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Vapour Pressure : The pressure exerted by the vapour of liquid which are in equilibrium with
it at a given temperature.

4 Vapour pressure is not a surface phenomena.
% Vapour pressure increases with increase in temperature.

X = X(g)
Kp =Py
Kpy

Ky P R
where AH,,, is molar enthalpy of vaporisation (j/mol or cal/mol)

Raoult’s Law
(i) Liquid solution containing non volatile solute :
Vapour pressure of liquid solution « Mole fraction of solvent in liquid solution.
) PSo!ution o« X§o]vem
“Psotution = PSol\rent . XSo!vem
Where Pgy,... =Vapour pressure of pure liquid solvent, Xsotve: =Mole fraction of solvent.
For binary liquid solution ; X¢ ;e + Xsowen: =1

Relative lowering of vapour pressure = = Xeotute

(ii) Vapour Pressure of Solution containing volatile solute (B) and volatile
solvent (A) :

The equilibrium vapour pressure of a volatile component is linearly proportional to the ‘mole
fraction of that component in hquld phase .



A solution contains volatile solute (B) and volatile solvent (A) :
P, —PAXA and Py —PBXB
P = PA XA + PB XB

*.Where :
PA and P, are partial vapour pressure of A and B at given temperature.
P, = vapour pressure of pure A. ; Py =vapour pressure of pure B.
X, =mole fraction of A in liquid phase. ; Xj =mole fraction of B in liquid phase.

y 4 =mole fraction of A in vapour phase ; yg = mole fraction of B in vapour phase.
Partial vapour pressure of ‘ A'= mole fraction of ‘A’ in vapour phase x total vapour pressure.
Py =y P and Py =ygP

P,X,=y,P and PgX;=ygP

XA +XB =1
.‘)i.é:}i.g.!B_'P:l, y_":‘.}.!%—_-l
P, Pg P, P P
PaX P X
Yo ——ACA o oy = BLA
PyX 5 +PpXy PpXp+PpXp

Ideal Solutions
The solutions which obey Raoult’s Law are called ideal solutions. For ideality :
- Fsoune . solvent ™~ Fsolute.... solue  (F =[ntermolecular attractive interactions)

= F, Solvent ...... Solvent
AH . =0-; AV, =0
AS_ .. >0 ; AGy, <0
Examples : Benzene & Toluene, Hexane & Heptane, C,HgBr & C;Hl
Non-ideal solutions : The mixture which do not follow Raoult’s Law will be known as

non-ideal solutions.
Types of Real or Non-ideal Solutions

& Non-ideal solution with positive deviation.
" & Non-ideal solution with negative deviation.

Solution shows positive deviation ' Solution shows negative deviation
Prexp > (PaXy +P5Xyp) Prep <(PaXa +PgXg)
A----B<A""A . A----B>AH"A

B----B B----B
AH ;= +ve AH = -ve
AV =+ve AV, =-ve
AS i =tVve AS iy, = Ve
AG iy =—ve AG ;i =—ve
Ex. H,0+CH,CH Ex. H,0 + CH;COOH

H,0 +C,H;OH -+ CHCly4 + CH5;COCH,

CHCI, +CCl, H,0 + HNO,
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Azeotropic Solutions. During distillation, the mole fraction of more volatile component in
. vapour state is higher than that in liquid state. This makes distillation possible. However, there exist
some solutions for particular compositions of which the mole fraction of components in liquid and
vapour state is same. Thus, no distillation is possible, a mixture and it is termed as azeotropic
mixture. '
Azeotropes are binary mixtures having the same composmon in liquid and vapour phase and
boil at a constant temperature.
The solutions which show a large positive deviation from Raoult’s law form minimum boiling
azeotrope at a specific composition. ‘
The solutions which show a large negative deviation from Raoult’s law form maximum boiling
azeotrope at a specific composition.
Completely Immiscible Liquids ;: When they are distilled, r_hey distil in the ratio of thenr .
vapour pressure at that temperature, L
P=P,+P;
For vapour of pure liquid we can apply : P,V =nRT and P,V = nzRT
So, : P—"‘ )
Py ng
When A and B are distilled wt. ratio is given as Ys _ i}—'ﬂ
Wa Py-M,
Colligative Properties : Colligative Properties depend on the number of solute particles
irrespective to their nature.
< Relative lowering of vapour pressure
< Elevation of boiling point
» Depression of freezing point
< Osmotic pressure
Normal Colligative Propertles : When neither association nor dissociadon of solute
particles take place. '

0.0

-]

(i) Relatve Lowering of Vapour Pressure : = Xsotute
(ii) Elevation of boiling point : AT, =K,m
(iii) Depression of freezing point : AT, =K m
(iv) Osmotic pressure : 1 =CRT
(i) Relative lowering of Vapour Pressure :
PP _. __m
pe Solute n+N .
Where, n = mole of solute, N = mole of solvent
P°-P n
P N

P°—PJ . 1000
P M(ing/mol}
Where, M =molar mass of solvent.

Molality (m) =(
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Ostvvald-Walker Method

Anhydrous CaCl
{dehydrating agent)

. Solution " Sofvent

Loss in wt of solution containers o P
Loss in wt of solvent containers o {P°-P)
gain in wt of dehydrating agent a P°

pP°-pP Loss in weight of solvent
"P°  Gain in weight of dehydrating agent
(ii) Elevation in Boiling Point : (iii) Depression in Freezing point :
ATb =Kbm ATf =Kfm
where AT, =T, -T, where AT, =T; -7
K, =Boiling point elevation constant K, =Freezing point depression constant
or ebullioscopic constant or cryoscopic constant
o2
RS RT;
b= Kf =
10001, 1000L,
L, = Latent heat of vapourisation per gram L, = Latent heat of fusion per gram
o2
___MRTy” K, o MRS
>~ 1000AHy,, /" 1000AH g,
AH,, = enthalpy of vapourisation per mole  AHp, = enthalpy of fusion per mole
M =molar mass of solvent {(in g/mol) M =molar mass of solvent (in g/mol)
T, = Boiling point of solvent T; = freezing point of solvent

(iv) Osmotic Pressure (n) : The hydrostatic pressure built up on the solution which just stops
osmosis. Alternatively, it may be defined as the pressure which must be applied to the
concentrated solution in order to stop osmaosis.

For dilute soluticns n =CRT = hpg

where C is the total molar concentration of all the free species present in the solution, h is
the height developed by the column of the concentrated solution and p is the density of the
solution in the column. .

On the basis of osmotic pressure, the solutions can be classified in three classes.

+ Isotonic solutions: Two solutions having same osmotic pressures are cold isotonic
solutions.

(This implies C, =C, at same temperature).



+ Hypertonic and hypotonic solution : When two solutions are being compared, then the
solution with hlgher osmotic pressure is termed as hypertonlc The solution with lower
osmotic pressure is termed as hypotonic.

<+ Abnormal Colligative Properties When solute particle associated or dissociated in
solvent. :

Actual moles of solute

‘Moles of solute without dissociation or association
_ Observed or experimental colligative properties,

Theoretical or calculated colligative properties
p°-p — i M golute <

i = Vant Hoff factor =

(i) Relative lowering of vapour pressure ; -
‘ L Nyolue t Myglvent . ‘e

(ii) Elevation of boiling point : AT, =i.K;m
(iii} Depression of freezing point : ATy =i.K;m
(iv) Osmotic pressure : m =i,CRT

For dissociation : i =1+ (n-1a - For association :i =1+ [l - 1)(1
' : n
o i-1 O 1-i
Degree of dissociation a = Degree of association « =
n-1 1-Vn

Where n = Total number of particles of solute after dissociation or association.

Henry Law _
This law deals with dissolution of gas in liquid i, e., mass of any gas dissolved in any solvent per
unit volume is proporticnal to pressure of gas in equilibrium with liquid.
® m=kxP ,
Where, m =mass of gas dissolved per unit volume.
k =proportionality constant.
P =pressure of gas.
(ii) P=Ky.Xgp
Where, P =Pressure of gas,
Ky =Henry’s constant
Xgas =Mole fraction of gas



FPROBLEMS IN CHEMISTRY

. The vapour pressure of a given liquid will decrease if :

(a) surface area of liquid is decreased

(b) the volume of liquid in the container is decreased

{c) the volume of the vapour phase is increased

(d) the temperature is decreased

. The normal boiling point of water is 373 K. Vapour pressure of water at temperature T is 19

mm Hg. If enthalpy of vaporisation is 40.67 kJ/mol, then remperature T would be

(Use : log 2=0.3, R: 8.3JK™* mol™):

(a) 250 K (b) 291.4K (c) 230K (d) 290K i

. A sample of liquid H,0 of mass 18.0 g is injected into an evacuated 7.6 L flask maintained at

27.0°C. If vapour pressure of H,0 at 27°C is 24,63 mm Hg. What weight percentage of the

water will be vapourised when the system comes to equilibrium? Assume water vapours

behaves as an ideal gas. The volume occupied by the liquid water is negligible compared to the

volume of the container:

{a) 1% (b) 10% (c) 18% (d) 20%

. Raoult’s law is obeyed by each constituent of a binary liquid solutdon when:

(a) the forces of atiractions between like molecules are greater than those between unlike
molecules '

(b) the forces of attractions between like molecules are smaller than those between unlike
molecules

(c) the forces of attractions between like molecules are 1dent|cal with those between unlike
molecules

(d) the volume occupied by unlike molecules are different

. For a binary ideal liquid solution, the total pressure of the solution is given as:

(@) Proeat =P‘;+(P;\' _PI;)XB (®) Pa =P};+(P4; ""pl;)XA

(€) Powat =Pg +(P5 —P1) X, (@) Py =P +(Ps =Ps) Xy

.” For an ideal binary liquid solution with P, > P,, which relation between X , (mole fraction of
A in liquid phase) and Y, (mole fraction of A in vapour phase} is correct ?

Y, X X
a) Y, <Y, M X,>X - A>ZA (d) ZA
@ <t e ©% % Y X
. An ideal solution is formed by mixing two volatile liquids A and B. X, and X are the mole
fractions of A and B respectively in the solution and Y, and ¥, are the mole fractions of A and

B respectively in the vapour phase. A plot of YL along y-axis against XL along x-axis gives a
A . A
straight line. What is the slope of the straight line ? : \

(b) i‘: (c) P, P, @ Py -
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For a dilute solution, Raoult’s law states that :

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

(b} the relative lowering of vapour pressure is equal to the mole fraction of sotute

(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

The solubility of a specific non-volatile salt is 4 g in 100 g of water at 25°C. If 2.0 g, 4.0 g and
6.0 g of the salt added of 100 g of water at 25°C, in system X, ¥ and Z. The vapour pressure
would be in the order:

{(a) X<Y<Z b)) X>Y>Z D Z>X=Y d X>Y=2

The boiling point of C ;H,, CH30H, CgH-NH, and C;H:NOQ, are 80°C, 65°C, 184°C and 212°C
respectively. Which will show highest vapour pressure at room temperature :

(a) C¢Hyg {(b) CH,0H (c) CgHsNH, (d) C4HNO,

6.0 g of urea (molecular weight = 60) was dissolved in 9.9 moles of water. If the vapour
pressure of pure water is P°, the vapour pressure of solution is: '
(a) 0.10P° -(b) 1.10 P° (c) 0.90 P° (d) 0.99p°

An ideal solution was found to have a vapour pressure of 80 torr when the mole fraction of a
non-volatile solute was 0.2. What would be the vapour pressure of the pure solvent at the
same temperature?

