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Solution

Q. 1. Calculate the mass percentage of benzene (CgHg) and carbon tetrachloride (CCly) if 22 g of benzene
is dissolved in 122 g of carbon tetrachloride.

22,
Ans. Mass percentage of benzene = Mass ot benzc.me x100= B x100=15.28%
Mass of solution 22 + 122 ¢
Mass percentage of carbon tetrachloride = 100 — Mass percentage of benzene
=100-15.28
=84.72%

Q. 2. Calculate the mole fraction of benzene in solution containing 30% by mass in carbon tetrachloride.
Ans. Let the mass of solution be 100 g.
Mass of benzene = 30 g,

Mass of carbon tetrachloride = 100 g-30g=70 ¢

30
Number of moles of benzene = Mest o 5 & 0.385 mol
Molar mass 78 g mol™
Mass T0g

Number of moles of carbon tetrachloride = =0.455 mol

Molar mass i 154 ¢ mol™

Moles of benzene

Mole fraction of benzene =
Moles of benzene + Moles of carbon tetrachloride

_ 0.385mol

T

Q. 3. Calculate the molarity of each of the following solutions:
(a) 30 g of Co(NO;),. 6H,0 in 4.3 L of solution
(b) 30 mL of 0.5 M H,S0O, diluted to 500 mL
Amns.  (a) Mass of solute, Co(NO4),.6H,0 =30 g
Molar mass of Co(NQO5),.6H,0 =59 +2(14+3x 16) +6x 18=291 g mol™!
Mass 30g

Number of moles of Co(NO,),.6H,0 = Molar Mass 291g oo =0.1 mol

Volume of solution=43 L

Number of moles of solute _ 0.1 mol

. i -t - -1
MBI =g e et s, AT, LML
®) M;=05M V,=30mL
=1 V, = 500 mL

Applying molarity equation, M; V| = M, V,, we get
0.5 M x 30 mL = M, x 500 mL.
05x30M

M, =="2"= =0.03M

Alternatively,

Number of moles = Molarity x Volume of solution in litres
Number of moles of H,SO, present in 0.5 M of 30 mL H,SO, solution

=0.5mol L™ % 0.03 L =0.015 mol

s 500 L
Volume of solution =500 mL = 1000 5L
. ..., _ Number of moles of solute _ 0.015mol _ -1
< Molantp= Volume of solution in litres 05L thimd L


H2O TECH LABS
Typewritten text
Solution


r—---""-""-"""-"="-"="®="-""'""""-"————_—_—/—_—/—

o = o e o o o e e = e e = = = = —— —— — — — —

Q. 4. Calculate the mass of urea (NH,CONH,) required in making 2.5 kg of 0.25 molal aqueous solution.
Ans. Mass of required aqueous solution = 2.5 kg =2500 g

0.25 molal agueous solution of urea means 0.25 mole of urea is dissolved in 1000 grams of water.

Mass of water = 1000 g

Moles of urea = 0.25 mol

Molar mass of urea (H,NCONH,) =4 x 1 +2x 14+ 1 x 12+ 1 x 16 = 60 g mol™’

Mass of urea = Number of moles of urea x Molar mass of urea
Mass of 0.25 moles of urea = 0.25 mol x 60 g mol™ =15 g
Mass of solution= 1000 g+ 15g=1015¢g
1015 g of aqueous solution contains urea = 15 g

15g
1015¢

2500 g of aqueous solution will require urea = x2500g=3695¢g
Q. 5. Calculate (i) molality (if) molarity and (iii) mole fraction of Kl if the density of 20% (mass/mass)

aqueous KIis 1.202 g mL™.
Ans. 20% (mass/mass) aqueous KI solution means that

Massof KI=20g

Mass of solution = 100 g

Mass of solvent (water) = 100-20=80g
() Calculation of melality
Molar mass of KI = 39 + 127 = 166 g mol™*

20g
= ————=0.120
166 g mol
H.
Miolality afsolition = S x1000=212 % 1000 =15 m
WH20 80
(if) Caleulation of molarity
Density of solution = 1.202 g mL™?
100 g
Volume of solution = —————— =832 mL =0.0832L
1.202 gml
h _ 0.120 mol

