

(d) not related to the solubility of gases.

ANS: (b) Higher the value of Ky, lower will be solubility.

Piston (A)

T

h

Pistan (B)

o

Fresh water
(A)

Concentrated
sodium chloride
solution in water (B)

Consider the figure and mark the correct option.

(a) water

will move from side (A) to side (B) if a pressure lower than osmotic pressure is applied on piston

(B).

(b) water will move from side (B) to side (A) if a pressure greater than osmotic pressure is applied

on piston (B).

(c) water will move from side (B) to side (A) if a pressure equal to osmotic pressure is applied on

piston (B).

(d) water will move from side (A) to side (B) if pressure equal to osmotic pressure is applied on

piston (A).

ANS: (b) Reverse osmosis will take place.

A solution containing 10 g per dm?® of urea (molar mass 60 g mol™) is isotonic with 5% solution of

non-volatile solute, MB of solute is
(a) 300 g mol (b) 350 g mol
(c) 200 g mol™* (d) 250 g mol~

L
ANS: (a) 00
= x =300 g mol*
1000 cm? contains 10 g
100 cm?® contains 1 g, i.e., 1%.

3
+

Conc. H2S04 is 98 % H,SO4 by mass has d = 1.84 g cm—. Volume of acid required to make one

litre of 0.1 M H,SO4 is

(a) 5.55 mL (b) 10 mL

(c) 20 mL (d) 30 mL

_ G = 10=1.84
o8

| MV, = M,V,

(@) M =184 M

184 = V,=0.1 = 1000

ANS: V, =555 mL
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What is mole fraction of solute in 1.00 m aqueous solution?
(a) 0.0354 (b) 0.0177
(c) 0.177 (d) 1.770

m ]

b X, = -
®) B 1000 L 1000

M, 18

= — =0.0177
ANS: 1018

When 1 mole of benzene is mixed with 1 mole of toluene (vapour pressure of benzene = 12.8
kPa, Toluene = 3.85 kPa)

(a) The vapour will contain equal amount of benzene and toluene.

(b) Not enough information is given for prediction.

(c) The vapour will contain a higher percentage of benzene.

(d) The vapour will contain higher percentage of toluene.

ANS: (c) Itis because benzene has high vapour pressure, it will form more vapours as
compared to toluene.

At 100°C, the vapour pressure of a solution of 6.5 g of solute in 100 g of water is 732 mm. If Ky is
0.52 K/m, the boiling point of solution will be

(a) 102°C (b) 103°C

(c) 101°C (d) 100°C

(c) PPy Xg
P
760732 i
760 B
Xg — T
590
- v = m
B 1000
m -+
M,
7 _ m
190 1000
m+
1%
= ?m—m=19ﬂm
18
= 183m = M
18
. = 7000
3294
= AT, =K, xm=0.52x 2299 _ 06
PR 294
ANS: B.Pt = 100 + 1.06 = 101°C

Which of the following is incorrect for an ideal solution?
(@) AHmix =0 (b) AVmix =0

(C) AP = Pops — Pcaiculated = 0

(d) AGmix =0

ANS: (d) AG cannot be equal to zero because mixing does not lead to equilibrium.
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If molality of dilute solution is doubled, the value of molal depression constant (K ) will be
(a) halved (b) tripled
(c) unchanged (d) doubled

ANS: (c) K does not depend upon ‘m’. It depends upon nature of solvent.

The temperature at which 10% aqueous solution of (W/V) of glucose will show the osmotic
pressure of 16.4 atom is (R = 0.082 L atom K= mol?)

(a) 360°C (b) 180 K

(c) 300 K (d) 360 K

(d) nV =nRT
164=01= 0, 0.082=T
180
_ 18x164x0.1 350K
ANS: 0.082

Which has the highest freezing point?
(@) 1 M glucose (b) 1 M NaCl
(c) 1 M CaClz (d) 1 M AlF3

ANS: (a) 1 M glucose solution has highest freezing point because it has lowest AT because i =
1.

Which of the following is correct.

(a) Ku increases with increase in temperature (Ky is Henry’s law constant).
(b) Solubility of gas in liquid decreases with increases in temperature.

(c) Ku decreases with increase in temperature.

(d) Solubility of gas in liquid increases with increase in temperature.

ANS: (a) and (b) are correct pgas = Kn X Xgas
Kw increases with increase in temperature, Xgas decreases, i.e., solubility of gas in liquid decreases
with increase in temperature.

Benzoic acid, when dissolved in benzene, which of the following is correct.