(a) 64 torr (b) 80 torr (¢) 100 ton;‘ (d) 400 torr

The vapour pressure of an aqueous solution of sucrose at 373 K is found to be 750 mm Hg. The
molality of the solution at the same temperature will be :

(a) 0.26 (b) 0.73 (c) 0.74 (d) 0.039

Estimate the lowering of vapour pressure due to the solute (glucose) in a 1.0 M aqueous
solution at 100°C : : ]

(a) 10 torr (b) 18 torr {c) 13.45 torr (d) 24 torr

Calculate the weight of non-volatile solute having molecular weight 40, which should be
dissolved in 57 gm octane to reduce its vapour pressure to 80%:

(a) 47.2 g (®) 5% () 106.2 g (d) Nome of these
Equal weight of a solute are dissolved in equal weight of two solvents A and B and formed very
dilute solution. The relative lowering of vapour pressure for the solution B has twice the
relative lowering of vapour pressure for the solution A. If M, and My are the molecular
weights of solvents A and B respectively, then:

(a) M, =M, (b) My =2x M, (©) M, =4Mg (d) M, =2M,

An ideal solution has two components A and B. A is more volatile than B, i.e., P, > Py and also
P; > P .If X, and Y, are mole fractions of components A in liquid and vapour phases, then:
(@ X, =Y, ® X, > YA Q) X, <V, (d) Data insufficient
At 25°C, the vapour pressure of pure liquid A (mol. wt. = 40) is 100 torx, while that of pure
liquid B is 40 torr, (mol. wt. = 80). The vapour pressure at 25°C of a solution containing 20 g of

each A and B is:
{a) 80 torr (b) 59.8 torr (c) 68 rorr (d) 48 torr

AT
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B PROBLEMS IN CHEMISTRY

Two liquids A and B from ideal solutions. At 300 K, the vapour pressure of solution containing
1 mole of A and 3 mole of B is 550 mm 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 Hg. Determine
the vapour pressure of A and B in their pure states (in mm Hg):

(a) 400, 600 (b} 500, 500 (c)} 600, 400 (d) None of these

Two liquids A and B have vapour pressure in the ratio P, : P; =1: 3 at a certain temperature.
Assume A and B form an ideal solution and the ratio of mole fractions of A to B in the vapour
phase is 4 : 3. Then the mole fraction of B in the solution at the same temperature is :

1 2 4 1
- = - d) -

Two liquids A and B have P, and P in the ratio of 1 : 3 and the ratio of number of moles of A
and B in liquid phase are 1 : 3 then mole fraction of ‘A’ in vapour phase in equilibrium with the
solution is equal to:

(a) 0.1 (b) 0.2 (c) 0.5 (d) 1.0

Based on the given diagram, which of the following statements regarding the homogenous
solutions of two volatile liquids are correct? '

Vprg

A g mole fraction
XA =1 XB 1
(1) Plots AD and BC show that Raoult’s law is obeyed for the solution in which B is a solvent
and A is the solute and as well as for that in which A is solvent and B is solute.

(2) Plot €D shows that Dalton's law of partial pressures is obeyed by the binary solution of
components A and B.

(3) FF + EG = EH; and AC and BD correspond to the vapour pressures of the pure solvents A
and B respectively.

Select the correct answer using the options given below:

(a) Only 1 (b) 2and 3 (¢} 1and 3 (d) All

Which represents correct difference when non-volatile solute is present in an ideal solution?

Vapour

Vapour
1 (8) Solution . I A 1
0 s Solvent | ! () (aH) Solution _(AH)Solvent
Solution l .
Solvent or Sotution
Solvent

———I—— Solution

B.PR.

(ny |
Solvent

(a) L, 11, 1II ) L, 11 {c) 1L, 1II @Ln
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24. Select correct statement :

(a) Solution has more molecular randomness than a pure solvent has, the entropy change
between solution and solid is larger than the entropy change between pure solvent and
solid

(b) Heat of fusion of solution and solvent are similar since similar forces of intermolecular
forces are involved

(c) Sugar containing solution freezes at a lower temperature than pure water

(d) All are correct statements

25. Select correct statement?

(a) Heats of vaporisation for a pure solvent and for a solution are similar because similar

intermolecuiar forces between solvent molecules must be overcome in both cases

(b) Entropy change between solution and vapotir is smaller than the entropy change between

pure solvent and vapour

(c) Boiling point of the solution is larger than that of the pure solvent

(d) All are correct statements

26. The vapour pressure curves of the same solute in the same solvent are shown. The curves are
parallel to each other and do not intersect. The concentrations of solutions are in order of:

| £ oy
P82 j
| & i
| B
3 :
| i,
i ——» Temperature(°C)
@I<l<ll by =1 =11 cl>I>1 (dI>11=>1

27. Boiling peoint composition diagrém of the liquid-vapour equilibrium for A and B is shown
figure. If a binary liquid mixture of A and B is distilled fractionally, which of the following
would be correct observation?

Vapou!

Liguid

Temperature

|
i
1
! ;
1Xs=1 % Composition Xg=1
{a) Composition of the still (residue) will approach pure liquid B
{(b) Composition of the distillate will approach pure A
(c} Composition of distillate and residue will approach pure B and A respectively
{d) Neither of the component can be obtained in pure state .
28. The boiling point of an azeotropic mixture of water—ethanol is less than that of both water and
ethanol. Then:
{a) the mixture will show negative deviation from Raoult’s law
(b) the mixture will show positive deviation from Raoult’s law
() the mixture will show no deviation from Raoult’s law
(d) this mixture cannot be considered as true solution
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Formation of a solution from two components can be considered as :
(i) Pure solvent — separated solvent molecules, AH,

(ii) Pure solute — separated solute molecules, AH,

(iii) separated solvent and solute molecules — solution, AH,

Solution so formed will be ideal if : N
(a) AHSO[I‘I =A.H1 +AH2+AH3 (b) A-HS°1H=A.H]+AH2—AH3
(¢) AHg,, =AH; —AH, —AH, (d) AHgyy, = AH3 —AH, —AH,

Total vapour pressure of mixture of 1 mol X (P, =150torr) and 2 mol Y (P, = 300torr) is 240

‘torr. In this case:

(a) There is a negative deviation from Raoult’s law
(b) There is a positive deviation from Raoult’s law
(¢) There is no deviation from Raoult’s law

(d) Can not be decided

‘In a mixture of A and B, components show positive deviation when:

(a) A -B interaction is stronger than A — A and B - B interaction

(b) A —B interaction is weaker than A — A and B - B interaction

(c) AVmix <0, ASmix >0

(d) AVmix =0, ASmix >0

A liquid mixture having composition corresponding to point Z in the figure shown is subjected
to distillation at constant pressure. Which of the following statement is correct about the
process?

———— e . N

: r4

I Ta Tg:
'B. P.I
A B

i 100% Composition 100%
(a) The composition of distillate differs from the mixture

(b) The boiling point goes on changing

(¢) The mixture has highest vapour pressure than for any other composition

(d) Composition of an azeotrope alters on changing the external pressure

Which will form maximum hoiling azeotrope ?

(a) C¢Hg + C¢H,CH, solution (b} HNO; + H,0 solution

(c) C,H;0H + H,0 solution (d) n-hexane and n-heptane

Total vapour pressure of mixture of 1 mole of volatile component A (P; =100 mm Hg) and
3 mole of volatile component B (P; = 80 mm Hg) is 90 mm Hg. For such case:

(a) there is positive deviation from Raoult’s law

(b) boiling point has been lowered

(c) force of autraction between A and B is smaller than that between A and A or
between B and B

(d) all the above statements are correct

o PROBLERS IN CHEMISTRY RS
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The azeotropic mlxrure of water (B.P. = 100°C) and HCIl (B.E = 86°C) boils at about 120°C
During fractional distillation of this mixture it is possible to obtain :

(a) pure HCi (b) pure H,0

(c) pure H,O as well as pure HCI (d) neither H,O nor HCI

Azeotropic mixture of water and HCl boils at 381.5 K. By distilling the mixture it is possible to
obtain : .

(a) Pure HCI only (b) Pure water only

{¢) Neither HCl nor water : {d) Both water and HCI in pure state

An azeotropic mixture of two liquids has a boiling point higher than either of them when it:

(a) shows positive deviation from Raouit’s law ‘

. (b} shows negative deviation from Raoult's law

(¢) shows ideal behaviour

{d) is saturated

If two liquids A (P, =100 torr) and B (P, =200 torr) are completely immiscible with each
other (each one will behave independently of the other) are present in a closed vessel. The
total vapour pressure of the system wiil be: |
(a) less than 100 torr (b) greater than 200 torr

(c) between 100 to 200 torr (d) 300 torr

When a liquid that is immiscible with water was steam distilled at 95.2°C at a total pressure of
748 torr, the distillate contained 1.25 g of the liquid per gram of water. The vapour pressure of
water is 648 torr at 95.2°C, what is the molar mass of liquid?

(a) 7.975 g/mol (b} 166 g/mol () 145.8 g/mol (d) None of these
Water and chlorobenzene are immiscibie liquids. Their mixture boils at 89°C under a reduced
pressure of 7.7 x 10* Pa. The vapour pressure of pure water at 89°C is 7 x 10* Pa. Weight per
cent of chlorobenzene in the distillate is :

(a) 50 (b) 60 {c) 78.3 (d) 38.46
Which of the following is not a colligative property? )

(a) Vapour pressure (b) Depression in f.pt.

(c) Elevation in b.pt. (d) Osmotic pressure

The degree of dissociation of an electrolyte is « and its van't Hoff factor is i. The number of

ions obtained by complete dissociation of 1 molecule of the electrolyte is :
i+ 1 -1 +1+
() i ®i-a-1 () L== (d)‘__.E
a o l-a
One mole of a solute A is dissolved in a given volume of a solvent. The association of the solute
take place as follows:

nA = A,
If o is the degree of association of A, the van't Hoff factor i is expressed as:
_ o 1—a+g
(@i=l-a M i=1+— (c)i=—1—" di=1
n

The van’t Hoff factor i for an electrolyte which undergoes dissociation and association in
solvent are respectively: ’

(a) greater than one and less than one (b) less than one and greater than one

(c) less than one and less than one (d) greater than one and greater than one



446

45.

46.

47.
48.

49.

- 50,

51.

52.

53.

54.

35.

56.

57.

Which solution has the highest vapour pressure?
(a) 0.02 M NaCl at 50°C (b) 0.03 M sucrose at 15°C
(c) 0.005 M CaCl, at 50°C (d} 0.005 M CaCl, at 25°C

An aqueous solution is 1.00 molal in KI. Which change will cause the vapour pressure of the
solution to increase ?