Molarity of solution = =144 M

Volume of solutionin L. 0.0832L
Alternatively,
mass/mass % X d X 10 0 20%1.202X10 . 240.4

B Molar mass of K1 166 166 sl
(iii) Calculation of mole fraction of KI
figy = 0.120 mol
Mass of water 80g
"0 = Molar mass of water i 18 gmol™! i
M 0.120 mol _ 0120 mol _ 0.0263

M o g 444mol+0.12mol  4.560 mol

Q. 6. HS,S, a toxic gas with rotten egg-like smell, is used for qualitative analysis. If the solubility of H,S in
water at STP is 0.195 m, calculate Henry's law constant.
Ans. 0.195 m aqueous solution of H,S means 0.195 mole of H,S is dissolved in 1000 g of water.

1000 g
Number of moles of water in 1000 g= ————— = 55.55 mol
18 g mol™!
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Q.7

Number of moles of H,S = 0.195 mol

s 0.195 mol 0.195 mol

TS = ¥ Mo 0.195mol +55.55mol | 55.745 mol

=0.0035

According to Henry’s law, Pus™ Ky Xy s
0.987 bar = K, x 0.0035

0.987 bar
Kn = "0.0035

Henry’s law constant for CO, in water is 1.67 x 10° Pa at 298 K. Calculate the quantity of CO; in
500 mL of soda water when packed under 2.5 atm CO, pressure at 298 K.

= 282 bar

Ans. peo,=2.5am=2.5x 10° Pa

Ans.

Ky=167x10°Pa
According to Henry’s law,
Peo, = Ky * %o,
Pco,  2.5%10°Pa

X =
27 K, 167x10°Pa

=15x107
Mass of water = Density of water x Volume of water
=1g/mLx500mL=500g
Number of moles of water, (1,0)

_ Mass of water _ 500g
Molar mass 18 g/mol
fico, oo,
Xco, = + ~h
"0 en;

=27.78 mol

H,0
= fco, = Xco, X MH,0

= 1.5% 107 % 27.78 mol

=41.67 x 107 mol

Mass of CO, = Number of moles of CO, x Molar mass

=41.67 x 107> mol x 44 g/mol

=183¢g
The vapour pressure of pure liquids A and B are 450 and 700 mm Hg respectively at 350 K. Find
out the composition of the liquid mixture if the total vapour pressure is 600 mm Hg. Also find the
composition of the vapour phase.
According to Raoult’s law,

P =X+ PR

=Puxa Pl —x) =pH+ P - PP 4
Here, p% =450 mm Hg; p% = 700 mm Hg; p = 600 mm Hg
Substituting the values, we get

600 =700 + (450 — 700) x,

100

250x, = 100 or Xy = 350 =04
Also, Xy +xp=1 or xp=1l-x,=1-04=0.6
Pa=P% and  pp=phx
P4 =450 mm Hg x 0.4 and pg=700 mm Hg x 0.6
P4 =180 mm Hg and pp=420 mm Hg
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Ans.

Q. 10.

Ans.

G it

Ans.

In vapour phase,

s Py 180 mm Hg
Mole fraction of A, V4= = =030
Py* Py 180 mm Hg + 420 mm Hg
P 420 Hg
Mole fraction of B, yg = £ == 0.70

P.* Py 180mmHg + 420 mmHg
Vapour pressure of pure water at 298 K is 23.8 mm Hg. 50 g of urea NH,CONH, is dissolved in
850 g of water. Calculate the vapour pressure of water for this solution and its relative lowering.
Here, p% =23.8 mm Hg

Wy =50g, M, (urea) =60 g mol™

W, =850 g, M, (water) = 18 g mol™!