(a) The benzoic acid will undergo dissociation.

(b) The benzoic acid will undergo association.

(c) Observed molar mass of benzoic acid in benzene will less than normal molar mass.
(d) Observed molar mass of benzoic acid in benzene is more than normal molar mass.

O—H—0

. & N,
(B) and (d) C EHE—(\ {:?C—C. ¢Hs
ANS: O0—H--0

Molar mass will be nearly double due to dimerisation.

Relative lowering of vapour pressure is a colligative property because
(a) It depends on the concentration of a non electrolyte solute in solution and does not depend on
the nature of the solute molecules.

(b) It depends on number of particles of electrolyte solute in solution and does not depend on the
nature of the solute particles.

(c) It depends on the concentration of a non electrolyte solute in solution as well as on the nature
of the solute molecules.

(d) It depends on the concentration of an electrolyte or nonelectrolyte solute in solution as well as
on the nature of solute molecules.

ANS: (a) and (b) colligative property depends upon number of particles of solute in both
electrolyte and nonelectrolyte.

Match the items given in Column | with the type of solutions given in Column II.

Column | Column Il
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(a) Soda water (i) A solution of gas in solid

(b) Sugar solution (i) A solution of gas in gas

(c) German silver (iii) A solution of solid in liquid
(d) Air (iv) A solution of solid in solid
(e) Hydrogen gas in palladium (v) A solution of gas in liquid

(vi) A solution of liquid in solid

ANS: (@) (v) (b) (iii) (c) (iv) (d) (ii) (e) (i)

97 In the following question a statement of assertion followed by a statement of reason is given.
Choose the correct answer out of the following choices.
(a) Assertion and reason both are correct statements and reason is correct explanation for
assertion.
(b) Assertion and reason both are correct statements but reason is not correct explanation for
assertion.
(c) Assertion is correct statement but reason is wrong statement.
(d) Assertion and reason both are incorrect statements.
(e) Assertion is wrong statement but reason is correct statement. Assertion: When methyl alcohol
is added to water, boiling point of water increases.
Reason: When a volatile solute is added to a volatile solvent elevation in boiling point is observed.

ANS: (d) Assertion and reason both are incorrect statements.

98 The process used for desalination of water is

ANS: reverse osmosis

99 Vapour pressure is proportional to temperature.
ANS: directly
100 Ethylene glycol is used as

ANS: antifreeze

101 All intravenous injections must be isotonic with body fluids. [True/False]
ANS: True.

102 Diabetic patients are likely to have high blood pressure. [True/False]
ANS: True.

103 Common salt is non-electrolyte. [True/False]

ANS: False, common salt is electrolyte.

104 Maximum amount of a solid solute that can be dissolved in a specified amount of a given liquid
solvent does not depend upon
(a) Temperature (b) Nature of solute
(c) Pressure (d) Nature of solvent

ANS: (c) Pressure does not affect solubility of solid in liquid.

105 On the basis of information given below mark the correct option. Information: 1
(A) In bromoethane and chloroethane mixture intermolecular interactions of A—A and B—B type are
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nearly same as A—B type interactions.

(B) In ethanol and acetone mixture A—A or B—B type intermolecular interactions are stronger than
A-B type interactions.

(C) In chloroform and acetone mixture A—A or B—B type intermolecular interactions are weaker
than A-B type interactions.

(a) Solution (B) and (C) will follow Raoult’s law.

(b) Solution (A) will follow Raoult’s law.

(c) Solution (B) will show negative deviation from Raoult’s law.

(d) Solution (C) will show positive deviation from Raoult’s law.

ANS: (b) Solution ‘A’ is ideal solution, will follow Raoult’s law.

106 Ky value for Ar(g), CO2(g), HCHO(g) and CHa4(g) are 40.39, 1.67, 1.83 x 10° and 0.413
respectively. Arrange these gases in the order of their increasing solubility. [NCERT Exemplar
Problem]

(@) HCHO < CHs < CO2 < Ar
(b) HCHO < CO2 < CH4 < Ar
(c) Ar < CO2 < CHs < HCHO
(d) Ar < CH4 < CO; < HCHO

ANS: (a) Gas with higher Ky has lower solubility.

107 If P°’A =100 mm, P’s = 200 mm and mole fraction xa = 0.4, what will be ya (mole fraction) in vapour
phase?
(a) 0.25 (b) 0.30
(c) 0.75 (d) 0.50

(a) P,=P37x,=100 % 04 =40 mm
Py =Pgxg
=200 (1 —x,)=200(1-04)
=120 mm
=L 40 4Urlu B :'TJ 0
ANS: Pyt Pa + 12 )
108 Which of the following is maximum boiling azeotropic?