(a) addition of water (b) addition of NaCl

(c) addition of Na,SO, (d) Addition of 1.0 molal K1

Four solutions of K,S0, with the concentrations 0.1 m, 0.01 m, 0.001 m and 0.0001 m are

available. The maximum vaiue of colligative property corresponds to :

{a) 0.0001 m solution (b) 0.001 m solution (c) 0.01 m solution (d) 0.1 m solution
Moles of Na,SO, to be dissolved in 12 mole water to lower its vapour pressure by 10 mm Hg
at a temperature at which vapour pressure of pure water is 50 mm is:

(a) 1.5 mole (b) 2 mole (c) 1 mole ) {(d) 3 mole

A very diluted saturated solution of a sparingly soluble salt X,Y, has a vapour pressure of 20
mm Hg at temperature T, while pure water exerts a pressure of 20.0126 mm Hg at the same
temperature. Calculate molality (m) at temperature T '

(@) 6.3x107* () 3.5x 1072 (c) 5x 1073 (d) None of these
When 1 mole of a solute is dissolved in 1 kg of H,0, boiling point of solution was found to be
100.5°C. K, for H,O is:

(a) 0.5 (b) 100 (c) 100.5 (d) 95.5

Chloroform, CHCl,, boils at 61.7°C. If the K, for chloroform is 3.63°C/molal, what is the
boiling point of a solution of 15.0 kg of CHCl; and 0.616 kg of acenaphthalene,
Ci2Hyo?

(a) 61.9 (b) 62.0 (v) 52.2 (d) 62.67

A compound has the empirical formula C;,HgFe. A solution of 0.26 g of the compound in 11.2
g of benzene (C¢H,) boils at 80.26°C. The boiling point of benzene is 80.10°C; the K, is
2.53°C/molal. What is the molecular formula of the compound?

(a) C4oH,,Feq (b} CipHgFe (¢} CH, Fe (d) CyH gFe,

A solution of 0.640 g of azulene in 100.0 g of benzene boils at 80.23°C. The boiling point of
benzene is 80.10°C; the K, is 2.53°C/molal. What is the molecular weight of azulene?

(a) 108 (b) 99 (c) 125 (d) 134

One molal solution of a carboxylic acid in benzene shows the elevation of boiling point of
1.518 K. The degree of association for dimerization of the acid in benzene is (K, for benzene
=2.53K kg mol™):

(a) 60% (b) 70% {c) 75% (d) 80%

The boiling point elevation constant for toluene is 3.32 K kg mol . The normal boiling point
of toluene is 110.7°C. The enthalpy of vaporisation of toluene would be nearly:

(@ 170kImol™" () 340kImol™  (¢) 51.0kJ mol™*  (d) 68.0 kJ mol
Which one of the following aqueous solutions will exhibit highest boiling point:

(a) 0.015 M urea (b) 0.01 M KNO, (¢) 0.10 M Na,SO, (d) 0.015 M glucose
Calculate the percentage degree of dissociation of an electrolyte XY, (Normal molar mass
=164) in water if the observed molar mass by measuring elevation in boiling point is 65.6:
(a) 75% (b) 25% (c) 65% {d) None of these
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If the elevation in boiling point of a solution of non-volatile, non-electrolytic and
non-associating solute in solvent (K, = x K. kg.mol™'}is y K, then the depression in freezing

point of solution of same concentration would be
K¢ of the solvent =z K. kg. mol ™)

2z .
(@ = m Z ©= @£
¥ X ¥ 2x
When a solution containing non-volatile solute freezes, which equilibrium would exist?
(a) solid solvent == liquid solvent (b) solid solute = liquid solution
{c) solid solute = liquid solvent (d) solid solvent = liquid solution

Bromoform has a normal freezing point of 7.734°C/m and it's K; =14.4°C/m. A solution of
2.60 g of an unknown in 100 g of bromoform freezes at 5.43°C. What is the molecular weight
of the unknown?

(a) 16.25 - (b) 162.5 (c) 100 {d) none of these
C¢H, freezes at 5.5°C. At what temperature will a solution of 10.44 g of C,H,, in 200 g of
CgHg freeze? K (CgHg) =5.12C/m

(a) 4.608C (b) 0.892°C (¢) 5.5°C (d) none of these
How much ethyl alcohol must be added to 1.0 L of water so that solution will not freeze at
—4°F? (K; =1.86°C/m)

(a) <20¢g (b) <10.75 g (c) <4945¢g (d) >4945¢g

The freezing point of a solution of 2.40 g of biphenyl (C;,H;,) in 75.0 g of benzene (C4Hg ) is
4.40°C. The normal freezing point of benzene is 5.50°C. What is the molal freezing point
constant (°C/m) for benzene?

(a) -5.3 (b) - 5.1 (c) -4.6 (d) - 4.8

A solution containing 1.8 g of a compound (empirical formula CH,0) in 40 g of water is
observed to freeze -at —0.465°C. The molecular formula of the compound is (K [ of water
=1,86kg Kmol~ 1y

(a) C,H,0, (b) C3H, () C,Hg0, (d) C4H,,04

Freezing point of the following equilibrium, liquid solvent = solid solvent is :
AH - AG AH AG AS

(a) TAS (b) AS © AS (d) H

Freezing point of a solution is smaller than that point of a solvent. It is due to :

(a) AH of solution and solvent is almost identical since intermolecular forces between solvent
molecules are involved

{b) AS of solution (between solution and solid) is larger than that of the AS of solvent

‘ (between solvent and solid)

(c) AS of the solution is smaller than that of the solvent

(d) AH of the solution is much higher than of solvent but AS of solution is smaller than that
of the solvent

When 36.0 g of a solute having the empirical formula CH,0 is dissolved in 1.20 kg of water,

the solution freezes at -0.93°C. What is the molecular formula of the solute? (K f =1.86°C kg

mol™)

{a) C,H,0 (b) C,H,0, (c) C,H,0, (d) C2H402
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Calculate the molecular weight of a substance whose 7.0% by mass solution in water freezes
at —0.93°C. The cryoscopic constant of water is 1.86°C kg mol™:

(a) 140 g mol™ {(b) 150.5 mol™?

(c) 160 g mol™’ (d) 155 g mol™!

Camphor is often used in molecular mass determination because

(a} it is readily available (b) it has a very high cryoscopic constant
(c) it is volatile ’ {(d) it is solvent for organic substances

For 1 molal solution of each compound minimum freezing point will be assuming complete
ionisation in each case:

(a) [Fe(H,0)cICl, (b) [Fe(H,0)4CliCl, -H,0

() [Fe(H,0),Cl,]Cl- 2H,0 (d) [Fe(H,0)5Cl;3]-3H;0

For 1 molal solution of each compound maximum freezing pomt will be assuming complete
ionisation in each case:

(a) [Fe(H,0)¢ICI, (b [Fe(HZO)SC'I]C],_-H 0

(¢) [Fe(H,0),Cl,]Cl- 2H,0 (d) [Fe(H,0),Cl;]-3H,0

PtCl, - 6H,0 can exist as a hydrated complex. Its 1 molal ag. solution has depression in
freezing point of 3.72. Assume 100% ionisation and K,(H,0)=1.86'C mol™ kg, then
complex is :

(a) [Pt(H,0)4]1Cl, ) [Pt(H,0),Cl,1Cl, - 2H,0

(c) [Pt(H,0),Cl;1Cl-3H,0 (d) [Pt(H,0),Cl,] 4H0

A complex is represented as CoClyxNH . Its 0.1 molal solution in water shows AT, = 0.558 K.
K, for H,0 is 1.86 K molality ™. Assuming 100% ionisation of complex and co-ordination
number of Co is six, calculate formula of complex:

(a) [Co(NH;)4]Cl, (b} [Co(NH,)sClICl,

(¢} [Co(NH,4),Cl,1Cl (d) none of these

The freezing point of equimolal aqueous solutions will be highest for:

. (a) C5H5NH3C1 (b) Ca(NO3)2 (C) La(NO3)2 (d) C6H1206

The freezing point of a 4% aqueous solution of ‘A is equal to the freezing point of 10% aqueous
solution of ‘B’. If the molecular weight of ‘A’ is 60, then the molecular weight of ‘B’ will be:
(a) 160 (b) 90 (c) 45 {d) 180

Depression in freezing point of 0.01 molal aqueous HCOOH solution is 0.02046. 1 molal
aqueous urea solution freezes at —1.86°C, assurming molality equal to molanty, pH of HCOOH

-solution is:.

{a) 2 (b} 3 (e} 4 (d) 5
When mercuric iodide is added to the aqueous solution of KI, then the:

(a) freezing point is raised (b) freezing point is lowered

(c) freezing point does not change (d) boiling point does not change

Dimer of acetic acid in liquid benzene is in equilibriurh with acetic acid monomer at certain
temperature and pressure. If 25% of the dimer molecules are separated out thén

(a) Freezing point of the solution reduces (b} Average molar mass of solute increases
(c) Boiling point of solution increases (d) Molar mass of solute decreases
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The temperature of a city was found to be -9.3°C. A car was used, whose radiator was filled
with 5 L of water. What quantity of antifreezing agent ethylene glycol were added to water of
radiator in order to use the car for travelling? (K, of water 1.86 K kg mol )

(a) 3200 g (b) 1670 ¢ (¢) 1550 g (d) 2100 g

The cryoscopic constant of water is 1.86 K kg mol . A 0.01 molal acetic acid solution produces
a depression of 0.0194°C in the freezing point. The degree of dissociation of acetic acid is:

{a) zero (b) 0.043 (c) 0.43 (d) 1

If Im solution of benzoic acid in benzene has a freezing point depression of 2.4°C.
Ky =5.12C mol™ kg) and boiling point elevation of 2.53°C (K, = 2.5%C mol™’ kg),
then select the correct statement/s :

Statement I : there is dimer formation when undergoing freezing

Statement II : there is no change when undergoing boiling

Statement III : reverse of I and II

Statement IV : dimer formation in freezing and boiling state

(@ LI (b) 11, 11 (c) 1L 1 (d) only I
82.