Applying Raoult’s 1 Pi-2s 3 o/ My
1n aoult's law, = =
ppiying P: nA+nB WA/MA-'-WB/MS
50/60
"~ 850/18+50/60
0.83 0.83

= 22+083 4805 - 007

Thus, relative lowering of vapour pressure = 0.017
Substituting p% = 23.8 mm Hg, we get

238-p
=0.017

23.8

On solving we get,
p=23.40 mm Hg

Hence, vapour pressure of water in the solution is 23.4 mm Hg.
Boiling point of water at 750 mm Hg is 99.63°C. How much sucrose is to be added to 500 g of water
such that it boils at 100°C?
Molecular mass of sucrose, (C;2H0O). Mp=12x12+22x1+11x16=342¢ mol™
Mass of water = 500 g

Elevation in boiling point, AT, = 100 °C -99.63 °C =037 °C=0.37K

K X Wy X 1000 AT, X My X W,
Aly= ————— = i s A
My x W, 1000 X K,
Wy = 0.37 x 342 x 500 =122
1000 x 0.52
Calculate the mass of ascorbic acid (Vitamin C, C;HgO,) to be dissolved in 75 g of acetic acid to lower
its melting point by 1.5°C. K;= 3.9 K kg mol™, [CBSE 2020 (56/1/1)]
Molecular mass of ascorbic acid, Mp=6x12+8x1+6x16=176¢ mol™
1000 X W,
A?} = )
f Mg =W,
AT X M_XW,
or WB N ™
Kf x 1000
1.5x176 X 75
= “3oxi000 082
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Ans.
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Ans.
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Ans.
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Ans.

Q.4.

Ans.

Q.5.

Ans.
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Calculate the osmotic pressure in pascals exerted by a solution prepared by dissolving 1.0 g of
polymer of molar mass 185,000 in 450 mL of water at 37°C.

g
n=CRT= ?RT

1.0g B
185,000 g mol™" 185,000

Number of moles of solute dissolved, ng = mol

V=450 mL = 0450 L

T=37°C=37+273=310K

R=8314kPaK ' mol™ =8314x 10° PaL K™ mol™
Substituting these values in (i), we get

Define the term solution. How many types of solutions are formed? Write briefly about each type
with an example.
Refer to Points to remember 1 and 2.
Suppose a solid solution is formed between two substances, one whose particles are very large and the
other whose particles are very small. What type of this solid solution is likely to be?
Interstitial solid solution.
Define the following terms
(i) mole fraction (i) molality
(#ii) molarity (iv) mass percentage
Refer to Points to remember 3.
Concentrated nitric acid used in the laboratory is 68 % nitric acid by mass in aqueous solution. What
should be the molarity of such a sample of the acid if the density of the solution is 1.504 g mL™?
Consider 100 g sample of HNO, solution. As solution is 68% (w/w),
Mass of nitric acid =68 g
Molar mass of HNO; =63 g mol™

Number of moles of solute, HNO; = % mol = 1.079 mol

Density of solution = 1.504 g mL™!
Volume of solution = DB;I::;SLY = 501:0 o 665mL=00665L
504 g ml
Moles of the solute  _ 1.079 mol
Volume of solution in L.~ 0.0665 L
mass/mass % xd x10 _ 68x1.504 x10 _ 1022.723

Molar mass of HNO, 63 63

=16.23 mol L™

Molarity of the solution =
Alternatively,

Molarity of the solution = =16.23M

A solution of glucose in water is labelled as 10 per cent w/w. What would be the molality and mole
fraction of each component in the solution? If the density of the solution is 1.2 g mL, what shall be

the molarity of the solution? [CBSE (AI) 2014]
10% w/w solution of glucose means 10 grams of glucose is present in 100 g of solution, i.e., 90 g of water.
10
Number of moles of glucose = 7(&] =0.055 mol
180 g mol™
S0g
Number of moles of water = ————— =5 mol
18 g mol™
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Number of moles of glucose _0.055
Mass of water (in kg) 0.09 kg

"cHaOy  _ 0.055mol
o, + 0 5 mol +0.055 mol

Molality of the solution = = 0.61 mol kg'l

Mole fraction of glucose, x. 4 o = =0.01
61276

n
C6Hl2

Mole fraction of water, T = 1= Xe 0, = 1.00-0.01=0.99

Volume of 100 g glucose solution = Mass of solution

Density of solution

100,
J 1% g0, 1,
1.2 gml” 12 12

Number of moles of glucose
= DBl g i el 178

Molarity of the solution =

Volume of solution l—L
12

Q. 6. How many mL of a 0.1 M HCI are required to react completely with 1g mixture of Na,CO; and
NaHCO, containing equimolar amounts of both?
Ans. To calculate the number of moles of the components in the mixture.
Let Na,CO, present in the mixture be x g
NaHCOj, present in the mixture = (1 —x) g.
Molar mass of Na,C0y =2 %23 + 12+ 3 x 16 = 106 g mol™
Molar mass of NaHCO; =23 + 1 + 12+ 3 x 16 =84 g mol™