(a) CH3COOH + CsHsN (pyridine)
(b) H20 + ethanol

(c) cyclohexane + ethanol

(d) H20 + methanol

ANS: (a) is maximum boiling azeotropic due to increase in force of attraction on mixing whereas
others are minimum boiling azeotropes.

109 Ky (molal elevation constant) is inversely proportional to [NCERT Exemplar Problem]
(a) boiling point of solvent
(b) AvapH of solvent
(c) Molar mas of solvent
(d) all of these

ANS: (b) Itis inversely proportional to AvapH oOf solvent.
110 Out of 1m solution of following dissolved in water. Which one will have lowest freezing point
(assuming all are fuel, ionised)

(a) Urea (b) NaCl
(C) NaxSO4 (d) A|2(504)3
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ANS: (d) - Higher AT:, lower will be freezing point and AT; « number of ions.

111 Which of the following will have lowest vapour pressure? (Boiling points are given in brackets)
(a) H20 (373 K) (b) CHCIs (334 K)
(c) Anilines (457 K) (d) Benzene (353 K)

ANS: (c) Aniline has highest boiling point, therefore, it will have lowest vapour pressure.

112 Henry’s law constant of oxygen is 1.4 x 10~ mol L™ atm~* at 298 K. How much oxygen will be
dissolved in 100 ml at 298 K when its partial pressure is 0.5 atm?
(a)l1l4g(()3.29
(c) 22.4 mg (d) 2.24 mg
(d)  Solubihity =Ky xp_.

=1.4 x 10~ % 0.5 atm = 32 gL

=224 x 10~ gL
73 -3
In 100 mL = =107 100
000
=224x10%g=224x10"¢g
=224 mg
ANS: -
113 In isotonic solutions

(a) solute and solvent both are same.

(b) osmotic pressure is same.

(c) solute and solvent may or may not be same.
(d) solute is always same solvent may be different.

ANS: (b) and (c) isotonic solution will have same osmotic pressure but solute and solvent may
be different.

114 Which of the following binary mixtures will have same composition in liquid and vapour phase?
(a) Benzene-Toluene (b) Water-Nitric acid
(c) Water-Ethanol (d) n-Hexane - n-Heptane

ANS: (b) and (c) as they form ideal solution.

115 For a binary ideal liquid solution, the variation in total vapour pressure versus composition of
solution is given by which of the curves?
(a) (5)
T T
p P
—x, —x,
X: — XE o
(c) ()
T T
p P
—x, —x,
Xy — Xg —3
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116

117

118

119

120

121

ANS: (a) and (d) are correct.
- Vapour pressure is directly proportional to mole fraction in a binary ideal solution.

Match the laws given in Column | with expresions given in Column Il.

Column | Column i

(a) Raoult’s law (i) ATe=K¢m

(b) Henry’s law (ii) TT = CRT 1
(c) Elevation of boiling point (iii) p= -‘*'1.-’-’{1j + IJ.PED

(d) Depression in freezing point (iv) ATy = Kpm

(e) Osmotic pressure (V) p = Ku.x

ANS:  (a) (iii) (b) (v) (c) (iv) (d) (1) (e) (ii)

In the following question a statement of assertion followed by a statement of reason is given.
Choose the correct answer out of the following choices.

(a) Assertion and reason both are correct statements and reason is correct explanation for
assertion.

(b) Assertion and reason both are correct statements but reason is not correct explanation for
assertion.

(c) Assertion is correct statement but reason is wrong statement. 1
(d) Assertion and reason both are incorrect statements.

(e) Assertion is wrong statement but reason is correct statement.

Assertion: When a solution is separated from the pure solvent by a semipermeable membrane,
the solvent molecules pass through it from pure solvent side to the solution side.

Reason: Diffusion of solvent occurs from a region of high concentration solution to a region of low
concentration solution.

ANS: (e) Assertion and reason both are correct statements but reason is not correct
explanation of assertion. The reason for flow is from higher vapour pressure to lower vapour
pressure.

The most suitable colligative property to determine molar mass of polymers is 1

ANS: osmotic pressure

Water boils 100°C at hill stations. 1
ANS: below

Saline water gargles help in sore throat because it is hypertonic solution and NacCl is antiviral 1
agent. [True/False]

ANS: True

Water is non-volatile solvent. [True/False] 1

ANS: False, water is volatile solvent.
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