In a 0.5 molal solution KCl, KCl is 50% dissociated. The freezing point of solution will be
(K; =1.86 K kg mol™'X:

(a) 274.674 K {(b) 271.60 K {(¢) 273 K (d) none of these

A 1.0 g sample of Co(NH,CH ,CH ZNH2)3CI3 is dissolved in 25.0 g of water and the freezing
point of the solution is ~0.87°C. How many ions are produced per mole of compound? The K,
of water is 1.86°C/molal

(a) 2 ) 3 (© 4 (d) 5

An aqueous solution contains 3% and 1.8% by wt. urea and glucose respectively. What is the
freezing point of solution? (K, =1.86°C/m)

(a) -1.172°C (b) -2.27°C {(c) -1.5°C - {d) none of these
Phenol associates in benzene to a certain extent in dimerisation reaction. A solution
containing 0.02 kg of phenol in 1.0 kg of benzene has its freezing point depressed 0. 69 K.
Hence, degree of association of phenol dimerized will be : :
[K;(CgHg) =5.12K kg mol ]

{a) 0.63 (b 0.73 (c) 0.83 (d) 0.93
Assuming complete ionisation, the solution having maximum freezing point will be:
(a) 1 M Ca¥F, (b) 1.5 M Al,(SO,); (c) 2 M NaCl (d) 1 M AgNO,

In a 0.2 molal aqueous solution of a weak acid HX the degree of ionisation is 0.25. The freezing
point of the solution will be nearest to: (K; =1.86 K kg mol ™)

(a) ~0.26°C ) 0.465°C (c) -0.48°C (d) -0.465°C

An aqueous solution of 0.01 M KCl causes the same elevation in boiling point as an aqueous
solution of urea causes the depression in freezing point. The concentration of urea solution is:
(a) 0.01 M (b) 0.005 M~ C{c) 0.0Z M (d) 0.04M

When some NaCl was dissolved in water, the freezing point depression was numerically equal
to twice the molal depression constant. The relative lowering of vapour pressure of the

solution is : . _
(@) 0.117 (b) 0.034 {¢) 0.0585 (d) none of these
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90. Which one of the following statements is false ?
(a) The correct order of osmotic pressure for 0.01 M aqueous solution of each compound is
BaCl, > KCl > CH,COOH > sucrose .
(b) Isotonic solutions are those solutions which have the same osmotic pressure
(¢) Raoult’s law states that the vapour pressure of a component over a solution is proportional
A to its mole fraction in liquid state
(d) Two sucrose solutions of same molality prepared in different solvents will have the same
freezing point depression
91. 0.1 molal aqueous solution of an electrolyte AB; is 90% ionised. The boiling point of the
solution at 1 atmis:  (Kpy,op = 0.52 K kg mol™)

(a) 273.19K (b) 37492 K . (c) 3764 K {(d) 373.19K
92, Which of the following aqueous solutions has osmotic pressure nearest to pure solvent?
(a) Na,SO, (b) BaCl, . () Al,(S0,), (d) C;;H,,0,

93. 0.1M NaCl and 0.05M BaCl, solutions are separated by a semi-permeable membrane in a
container. For this system, choose the correct answer :
(a) There is no movement of any solution across the membrane
(b) Water flows from BaCl, solution towards NaCl solution
{c) Water flows from NaCl solution towards BaCl, soludon
(d) Osmotic pressure of 0.1 M NaCl is lower than the osmotic pressure of BaCl,
{assume complete dissociation)
94. Two agueous solutions, A and B, are separated by a semi-permeable membrane. The osmotic
_ pressure of solution A immediately begins to decrease. Which of the following statement is
T true ?
(a) The solvent molecules are moving from the solution of higher osmotic pressure to that of
lower osmotic pressure.
(b) The initial osmotic pressure of solution B is greater than that of solution A.
(c) Solvent molecules are moving from solution B into solution A.
(d) Both (a) and (b) are true statements.
95. Which one of the following pairs of solution can we expect to be isotonic at the same

temperature?
(a) 0.1 M urea and 0.1 M NaCl (b) 0.1 M urea and 0.2 M MgCl,
. {¢) 0.1 M NaCl and 0.1 M Na,SO, (d) 0.1 M Ca(NO,), and 0.1 M Na,SO,

-796. The empirical formula of a non-electrolyte is CH,O. A solution containing 3g L of thc;:(
compound exerts the same osmotic pressure as that of 0.05M glucose solution. The molecul#ft’
formula of the compound is :

(a) CH,0O (b) C,H,0, (©) C,H O, (d) C3H O,

. 97. Asemipermeable membrane used in the measurement of osmotic pressure of a solution allows

the passage of:
(a) solute molecules through it (b) solvent molecules through it
(c) both solvent and solute molecules (d) either solvent or solute
98. In the case of osmosis, solvent molecules move from :
(a) Higher vapour pressure to lower vapour pressure
(b) Higher concentration to lower concentration
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(c) Lower vapour pressure to higher vapour pressure 2
(d) Higher osmotic pressure to lower osmotic pressure

The osmotic pressures of equimolar solutions of urea, BaCl, and AIC, will be in the order :
(a) AlCl; > BaCl, > urea . (b) BaCl, > AlCl; > urea
(c) urea > BaCl, > AICl, (d) BaCl, > urea > AlCl,

. Which of the following solutions will have maximum osmotic pressure? Assume 90%

dissociation of each salt:

{a) decinormal aluminium sulphate

(b) decinormal barium chloride solution -

(¢} decinormal sodium sulphate solution

(d) solution of equal volumes of decinormal barium chloride and decinormal sodium silphate
solutions .

Consider 0.1 M solutions of two solutes X and ¥. The solute X behaves as a univalent electrolyte

while the solute Y dimerises in solution. Which of the following statements are correct

regarding these solutions?

(1) The boiling point of the solution of X will be higher than that of Y

(2) The osmotic pressure of the solution of ¥ will be lower than that of X

(3) The freezing point of the solution of X will be lower than that of ¥

(4) The relative lowering of vapour pressure of both the solutions will be the same

Select the correct answer from the option given below :

(a) 1,2 and 3 (b) 2,3 and 4

(&3 1,2and 4 (d) 1,3 and 4

If M ormar iS the normal molecular mass and a is the degree of ionization of K 3[Fe{CN)¢], then
the abnormal molecular mass of the complex in the solution will be;

(@) M_ma (2 +2a)7" (b) M porma (1 + 3a)™?

{c) M pormal 1+a)! (d) equal to M.

Equal volumes of 0.1 M urea and 0.1 M glucose are mixed. The mixture will have:

(a) lower osmotic pressure (b) same osmotic pressure

(c) higher osmotic pressure ~ (d) none of these -

A 5% (w/V) solution of cane sugar (molecular weight = 342) is isotonic with 1% (w/V)
solution of a substance X. The molecular weight of X is:

(a) 34.2 ‘ (b 171.2 - (c) 68.4 (d) 136.8

Insulin is dissolved i 111 a suitable solvent and the osmotic pressure (n) of solutions of various
concentrations (g/cm?) C is measured at 20°C. The slope of a plot of & agamst C is found to be
4,65 x 1072 The molecular weight of the msuhn (g/mol) is:

. (a) 3x10° (b} 9x 10°

(©) 4.5x10° _ (d) 5.16x 10°

An aqueous solution of sucrose (C;,H,,0,, ) having a concentration of 34.2 gram/litre has an
osmotic pressure of 2.38 atmospheres at 17°C. For an aqueous solution of glucose (C;H,,04)
to be isotonic with this solution, its concentration should be :

(a) 34.2 gram per litre ' (b) 17.1 gram per litre

(¢) 18.0 gram per litre : (d) 36.0 gram per litre
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Which of the following experimental methods is adopted to determine osmotic pressure?
(a) Berkley-Hartely’s method (b) Beckmann’s method
(c} Landsberger’s method (d) bifferential method

Based upon the technique of reverse osmosis the approximate pressure required to desalinate
sea water containing 2.5% (mass/volume) KNO, at 27°C will be
(a) 10.5 atm (b) 21 atm (c) 12.2 atm (d) 6.09 atm

A 1% (wt/vol) KCl solution is ionised to the extent of 80%. The osmotic pressure at 27°C of the
solution will be: :

(a) 6.95 atm (b) 5.94 atm

() 2.71 atm (d) 3.30 atm

Osmotic pressure of blood is 7.40 atm, at 27°C. Number of moles of glucose to be used per litre
for an intravenous injection that is to have same osmotic pressure of blood is:

(a) 0.3 (b) 0.2 (c) 0.1 (d) 0.4

The relationship between osmotic pressures (ny, n, and 75 ) at a definite temperature when 1 g
glucose, 1 g urea and 1 g sucrose are dissolved in 1 litre of water is (assume i =1 for all):

(@) my > 7y >,y (b) my >my >my
(©) ny >my >y d} my >mg >my
van’t Hoff proved that osmotic pressure (n) is a colligative property. For an ideal solution,
. . . . W,RT
osmotic pressure () is helpful to determine that molecular mass of solute using Mz = —2 v
Tt.
Law can be show by the curve (C = concentration): '
C = constant C = constant

m T

@ I ) 1
— T T —T7

o] @ |
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T = constant T = constant
om |\ T .

—_—C — C

A solution containing 4.0 g of PVC in 2 litre of dioxane {industrial solvent) was found to have
an osmotic pressure 3.0 x 10~* atm at 27°C. The molar mass of the polymer (g/mol) will be :

(2) 1.6x 10* (b) 1.6 x 10° (©) 1.6x 10° (d) 1.6x 10>

The osmotic pressures of 0.010 M solutions of KI and of sucrose (C ;H,,04; } are 0.432 atm
and 0.24 atm respectively. The van't Hoff factor for KI is :

(a) 1.80 (b) 0.80 () 1.2 {(d 1.0

What is the correct sequence of osmotic pressure of 0.01 M aq. solution of :

1) A12(504)3 (2) Na3P04

(3) BaCl, . {4) Glucose

(@) my >my >y >y ) rg>my >my >y

(©) mg >7y > >Wy @ n>my >0, >m,
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1.0 molar solution of the complex salt, CrCl, - 6H,0, displays an osmotic pressure of 3RT.
0.5 L of the same solution on treatment with excess of AgNO solution will yield (assume o = 1) :
(a) 0.5 mole of AgCl (b) 1.0 mole of AgCl (c) 1.5 mole of AgCl (d) 3.0 mole of AgCl

A 0.010 g sample of Cr(NH,),(S0,)Cl is dissolved in 25.0 mL of water and the osmotic
pressure of the solution is 59.1 torr at 25°C. How many moles of ions are produced per mole of
compound? _ .

(a) 1 b) 4 (c} 2 (d) 3

Which of the following aqueous solutions should have the highest osmotic pressure?

(a} 0.011 M AlCl, at 50°C ’ {b) 0.03 M NaCl at 25°C

(¢) 0.012 M (NH,),50, at 25°C (d) 0.03 M NaCl at 50°C

X,Y,(i = 5) when reacted with A;B;(i = 5) in aqueous solution gives brown colour. These are
separated by a semipermeable membrane AB as shown. Due to osmosis there is:

05 M 001 M @

(a) brown colour formation in side X (b) brown colour formation in side ¥
(¢) formation in both of the sides Xand ¥  (d) no brown colour formation

Which of the following curves represents the Henry’s law?
' fog m log m
(a) I / (b) ]
T ——TlogP I —— logP
logm| - ‘ log m
(© [ (@ “
log P I —— IogP

According to Henry’s law, the solubility of a gas in a given volume of liquid increases with

increase in:
{a) Temperature (b) Pressure
(¢} Both (a) and (b)- (d) None of these

At 300 K, 40 mL of 04 (g) dissolves in 100 g of water at 1.0 atm. What mass of ozone dissolved
in 400 g of water at a pressure of 4.0 atm at 300 K?

(a) 0.1g (by 1.2 ¢

() 0.48 g (d) 48¢
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1 kg -of water under a nitrogen pressure of 1 atmosphere dissolves 0.02 gm of nitrogen at
293 K. Calculate Henry’s law constant :
(a) 7.7 x 10* atm - (b) 7.7x 10° atm

. (©2x10%am (d) 2x 1072 atm

124.