- 1 o L= 1
MNa,c0, ~ 106 0" MNaHco, T ggq TP

As mixture contains equimolar amounts of the two,

X l-x

06" @ 106 — 106x = 84x
or x= L 0.558¢g
190

Thus, Moles of Na,CO, = 01'328 =0.00526

1-0.558 _ 0442 _
Moles of NaHCO, = R w4 = 0.00526

To calculate the moles of HCI required.
Na,CO; + 2HCl —— 2NaCl + H,0 + CO,
NaHCO; + HCl —— NaCl + H,0 + CO,
1 mole of Na,CO, requires HCl = 2 moles
0.00526 mole of Na,COj; requires HC1 = 0.00526 x 2 moles = 0.01052 moles
1 mol of NaHCO, requires HCI = 1 mol
0.00526 moles of NaHCO; requires HC1 = 0.00526 moles
Total HCI required = 0.01052 moles + 0.00526 moles = 0.01578 moles
To calculate volume of 0.1 M HCL
0.1 moles of 0.1 M HCI are present in 1000 mL of HCI.

0.01578 moles of 0.1 M HCI will be present in HCl = 13010

Q. 7. A solution is obtained by mixing 300 g of 25% and 400 g of 40% solution by mass. Calculate the mass
percentage of the resulting solution.

x0.01578 = 157.8 mL

Ans. 300 g of 25% solution contains solute = % =75¢g
X
400 g of 40% solution contains solute = % =160g



r—---""-""-"""-"="-"="®="-""'""""-"————_—_—/—_—/—

o = o e o o o e e = e e = = = = —— —— — — — —

Q.8.

Ans.

Ans.

Q. 10.
Ans.

i

Ans.

Total mass of solute =160 g+75g=235¢
Total mass of solution =300g+400g=700g
% of solute in the final solution = % x 100 = 33.5%

% of solvent in the final solution = 100 — 33.5 = 66.5%
An antifreeze solution is prepared from 222.6 g of ethylene glycol, C,H,(OH), and 200 g of water.
Calculate the molality of the solution. If the density of the solution is 1.072 g mL'l, then what shall be
the molarity of the solution?

Mass of ethylene glycol =2226 ¢
Molar mass of ethylene glycol, C,H,(OH), = 62 g mol™
2226¢g

Number of moles of ethylene glycol= ————— =3.59 mol

62 g mol

Mass of water = 200 g = 0.20 kg
Moles of ethylene glycol 3 59 mel
Mass of solvent (inkg)  0.20 kg
Total mass of the solution =222.6 g +200g=4226g
Mass of solution _ 4226¢g

Density of solution ~ 1.072 g mL™

Molality of solution = =17.95 mol kg'l

Volume of solution = =3942mL=03942L

Moles of ethylene glycol 3,59 mol
Volume of solution (inL)  0.3942L

Molarity of solution = =9.1mol L
A sample of drinking water was found to be severely contaminated with chloroform, CHCI; which is
supposed to be a carcinogen. The level of contamination was 15 ppm (by mass).
(i) Express this in percent by mass.
(ii) Determine the molality of chloroform in the water sample.
Let the mass of solution be 10° g.
Mass of solute, chloroform=15g
Mass of chloroform

() % by mass of chloroform = e o soluton %100

15
=L S 100=15x10" %

106 g
(i) Mass of solvent, water = 10°g - 15 g~ 10°g = 10° kg
15
Wymbier-of moles of Silpeoarm, EHCH; = Dsotdilbroly S 0126mol
Molar mass 119.5 g mol™

: 4 Number of moles of chloroform  0.126 mol
Molality of solution = - = 3
Mass of water (in kg) 10° kg

=1.26 x 10~ mol kg™
‘What role molecular interaction play in the solution of alcohol and water?
There is intermolecular hydrogen bonding in alcohol as well as in water. On mixing, the magnitude
of attractive forces tends to decrease. Due to decrease in attractive forces, the solution shows positive

deviations from ideal behaviour. As a result, the solution will have higher vapour pressure and lower
boiling point as compared to that of pure water and pure alcohol separately.