According to Henry’s law, the partial pressure of gas (P, ) is directly proportional to mole
fraction of gas in liquid solution, B, = Ky . Xy, where Ky is Henry’s constant. Which is
incorrect ?

(a) Ky is characteristic constant for a given gas-solvent system

(b) Higher is the value of K, lower is solubility of gas. for a given partial pressure of gas

(¢} Ky has temperature dependence

125.

(d) Ky decreases with increase of temperature

At 760 torr pressure and 20°C temperature, 1 L of water dissolves 0.04 gm of pure oxygen or
0.02 gm of pure nitrogen. Assuming that dry air is composed of 20% oxygen and 80% nitrogen
(by' volume). The masses (in g/L) of oxygen and nitrogen dissolved by 1 L of water at 20°C
exposed to air at a total pressure of 760 torr are respectively :

(a) 0.008, 0.016 (b} 0.016, 0.008
(c) 0.16, 0.08 : (d) 0.04, 0.02



. ‘Two beaker A and B present in a closed vessel. Beaker A contains 152.4 g aqueous solutdon of urea,
containing 12 g of urea. Beaker B contains 196.2 g glucose solution, containing 18 g of glucose”
Both solutions allowed to attain the equilibrium. Determine wt. % of glucose in it’s solution at
equilibrium :

(a) 6.71 (b) 14.49 {c) 16.94 (d) 20

. Two components A and B form an ideal solution. The mole fractions of A and B in ideal
solution are X, and Xp, while that of in vapour phase, these components have their mole

fractions as Y, and Y. Then, the slope and intercept of plot of ?-— Vs, 1 il be:

A A
(=] [+] <] o Q@
()P*‘ L2 Tt/ W s W Sk N N M @ po-pg, Fa
Py Py Py P; Py Pg -P, Py

. At 48°C, the vapour pressure of pure CS, is 850 torr. A solution of 2.0 g of sulphurin 100 g of
CS, has a vapour pressure 844.9 torr. Determine the atomicity of sulphur molecule:

(a) 1 (b) 2 c) 4 (d) 8

. An ideal solution contains two volatile liquids A (P° =100 torr) and B (P° = 200 torr). If

mixture contain 1 mole of A and 4 mole of B then total vapour pressure of the distillate is:
(a) 150 (b) 180 (c) 188.88 (d) 198.88

. The vapour pressure of two pure liquids A and B, that form an ideal solution are 100 and
900 torr respectively at temperature T. This liquid solution of A and B is composed of 1
mole of A and 1 mole of B. What will be the pressure, when 1 mole of mixture has been
vaporized?

(a) 800 torr (b} 500 torr (c) 300 torr (d) None of these

. Which of the following represents correctly the changes in thermodynamic properties during
the formation of 1 mole of an ideal binary solution :

+ E A Grix ‘ + :E A Giix
(a) Jmor 0 ( T2 Sein (b) Jmo! 0 k & Fimie
_1 & Hte _t T A Smi
mole fraction mole fraction
+§ TA Smn «f Tas
{c) Jmor' 0 k 8 Hnix (d) Jmor 0 . A Grix
- E A G ‘ - E A Heix

mole fraction ~ mole fraction
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A saturated solution of XCl; has a vapour pressure 17.20 mm Hg at 20°C, while pure water

vapour pressure is 17.25 mm Hg. Solubility product (K,) of XCl; at 20°C is:

(@) 9.8x 1072 (b) 10°° (c) 2.56x 10°° (d) 7x107°

A certain non-volatile electrolyte contains 40% carbon, 6.7% hydrogen and 53.3% oxygen. An

aqueous solution containing 5% by mass of the solute boils at 100.15°C. Determine the

molecular formula of the compound (K}, = 0.51°C/m):

(a) HCHO (b) CH,OH (¢) C,H.OH (d) CgH,,05

A 0.10 M solution of a monoprotic acid (d = 1.01 g/cm?) is 5% ionized. What is the freezing

point of the solution? The mol. wt. of the acid is 300 and X £ (H30) =1.86°C/m:

(a) —-0.189°C (b) ~0.194°C (c) =0.199°C (d} Nome of these

An aqueous solution boils at 101°C. What is the freezing point of the same solution?

(Given : K; =1.86°C/m and K, = 0.51°C/m)

(a) 3.647°C (b) -3.647°C - {c) -0.364°C {d) None of these

An industrial waste water is found to contain 8.2% Na,PO, and 12% MgSO, by weight in

solution. If % ionisation of Na,PO, and MgSO, are 50 and 60 respectively then it’s normal

boiling point is [K, (H,0) = 0.50 K kg mo}™']:

(a) 102.3°C (b) 103.35°C - () 101.785°C (d) None of these

Ratio of % of 10 g AB; and 14 g A,B per 100 g of solvent in their respective, solution (AB,
b .

and A,B both are non-electrolytes) is 1 mol/kg in both cases. Hence, atomic wt. of A and B are

respectively : _ '

(a) 100, 40 (b) 60, 20 - (©) 20, 60 (d) None of these

The freezing point of a solution containing 0.2 g of acetic acid in 20.0 g benzene is lowered by

0.45°C. Calculate the degree of dimerization of acetic acid in benzene. K ¢ for benzene is 5.12

Kmol™ kg : : ,

(a) 0.527 (b) 0.80 (c) 0.945 (d) None of these

If boiling point of an aqueous sotution is 100.1°C, what isits freezing point? Given, enthalpy of

fusion and vaporisation of water are 80 cal g™ and 540 cal g™! respectively:

(a) 0.361°C {(b) -0.361°C {c} -3.61°C {d) None of these

100 g of CgH;,0, (ag.) solution has vapour pressure is equal to 40 torr at certain temperature.

Vapour pressure of H,O(l) is 40.8 torr at same temperature. If this solution is cooled to

—0.93°C, what mass of ice will be separated out? (K; =1.86 kg mol 1)

(a) 95.5g () 45¢g (c) 455 g (d) 478 g

1.0 g of a monobasic acid HA in 100-g water lowers the freezing point by 0.155 K. If 0.75 g, of
same acid requires 15 mL of N/5 NaOH solution for complete neutralisation then %, degree of
ionization of acid is (K, of H,0 =1.86 K kg mol™):

(a) 20% (b) 25% (c) 40% {d) 50%

0.1 M KI and 0.2 M AgNOQ, are mixedin 3: 1 volume ratio. The depression of freezing point of
the resulting solution will be [K ; (H,0) =1.86 K kg mol *1:

(a) 3.72K (b) 1.86 K (c) 093K (d) 0.279 K
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I£0.1 M H,50, (aq. ) solution shows freezing point ~0.3906°C then what is the K, for sto 4?
(Assume m =M and K(,0y =1.86 K kg mol™ H

(a) 0.122 (b) 0.0122 (©) 1.11x 107 {d) None of these

A living cell contains a solution which is isotonic with 0.2 M glucose solution. What osmotlc
pressure develops when the cell is placed in 0.05 M BaCl,, solution at 300 K?

{a) 1.23 atm (b) 3.69 atm {c) 6.15 atm (d) None of these
What is the osmotic pressure of 0.2 M HX (aq.) solution at 300 K?

(Given : K3y =8x% 107)

(a) 4.926 atm (b} 0.5024 atm {c} 5.024 atm (d} None of these

A solution contain 8 g of a carbohvdrate in 100 g of water has a'density 1.025 g/mL and an
osmotic pressure of 5 atm at 27°C. What is the molar mass of the carbohydrate?

(a) 387 {(b) 374 {c) 3740 (d) None of these
Study the following figure and choose the correct options. Assuming complete dissociation of
electrolyte:

4 |
L s
0.05 M aq. i 0.10 M agq.
Alx(SOg)z solution i MgCly solution
M

(a) There will be no net moment of any substance across the membrane

(b) MgCl, will flow towards the Al,(SO,); solution

(c) Al,(80,)}), will flow towards the MgCl, solution

(1) The n (osmotic pressure) of 0.1 M MgCl, is higher than the = of 0.05 M Alz {80,4);

The total vapour pressure of a 4 mole % solution of NH3 in water at 293 K is 50.0 torr, the
vapour pressure of pure water is 17.0 torr at this temperature. Applying Henry’s and Raoult’s
laws, calculate the total vapour pressure for a 5 mole % seolution:

(a) 58.25 torr (b) 33 torr " (c) 42.1 torr (d) 52.25 torr

24.-25. The vapour pressure of two pure liquids A and B which form an ideal solution are 500 and

24,

25.

800 torr respectively at 300 K. A liquid solution of A and B for which the mole fraction of A is
0.60 is contained in a cylinder closed by a piston on which the pressure can be varied. The
solution is slowly vaporized at 300 K by decreasing the applied pressure.

The composition of vapour when first bubble formed is:

(@ y4s=06;y5 =04 (b) y, =048, y5 =0.52

(€) y, =052 yp =0.48 (dy y, =05 yp =05

What is the composition of last droplet of liquid remaining in equilibrium with vapour?
(@) x, =0.6; x5 =0.4 M) x, =0.5; x; =0.5
(© x4, =07;x53 =03 (dy x4 =0.3; x5 =0.7
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PASSAGE 1.

Lowering of vapour pressure is determined by Ostwald and Walker dynamic method. It is
based on the principle, when air is allowed to pass through a solvent or solution, it takes up
solvent vapour with it to get itself saturated at that temperature

1 and II are weighted separately before and after passing dry air. Loss in mass of each set,
gives the lowering of vapour pressure. The temperature of air, the solution and the solvent is
kept constant.

. P Pt .
— o f Uquid | " [ Pure | 7 _f Anhy, CaCly dry air
dry air solution molst alr solvent rmora molst alr

| LI}

1. Loss in mass of solvent (w ) will be proportional to:

(a) P°~P (b) P —pe © %’; (&) PxP°
2. Gain in mass of anhydrous CaCi, is proportional to:
(a) P (b) p*° {(c) P-P° (d) pe-P
3. i is equal to:
o qua
(a) — (b) — (c) — @ Zu
Wy + wy Wy +wy W, = wy Wi

4. Dry air was passed through 9.24 g of solute in 108 g of water and then through pure water.
The loss in weight of solution was 3.2 g and that of pure water was 0.08 g. The molecular
weight (g/mol) of solute is nearly :

(a) 50 (b) 62 (c) 70 (d) 80

PASSAGE 2

A dilute solution contains ‘x’ moles of solute A in 1 kg of solvent with molal elevation
constant K,. The solute dimerises in the solution according to the following equation. The
degree of association is (a} is:
24 = A,
1. The van't Hoff factor will be:
(@) i=1-20 (b)i=1-% (c)i=1+_% di=1+u
2. The molecular weight observed will be:

(a) greater than actual molecular weight (b) lesser than actual molecular weight
(¢) equal to the actual molecular weight (d) cannot be predicted by the data given



3. The degree of association is equal to:

(Kpx — AT) ®) Q=M ') a=2+2AT" d a= AT
AT, .2 Kyx Kyx 2Ky x

(a) a=

C ONE OR MORE ANSWERS IS/ARE CORRECT

1.

Which of the following statement(s) is/are correct, if intermolecular forces in liquids A, B and
C are in the order of A <B <(C?

(a) B evaporates more readily than A
(b) B evaporates more readily than C
(c) A evaporates more readily than C
(d) all evaporate at same rate at constant temperature,

. When non-volatile solute is added to a pure solvent, the:

(a) vapour pressure of the solution becomes lower than the vapour pressure of the pure solvent
{b) rate of evaporation of solvent is reduced
{(c) solute does not affect the rate of condensation
(d) . none of these
The total vapour pressure of a binary solution is given by
" P=(100X, + 260 X;) mm Hg
where, X, and X are the mole fractions of components A and B. This indicates that the:

(a) vapour pressure of solution is less than the pure B component

(b) vapour pressure of solution is more than that of pure A component

{c} vapour pressure of pure A is 100 mm Hg and that of pure B is 260 mm Hg

(d) the vapour pressure of pure A and B are 260 mm Hg and 100 mm Hg respectlvely

Which of the following is correct for an ideal solution?

(a) AH,;, =0and AV, =0 (b) AV, =0and AS_;, >0

(¢) AH_;, >0and AS;, >0 (d) AG,,, =0and AS_;, >0

For a non-ideal solution with a negative deviation:

(a) AH ;, =—ve (b) AV, =—ve . (c) AS, =-ve (d) AG, =-ve

A binary solution of liquids A and B will show positive deviation from Raoult’s law if it fulfils .

the following condition:

(@) Py >X,P7 and Py > XgPy

{b) The intermolecular forces of A-B<A-A,B-B

(c) AH mixing is positive

{d) AV mixing is negative

Which of the following statements is/are correct about acetone and trichloromethane

mixture?

{a) mixtures of acetone and trichloromethane shows positive deviation from Raoult’s law

(b) the forces of attraction acting between molecules of acetone and trichloro-methane in a
mixture are greater than those acting between the molecules in pure acetone

(c) pure acetone can be obtained by the caref-ul fractional distillation of any mixture of
acetone and trichloro-methane

(d) when acetone and trichloro-methane are mixed, the enthalpy change is negative



10.

11.

12,

The azeotropic solutions of two miscible liquids:

(a) can be separated by simple distillation

(b) may show positive or negative deviation from Raoult’s law

(c) are supersaturated solution

(d) behave like a single component and boil at a constant temperature

For exact determination of molecular mass through colligative properties measurement:
(a) solute must be volatile

(b) solution must be very dilute

{c) solution must be formed by similar nature of substances

(d) solute must not be dissociated or associated

For the depression of freezing point experiment. The correct statement(s) is/are:

(a) Vapour pressure of pure solvent is more than that of solution

(b} Vapour pressure of pure solvent is less than that of solution

{c) Only solute molecules solidify at the freezing point

(d) Only solvent molecules solidify at the freezing point

The cryoscopic constant value depends upon:

(a) The molar mass of the solute in the solution

(b) The molar mass of the solvent in the solution

(c) The enthalpy of vaporisation of the solvent

(d} The freezing point of the solvent

Consider 0.1 M solutions of two solutes X and Y. The solute X behaves as univalent electrolyte,
while the solute Y dimerises in solution. Select correct statement(s) regarding these solutions:
(a) The boiling point of solution of X’ will be higher than that of Y’

{(b) The osmotic pressure of solution of ‘Y’ will be lower than that of X

(c) The freezing point of solution of X’ will be lower than that of ‘Y’

. (d) The relative lowering of vapour pressure of both the solution will be the same

13.

14.

15.

Consider following solutions:

(I) I M glucose (aq) (I) 1 M sodium chloride (aq)
(II) 1 M acetic acid in benzene (IV) 1 M ammonium phosphate (aq)
(a) all are isotonic solutions (b) 1M is hypotdnic of L II, IV

" (c) 1, II, IV are hypertonic of III (d) IV is hypertonic of I, II, III

Which of the following statements is (are) incorrect?

(a) 0.1 M KCl solution will have the same osmotic pressure as 0.1 M glucose solution

(b) 0.1 M KCl solution will have the same boiling peint as 0.1 M urea solution

(c) 0.1 m glucose and 0.1 m urea are isotonic

(d) 0.1 m MgCl,, solution will have less relative lowering of vapour pressure than 0.1 m NaCl

Consider following solutions:
0.1 m C,HNH%Cl™; 0.1 m KCl; 0.1 m Glucose; 0.1 m Na,C,0,-10H,0

(a) the solution with highest boiling point is 0.1 m Na,C,0,-10H,0

(b) the solution with highest freezing point is 0.1 m glucose
(c) 0.1 m CgH NH,Cl and 0.1 m NaCl will have the same osmotic pressure

{d) 0.1 m glucose solution will have the lowest osmotic pressure
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O MATCH THE COLUMN

il

Column-I and Column-II contains four entries each. Entries of column-I are to be matched
with some entries of.column-II. One or more than one entries of column-I may have the

matching with the same entries of column-1L.

1. I . Column-1

{A) n-hexane + n-heptane
(B) Acetone + chloroform
1(C} Chloro-benzene and bromo-benzene

{(D) Ethanol -+ water

o Column-1I

e - -

(P) Can be separated by fractional diétillatioh '

(Q) Maximum boiling azeotrope
1

(R) Cannot be separated by fractional
distillation completely

(S8) Minimum boiling azeotrope

2-[ :Column-I
(A) m; : 0.1M glucose; nr, : 0.1 M urea
{(B) m : 0.1M NaCl; n, : 0.1M Na S0,

i
[(C) m; : 0.1M NaCl; =, : 0.1M KCl

Column-I¥ ’
Cm e . —me o om ] aad

(P) =, and =, are isotonic

(Q) No net migration of solvent across the’
membrane

(R) =, is hypertonic to n,

(8)_m, is hypotonic to n,

[(1_))_ m; : 0.1 M CuS0O,; 1y & 0.1 M sucrose

3.1 Colum'n-l
{A) 0.1 MAI,(50,),
'l(B} 0.1 M AIPO,

;(C) 0.1 M urea
(D O01MMegCl, |

Colutimi—ll o
(P) Solution with highest boiling point
(Q) Var't Hoff factor is greatér than 1
(R) Solution with lowest osmotic pressure
1(S)_Solution with lowest freezing point

i
4. Column-I

(Solute)
[(A) AlCl, if 0. = 0.8
(B) BaCl, ifa =0.9
i(C) NasPO, if a = 0.9
D) K, [Fe(CN))if o = 0.7

(P) i=34
Q) i=28
(R) i =3.8
() i=3.7 _

. Column-II 7 ¢

(Van't Hoff factor, i)

S. Column-I
(A) Elevatdon of B.P.
i(B) Osmotic pressure
!(C) Relative lowering in V.P.
i(p) Depression of F.P.

Column-II

(P) Colligative property
(Q) Ebullioscopic constant
(R) Berkeley-Heartley

{S) Ostwald and Walker method
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& . ASSERTION-REASON TYPE QUESTIONS

Each question contains STATEMENT-1 (Assertion) and STATEMENT-2 (Reason).
Examine the statement carefully and mark the correct answer according to the instructions
given below:
(A) If both the statements are TRUE and STATEMENT-2 is the correct explanation of
STATEMENT-1

(B) If both the statements are TRUE but STATEMENT-2 is NOT the correct explanation of
- STATEMENT-1
(C) If STATEMENT-1 is TRUE and STATEMENT-2 is FALSE .
(D) If STATEMENT-1 is FALSE and STATEMENT-2 is TRIIJE'j

1. STATEMENT-1: An increase in surface area increases the rate of evaporation.
STATEMENT-2 : Stronger the inter-molecular. ‘attraction forces, faster is the rate of
_ evaporation at a given temperature.

2. STATEMENT-1: An ideal solution obeys Raoult’s law.
STATEMENT-2 : In an ideal solution, solute-solute as well as solvent-solvent, interactions

are similar to solute-solvent interactions.

3. STATEMENT-1 : I[f aliquid solute more volatile than the solvent is added to the solvent, the
vapour pressure of the solution is greater than vapour pressure of pure
solvent.

STATEMENT-2 : Vapour pressure of solution is equal to vapour pressure of solvent.
4. STATEMENT-1: AV,; and AS_;, for an ideal solution is zero.
STATEMENT-2 : A._.Binteraction in an ideal solution are same as between A... A and B...B.
5. STATEMENT-1: Elevation in boiling point will be high if the molal elevation constant of
the liquid is high.
STATEMENT-2 : Elevation in boiling point is a colligative property.
6. STATEMENT-1: The boiling point of 0.1 M urea solution is less than that of 0.1 M KGl
soluton,

STATEMENT-2 : Elevation of boiling point is directly proportional to the number of moles
of non-volatile solute particles present in the solution. |

The observed molar mass of acetic acid in benzene is more than the
normal molar mass of acetic acid.

STATEMENT-2 : Molecules of acetic acid dimerise in benzene due to hydrogen bonding.

8. STATEMENT-1: Addition of ethylene glycol to water lowers the freezing point of water,
' therefore, used as antifreeze substance.

STATEMENT-2 : Ethylene glycol is soluble in water.
9. STATEMENT-1 : Osmotic pressure is a colligative property.
STATEMENT-2 : Osmotic pressure developed in a column due to osmosis.

10. STATEMENT-1 : Osmosis involves movement of solvent molecules from its lower.
concentration to its higher concentration.

STATEMENT-2 : Solutions having the same osmotic pressure are called isotonic solutions.

7. STATEMENT-1

..



| DILUTE SOLUTION

11.

12.

13.

14.

15.
16.
17.

18.

19,

' 20.

. - - —

STATEMENT-1 :
STATEMENT-2 :

STATEMENT-1

- STATEMENT-2 :

STATEMENT-1 :

STATEMENT-2 :
STATEMENT-1 :
STATEMENT-2 :

STATEMENT-1 :

- STATEMENT-2 :

STATEMENT-1 :
STATEMENT-2 :
STATEMENT-1 :
STATEMENT-2 :
STATEMENT-1 :

STATEMENT-2
STATEMENT-1

STATEMENT-2
STATEMENT-1

 STATEMENT-2

C SUBJECT IVE PROBI.EMS

-

4

Isotonic solutions must have the same molar concentration.

Solutions which have the same osmotic pressure are known as isotonic
solution.

Isotonic solutions do not show phenomenon of osmosis.
Isotonic solutions have same molar concentration at same temperature.

When dried fruits and vegetables are placed in water, they slowly get
swelled.

It happens due to the phenomenon of osmosis.
Reverse osmosis is used to purify sea water.

Solvent molecules pass from concentrate solution to pure solvent through
semipermeable membrane if high pressure is applied on solution side.

All solutes becomes more soluble in water at higher temperature
Solubility of solute depends upon temperature.

Henry’s law is always applicable for gases.
Raoult’s law is a special case of Henry’s law.
Increasing pressure on pure water decrease its freezing point.
Density of water is maximum at 273 K.