Why do gases always tend to be less soluble in liquid as the temperature is raised?

Gas + Liquid == Dissolved gas; AH =—ve
Dissolution of gas in liquid is an exothermic process. As the temperature is increased, according to the
Le Chatelier’s principle the equilibrium will shift backward. This results in decrease of solubility of gases
in liquid.
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State Henry’s law and mention some important applications.

Refer to Points to remember 2(c).

The partial pressure of ethane over a solution containing 6.56 x 10 g of ethane is 1 bar. If the
solution contains 5.00 x107* g of ethane, then what shall be the partial pressure of the gas?
According to Henry’s law, m= Ky xp

Case L. 6.56 x 107g = K x 1 bar

or, Ky =656x 107 g bar™

Case IL 5.00 x 1072 g =(6.56 107 g bar™!) xp
500%107 g

or = 7.62 bar

P= 510 ghar
What is meant by positive and negative deviations from Raoult’s law and how is the sign of A ; H
related to positive and negative deviations from Raoult’s law?

Refer to Points to remember 5(b).

An aqueous solution of 2% non-volatile solute exerts a pressure of 1.004 bar at the normal boiling
point of the solvent. What is the molar mass of the solute?

Vapour pressure of pure water at the boiling point (p°) = 1 atm = 1.013 bar

Vapour pressure of solution (p,) = 1.004 bar

Mass of solute, Wy=2g

Mass of solution = 100 g

Mass of solvent, W, =100 g-2g=98 ¢
Applying Raoult’s law for dilute solution (being 2%)

AP m o Wo/My Wy M,
Py ngtng My W /M, My W,
(1.013 bar— 1.004 bar) ZgXIngol"
1.013 bar = T M x%g
2gx18 gmol™ x1.013 bar L7
or Mg = 98 g % 0.009 bar =41.35 g mol

Heptane and octane form an ideal solution. At 373 K, the vapour pressures of the two liquid
components are 105.2 kPa and 46.8 kPa, respectively. What will be the vapour pressure of a mixture
of 26.0 g of heptane and 35.0 g of octane?

Molar mass of heptane, C;H ¢ = 100 g mol™*

Molar mass of octane, CgHjg =114 g mol™

260¢g B
= g = mo!
fcHig 100 g mol™
350¢g
anHm = m =0.31 mol
n
Gl _ 0.26 .
o= ney Fhgy 0264031 - Lo
Yoty = 1= Xegmye
=1-0456 = 0.544
Po = 105.2 kPa x 0.456
=47.97 kPa

Peg,, =46.8 kPa x 0.544 = 25.46 kPa

Protal = Poy + Poghyg
=47.97 + 2546 =73.43 kPa
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Q. 18.

The vapour pressure of water is 12.3 kPa at 300 K. Calculate the vapour pressure of 1 molal solution
of a non-volatile solute in it.

1 molal solution means 1 mol of the solute is present in 1000 g of the solvent, H,O (assuming the solution
to be dilute).

1000
Mao= g = 55.5 moles
1
Tolue = [7555 =0.0177
Pi-P, 123-p,
Also, Tsalue = P: =0.0177= 13
or p, =12.08 kPa

Calculate the mass of a non-volatile solute (molar mass 40 g moi") which should be dissolved in 114
g octane to reduce its vapour pressure to 80%.

. 80xp’ o _We
Ans. p,=80% of p°= W*O-SOP g =30 mol
ll4¢g o
gy, = m =1 mol (Molar mass of CgH 3 = 114 g mol™)
2= p,
Now , — % =X
P
p°—-0.80p° ny W3/40
po nB+an%87%/40+;
W, L
= = =8 =
0.2 (40 1) 20 or —7o 0.2
or Wy=10g

Ans.

A solution containing 30 g of a non-volatile solute exactly in 90 g of water has a vapour pressure of
2.8 kPa at 298 K. Further 18 g of water is then added to the solution, the new vapour pressure becomes
2.9 kPa at 298 K. Calculate (i) molar mass of the solute (ii) vapour pressure of water at 298 K.