The molecular weight of acetic acid determined by depression in freezing
point method in benzene and water was found to be dlfferent

Water is polar and benzene is non-polar.

If red blood cells were removed from the body and piaced in pure water,
pressure inside the cell increases.

The concentration of the salt content in the cells increases.
Azeotrope is a binary mixture formed by ideal solutions.
Azeotrope boils with unchanged composition.

1. The vapour pressure of two pure liquids A and B are 5 and 10 torr respectively. Calculate the
total pressure of the solution (in torr) obtained by mixing 2 mole of A and 3 mole of B.

The vapour pressure of two pure liquids A and B are 50 and 40 torr respectively. If 8 moles of A
is mixed with x moles of B, then vapour pressure of solution obtained is 48 torr. What is the

2.

value of x.

vapour phase.

. The vapour pressure of a liquid solution containing A and Bis 99 torr. Calculate mole % of Bin

(Given : P, =100 torr ; P, = 80 torr)

If 30 g of a solute of molecular weight 154 is dissolved in 250 g of benzene. What will be the
boiling point of the resulting solution ?

{Given : Ky(cerg) = 2.6Kkgmol‘ )



S.

N

10.

Calculate elevation in boiling point for 2 molal aqueous solution of glucose.
(Given : Kp(y,05 = 0.5K kg mol™)

Calculate depression of freezing point for 0.56 molal aq. solution of KCL
(Given : Ky (y,0y = 18K kg mol™).

What is the maximum value of van't Hoff factor for AlCl, ?

A solution containing 500 g of a protein per litre is isotonic with a solution containing 3.42g
sucrose per litre. The molecular mass of protein in 5x 10%, hence x is.

ks

. An aqueous solution of urea has a freezing point of -0.515°C. Predict the osmotic pressure (in

atm) of the same soludon at 37°C.
(Given : K ;(y,q) = 1.86K kg mol 1) '

0.2M aq. solution of KClI is isotonic with 0.2M K,SO, at same temperature.
What is the van't Hoff factor of K,SO, ?
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-* . ‘One or More Answers is/are Correct

v

1. (b} 2. {(abc) 3. (abc) 4. {a,b,d) 5. (a,bd) 6 {(abcy . 7. (bd) 8. (bd)

.8 (bd) 10. (ad) 1, (bed) 12. {abe) 13. (becdd 14 (abd) 15 (abcd)

Match the Column

1. A= P; B— QR; C— P; D— R, S
2. AP Q; B— §; C-o P QO D> R
3. AP, QS; B> Q; C—o R; D> Q
4. A P; B> Q; Co S; D> R
5. AP Q; B—o P, R; C—» P, R; D> P

Assertion-Reason Type Questions

1O w30 6 D) B s B 10 ®

PRt

SAL DY 120 (A 13 (A) UM (B) ' 18, () 20, (D)

Subjective Problems

1.8 2 2 3 4 :.;.‘:"'t'r'r.;'




Hints

Level 1
2. (b) Given P, =19 mm Hg, P, =760 mm Hg;
AH,,, = 40670 J/mol
Applying Clausius-Clapeyron's equation
lOg & = AHHP Tz — Tl
P, 2303xR | TiT,
760 _ 40670 (373-T,
19 2303 %83\ T, x373

or log

on solving, we get T, =2914 K
3. (a) Inidal wt. of HO()=18 g;

[24.63] 76
760

n = ———————— .01
H20 0.0821 x 300
% wt. of H,O vaporised = %&E x100

= 1%

9. (d) Soluton X is unsaturated so v. pr. will be
more, solution Y and Z are saturated so v. pr.
of Y =v. pr. of Z and 2 gm of solute would be

present in form of solid in system Z.

pe—p pe-p n
11. (d)?—=x,°lme or P ChaN
0.1
= 0.01; P=099P°

0.1+9.9

13. (c) Given P, =750 mm Hg
-+ 373 K is boiling point of water.

Thus, P; =760 mm Hg

(P" - P] 1000
ms= x
P thvm
10 x1000 0.74

750 18

14. (c) Normal boiling point of water is 100°C,

hence
P°{H,0) = 760 torr; M(H,0)=18 g/mol

[P"—P] 1000
m= x

= P =746.5, AP =13.45 tomr

and Solutions

15. (b)_P,:[%] Pe,w=?,
Mogue =40, w=1148, M e =114
Pe-P wxM, wn
Ps - Msulmc xW
P°—(80/100)P° wx114
(80/100)P°  40x57’

(for very dilute solution)

DYV
N, Ng
= Mg =2M ,

17. (c) We know that

YA = PAOXA or .LA. = —P‘: -
total X A P total
Pi>P, SO Yos1 o Yi>X,
XA
18. (a) Molesof A = 20 0.5;
] 40
moles of B = 20 = 0.25

80
0.5 =0.67, xp=0.33

¥AT 05+ 025
Py = PSX , + PSX,
= 100 x0.67 + 40 x0.33 = 80 torr
19. (a) Since, P = X ,P{ + XpPg, we have

1 3
Pg+ Pg =550 mm Hg;
[1+3) A (1+3J B &

1 Y. 4 ). .
P P2 = 560 mm H
(1+4] "+(1+4J B mm T

That is, 0.25 P4 + 0.75 Py = 550 mm Hg;
020 P + 0.8 Py = 560 mm Hg
Solving for P; and Py, we get;

P; = 400 mm Hg and P = 600 mm Hg




Pix Prx
20. (a =& = CALA d =878,
().YA P Vg P
Ya_Py X4 . i—-lmx X4
Ys P; Xp 3 3 (I-x4)
x iorx 1
475 s
1 1 3
21. (a8 x,= = —; Xg=-—;
@xa=1773 = 3 7y
YA _jf_;: X4
Yo Py Xp
Ya =lxl
-y, 3 3
= 1 or =L
B 9 T

26. '(a) Elevation in boiling point « concentration of
a solution. Thus, the order of concentration
of solutionis I < I < II1,

34. (A Pyey = Plx, + Pgxg;
=100 x%+ 80 x%:- = 85 mm Hg

P, = 90 mm Hg; ‘

Actual v. pr. is greater than ideal
solution v. pr. so +ve deviation from
Raoult’s law.

35. (d) From an azeotropic mixture the components
cannot be separated at boiling point because
it is a constant temperature boiling mixture.

39. (o) For two immiscible liquid;
Py =P PH20_748 648 = 100

Wa _PiM,, ,, 125 648x18
Wy pem, 1 100
= 1458
40. @Wa_Pa My _ 07 1125
W py My 7 18
= 0.625
%Lx100=2‘62—5x100
W,y + Wy 1.625
= 38.46
42, (a)i:]_-g-(n—l)g_ SO n=LH.
. o
c —a)+ & o
43. (Qi=— 0 j=-1_q+2
C n

45. (¢) For high v. pr. concentration of solute
should be low and temperature should be
high.

49, (0 mi=

51.

52,

54.

55.

57.

60. (b) AT =2.304; m= 1-4_4

61.

pe-p 1600

3

% —
Msolvent
{20.0126 - 20) x 1000 ,

20 %18 g

7m=

m=5x107

(d) ATb =Kb.m = 3.63 X%

x 1000;

T, =617 + 0.968

= 62.67°C
(d T,=80.26, AT,=0.16;
016 = 253 x M x 1000; M =~ 367

. that is almost molar mass of C,H,Fe,.

(d) AT, (normal) =K,ym =2.53x1 = 2.53K;
ATb(ohs) 1 518 _
T AT, cor) 253

=1—(1—1J o a=08
n

0
Msatvent ¥ R % Ty(solvent .

b) AH, = ;
® Vap- 1000 x K},
_ 92x8.314 x(383.7)7
v 1000 x 3.32
= 33.91 kJ/mol = 34 kJ/mol
(a) Xy, = X* + 2
Initially 1 0 0
at equilibium 1-« [+3 2a

Total no. of moles =1-a +a + 2a =1 + 2u
_ Normal molar mass =~ 1+ 2a 164

Observed molar mass’ 1 65.6

a=0.75%a=75%
2.304

0.16;

n solulc

m= »x 1000

solvent

0.16= 26, 1000
M

) ne e, = 0.18;

58
m=218 11000 = 0.9
200
AT; =5.12x0.9 = 4.608;
Ty =5.5-4.608 = 0.892°C



62,

67.

73.

74.

75.

76.

77.

78.

79.

80.

(@) —4°F = -20°C; ATy =20°C

ATf=Kf.m = m=—2£=1075
1.86

mass of C,H;OH required
= 10.75x46 = 4945¢g .
36 1

AT, =K;.m = 0.93=1.86x " x—,
(d) ATy =Ky M 12

M=60 and 30xn=60;, . n=2
so compound is C,H,0,.

(b) ATf =Kf x molality xi;
0.558=186x0.1xi'ori=3

Thus complex is [CoCl xNH,].Cl,. Since
co-ordination number of CQ is six, thus
complex is [CO(NH,);ClICl,.

(d) Depression in- freezing point, AT, =iKm.
The value of van't Hoff factor (i) is minimum
for the glucose, which is a non-electrolyte.
Hence, aqueous solution of glucose has
highest freezing point.

(a) Molality of solution should be same
M, =M,;
4 . 1000 10 N 1000
60 96 M, 90
)] ATy =Kp.m = 1.86=K; x1
= K((H,0)=1386
for HCOOH; 0.02046=1.86 x0.01(1 + o);
a=0L so{H']=a = 107%; pH=3
(a) The reaction when Ki is added in Hgl,
Hgl, + 2KI —> K,Hgl, == 2K* + Hgi3
Since, number of ions decreased, so freezing
point increases.
(b)Y AT, =mKd
ATy, = mKyj

or My =160

Mow =7

i, S0 M, increases
(c) To use car; ATy = T; -T;=9.3K

.'.ATf=Kfm = 93=18m = m=5

-~ number of moles of ethylene glycol added
to 5 L of water of radiator = 5x 5= 25
or 25x62 = 1550 ¢g .

(b) Given K; =1.86 K kg mol ™!, m = 0.01,

AT; =0.0194°C

L AT, =i Kpm; —i%d
1.86 x 0.01
or i=1.043 or o =0.043

83. (c) AT; =K, mi;

0.87 = 1.86 xi x( 1 Xmoo} i—4
3455 25
84.. (2) AT = K, [”1 8 xlOOOJ; '
solvent

3,18
AT, =186160 180 1000} = 1.172
f 95.2 :

Tf _Tf =1172°C;
85. (b) ATf =Kf' mi =

i:l—a+g
2

Ty =-1.172°C
i=0.633
= a=073

87. (d i=l+a = 125
ATy =K;mi = 1.86x0.2x125

or ATf =0465 or Tf =-0.465°C

) ) ; ATy -
B9. @AT; =K, mi = mi = ——=2
KA
_ f
i=2 s0o m=1 .
P°-P_ in _.n_ixmM,
P  in+N N 1000
=2><1><58.5 0.117
1000

91. (d)i=1+30c = 1x3x09= 3.7;
AT, =i Kp.m = 0.52x0.1x3.7 = 0.19
© Ty=Ty+ 0.19 = 373+ 0.19 = 373.19

102.(b) KIFe(CN)s] = 3K + [Fe(CN),I*

Art=0 1 0 0 ,
After ionizaton {1- a) 3o o I=il+3a
Since, i= EW.:L;
Mabnonnal
LI 1+ 30 — Mnormal
1 Mabnonml
100
104.(0) my =1y, —— x 1000 _ 1 1000
342 100 X 100

= X =684

105. (d)




W RT n RT
MT=—X—— 0Of —=—
M Vv cC M
slope—ﬂ'[
M
0.082 x 293
or =—_3——_3
465 %107 x10
= 516 x10% g

109.(b) n =i.C.RT
= 1.8><( ! x-—}——]x24.63

745 0.1
= 594
111.(c) m =iCRT; Where, i =1 for each of the
solution
7o 1

molecular mass of solute’
M, > M; > Ta

urca lucose  SUcrose
60) fgoy (342)

Wp xR xT 4 x0.0821 x 300

P

113. (b) My =

() 15 v o 2
=1.6 x10°

114. (a)i = Nurmber of particles in KI solution

Number of particles in sucrose solution
© (Kl solution)  0.432 atm
7 (sucrose solutiom) T 024am
115. (d) 7 =iCRT; i =5for Al,(SO,),
i = 4 for Na,PO,,
i = 3 for BaCl,, i =1 for glucose

1.80

So osmotic pressure of :
Glucose < BaCl, < Na;PO, < AlL;(SO,);
116. (b) n =iCRT,i =3=1+(n-1) a;
For the salt « =1, hence n =3
[Cr(H,0)sCIICL, HyO + 2AgNO,
— [Cr(H,0)sCIF" + 2AgCI(s)
0.5 L of 1m salt = 0.5 x 2 = 1.0 mole of AgCl

119. (d) Only solvent molecules can passed through
' SPM so only dilution is possible.

120. (a) Henry’s law is m = K - P; where, m =mass of

gas absorbed by given volume of the
solvent.

P = pressure of gas;
. logm=IlogK + log P

122, (d)40 mL O, dissolve in 100 g water at 300 K .

and 1 atm

40 x 4 mL O, dissolve in 400 g water at 300
Kand 1 atm

m P so (40 x4} x4 mL O dissalve in
400 g water at 300 K and 4 atim

, 4 %640 x1072
ng, dissolved = ————— =
5 0.0821 x 300
or mass of O; =4.8g
Level 2 h -
1. (b) Mole fraction of urea in it’s solution
12 -
60
_E 1404 = 0.025
60 18
Mole fraction of glucose
18
= 180
= _1:8”_ . 1783 = 0.01
180 18

Mole fraction of glucose is less so vapour
pressure above the glucose solution will be
higher than the pressure above urea
solution, so some H,0 molecules will

- transfer from glucose to urea side in order to
make the solutions of equal mole fraction to
artain equilibrium, let x moles H,0
transfered

0.2 0.1

T 02+78+x 01+99-x

now mass of glucose solution
= 196.2-4x18 = 1242

x100 = 14.49

x=4

wt. % of glucose = 18
124.2

2. (b)r P =P.X,
P, =PpX,
(P, and P; = v. pr. of pure A and B)
and Y, = Pa
Py + Py
o PiXa
) PX, +P(1-X,)
= ¥, =%
XoPy—Pgl)+ Py
L Ll (m-Rm) m o1
YA PA PA XA



=] o o

So, slope of P—'i and intercept = PL*_‘O_&?.
A P,
3@ P=Pon o, W
P N W xN
850 - 844.9  2x76
844.9 M x100
252

M=252; n=—=8
32

atomicity of sulphur is 8

4. () P=Pyx,+Pgxg = 100 x%+200x%

= 180 torr
¥ s{composition of A vapour phase) = PaXa
p
D1,
180 9 9

For ‘condensation y , = X4 ¥5 = X3
Ptoral =P;‘x}‘\ + P8x§;
Pota =100 x% + -g- % 200 = 188.88 torr

5. (0) Letng mole of B present in 1 mole of mixture

that has been vaporized. Thus, y; = nTB

Mole fraction of B in the remaining liquid

phase will be xg = 1- 1y
xp = 22T )
Py -P;
[- P=P7 + Py - Pr)Yxg]
P Pyx
and =2 = BB ...{2)
Y8=p P ¢
After substitution of values of x and y5 in
(1} and (2) ‘
<
we get 1 —ng = PP ..(3)
Py - Pr
and Ny = Q-ng)Py @
P
or ng = PB
P+ Py
4] o
so 1-—t8_ PP
P+P; pg-pr

. = P=yP-Pp =,f100x900

= 300 torr

6. (c) For an ideal solution AH ;, = 0 and ASmi; is
_always positive so AG,;, is negative.
7. (&) -mi=F=f, 1000 .
B p M soivent
4= (17.25-17.20) x 1000; m=0.04
17.2x18
for dilute solution molality ~ molarity or S;
K, = 275" =~ 7x107 .
8. (d)Moleratioof C:H:0is1:2:1 soempirical
formula is CH,0
m= ATy => 0.15 0.294;
K, 0.51
0.294 =22, 1090,/ 180
M 950

(CH,0),=180 or 30xn=180 orn=~6;
. molecular formula is C¢H;,0y.
. (c) Mass of 1 litre of solution =1010 g;

mass of solvent =1010-300x0.1 = 980 g

m= 0.1 = 0.102; i
0.98

h-J

AT =Kpmi =(1+a)K;m
AT =1.05 x1.86 x 0.102 = 0.199°C;
T; =0 -0.199 =-0.199°C
AT, 1 ATy
- =

10. m=—=2
®) Kp 051 K
1 A'I'f
0.51 1.86

AT; =3.647 or T;=-3.647°C
11. (¢) For NagPO,, i=1+3a =1+3x05
= 2.5; for Mg80,,i=1.6
100 g solution contains 8.2 g Na,;PO, and
12 g MgSO,, '
AT, =Ky m.i =
K l[effective no. of moles of (Na;PQ, + MgS0,)
b wt. of solvent (in g)

X 1000]

82 05+12 16
AT, =0.50| 164 120 x1000» ¢
, 79.8
=1.785°C e
T, =100 + 1.785 = 101.785°C
12. (b) AT, =K, [ﬂﬂ“t—e x -—] x 1000
Wsulvent solute



.
1000 ><'10

=——— T = My, =100
100 x M 4, A%

similarly M,z =140
100=M, + 2-Mg

and = 140=2.M, + Mp;

- M, =60 and M, =20

13. (c) Given  w=0.2g, W =20g, AT =0.45;

1000 x K¢ xw
ATf o et e
M xW
or 0.45 = 1000 x5.12x 0.2
20xM

M (observed)=113.78

Now for 2CH,COOH = (CHSCOOH)Z

Before association 1
After association 1- o a/z

where a is the degree of association.

Mnotmal =1—0’.+E'
. M observed 2
60

“1-a+2; @=0.945
. 113.78 2

14. (b) Given AHj, =80 cal g'l,
AH oy, = 540 cal g™t

We know, ATb—Kb xm

Also = i..__
1000 x AH
ATy _ Ky
ATy Ky
RT¢ 1000 x AHy,
1000 x AHW,],. RT}

ATy TE xAH;,
ATy TP xAH,
0.1 373x373x80
ATf 273 x 273 x 540

ATy =0.361 30,
T; =-0.361°C
15. (d) Molality of solution = ©-—F « 1‘;{&

40.8 - 40 » M

40 18
1000 g water present with 45 g glucose or
100 g solution has 4.31 g glucose and 95.69
g H,0. Final molality is 0.5, 1000 g solvent
contain 90 g glucose or 4.31 g glucose

0.25

present with % x4.31=47.88 g H,0 wt.

of ice formed = 95.69 - 47.88 = 47.8g

—add____ . 1000;
Mg xWy 20
M4 {observed) =120

Normal molecular mass of acid can calculate ’

16. (b) ATy =K x

as
milli-equivalents of acid =milli-equivalents
of base
(for HA and NaOH, N = M)
075 1000 =15x1
acid 5
= - M acid (Normary = 150
[ = 1— 1.25
120
i=l+a = 0.25
% o =25
17. (d) Kl(aq) + AgNO,(aq) — Agl(s)d
+ KNO,(ag)
KI + AgNO; —> KNO, + Agll
Initial : 0.3 mole 0.2 mole = —
Final : 0.1 mole — 0.2 0.2
Total moles of solute ions ={0.1+ 0.2)x2(- i =2)
[Solute] = 0—6 M
4
AT; =K, — 96
4
0.6

18. (b)ATf
i=2.1

first step of H,S0, is strong so
H,80, ——> H' + HSOy;
0 C -
HSO; == H® +S0%
ol - a) Ca Co
_Cl-o)+Ca+Co+C
C

=Kpmi = 0.3906 =1 x1.86 x0.1,

= 2.1;

a=01
Now, HSO; == H* +50%"
Cl-a) (Co+C) Ca
€+ a)xCa
27l -a)
1.1x0.1 x0.1
0.9

=0.0122
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19. (a) n=(C, —i,C;)}RT
= (1 x0.2-3x0.05)0.0821 x 300
= 1.23 atm

5
20. (0) o =210

= 0.02;

i=Q+a) = 1.02
n=i.C.R.T

= 1.02x0.2x0.0821 x 300
= 5.024 atm

21. (b) 8 g of carbohydrate is present with 100 g of
water in solution

or 108 g solution contains
carbohydrate;
108

solution =m
n =1 xR xT
v

8 g of

%1072 litre

1'0:;5 «1000 x 0.0821 x 300 = 5;

X

: E
M
M =374 g/mol
23. (a) The given data are
P nrer =17.0 torr;
P,y (4 mole % solution)
=Py, + Pryares = 50.0 torT
Xyuy =0.04 and  x,. =0.96
Now according to Raoult’s law;
P, P

water — X water

water
=0.96 x17.0 torr =16.32 torr
Now Henry’s law constant for ammonia is
P
K (NHg) = NHy _ 33.68 torr
Xny . 004
Hence, for 5 mole % solution, we have
Py, =Ky(NH3) Xy,

= 842 torr

43

= (842 torr) (0.05) = 42.1 torr
P

water = P water wﬂter

=(17 torr) (0.95)=16.15torr -

Thus, P,ml (5 mole % solution)
= Pty + Puuster =42.1 + 16.15=58.25 torr
24. (DYP=Pux,+Pyxy
=> 500 x0.6+ 800 x0.4

= 620 torr
<Fa _, 300
Y45 620
= 0.48; y, =0.52
25. () B =500; Py = 800 torr
T T T Constant B
=06 g
. Pr.
|
Fa
|
P
Pure Pura.
! A

i Mole haction

When most of the liquid has vaporized
x, = 0.6 (given) would be y , = 0.6

Pix,
Yas=
Px,+Pi(1~x,)
- o 500. x,,

SOOXA + 800 (1 ~ x,)
- x, =070, xp=030
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