(i) Suppose the molar mass of the solute = Mg g mol™

Number of moles of solute, ng = =1 mol

MB
90 g
Number of solvent (water), ny = ———— =5 mol
18 g mol
According to Raoult’s law,
Py-P, _m po-28 B 30/M,
P, ngtag T e T (30IM)y)
28 30/M,
or bimmer———
pS ST(30/My)
78 30/M, 5+ 30/M, - 30/M, 5
= P 1= 3760M) ~ 5+G0M,)  5+(0M))
o
» 5+ (30/M,)
. Fl o™ R e B D
28 5 M,

After adding 18 g of water,

Number of moles of water (n,) = % =6 mol
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Q. 20.

Ans.

Q.21

Ans.

According to Raoult’s law,

py—29 30/,
Py 6+(30Mp)
29 30/M,
or | e . B
P25 6+(30/M,)
24 My 6+ QUMY -(GOUMy) g
or 5 6+(30My) 6+ (30/M,) 6+ (30/Mp)
P 6+(30/M)y)
or —_ = —
2.9 6
Py 5
A
or — =1+ )
2.9 M,

Dividing equation (i) by equation (ii), we get
29 I# (6,"1143}
28 1+(5/Mp)

5 6
or 2.9(1+—) = 2A8(1+—)

MB MB

14.5 16.8 23 1
or 2.9 M, =28+ M, or M, =0.1 or Mg=23g mol

(if) Putting the value of Mp in equation (i), we get
L O
28 T3 3
s 29
or Pa= = x 2.8 =3.53kPa

A 5% solution (by mass) of cane sugar in water has a freezing point of 271 K. Calculate the freezing
point of a 5% glucose in water if the freezing point of pure water is 273.15 K.
Let the mass of solution = 100 g

Mass of the cane sugar=5g

Mass of solvent, water=100g-5g=95¢

AT, =273.15K-271K=215K

KIxWBXIOOD AT},XMBXW;
A= %W = K= 7000
EX A Bx
 2.15x342%95

_ -1
K;= 521000 =13.97 K kg mol

For 5% solution of glucose in water
KXWy X 1000 13 99 5% 1000
M, X W, 180 x 95
AT;=4.08K
Freezing point of glucose solution, T;= AT‘} ~AT;=273.15K-4.08 K=269.07 K

Two elements A and B form compounds having molecular formula AB, and AB,. When dissolved in 20 g
of benzene (CgHy). 1 g of AB, lowers the freezing point by 2.3 K whereas 1.0 g of AB, lowers it by 1.3 K.
The molal depression constant for benzene is 5.1 K kg mol ™. Calculate atomic masses of A and B.

We know,

AT =

. KXW, %1000
ATIXWA
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Ans.

Ans.

_ 5.1%1%1000 _ =
MABZ- Taaxon = 110.87 g mol
5 5.1X1X1000 -
Similarly, Myp, = T13x%20 - 196.15 g mol
Suppose atomic masses of A and B are ‘¢’ and ‘b’ respectively. Then
Molar mass of ABy=a+2b=110.87g mol™ (D)
Molar mass of AB, = a + 4b = 196.15 g mol™ (i)

Subtracting equation () from equation (if), we get

2b=85280rb=42.64
Substituting the value of b in equation (i), we get

a+2x42.64=110.87 or a=25.59
Thus, Atomic mass of A =25.59 u

Atomic mass of B = 42.64 u

At 300 K, 36 g of glucose present in a litre of its solution has an osmotic pressure of 4.98 bar. If the
osmotic pressure of the solution is 1.52 bar at the same temperature, what would be its concentration?
Osmotic pressure, 1 = CRT
First case:

36
Number of moles of glucose, CgH,,04 = 7g4 =0.2 mol
180 g mol
. . 0.2 mol a
Molar concentration of solution, C = iE " 0.2 mol L'
2 498 bar=0.2mol L™ x R x 300 K )
Second case:
1.52=Cx Rx 300K (i)
Dividing equation (ii) by equation (i), we get
1.52 bar _ CXR=x300K
498bar  g2mol L' X RX300K
0305 —C5
0.2 mol I
or C=0.0610 mol 1.

Suggest the most important type of intermolecular interaction in the following pairs:
(i) n-hexane and n-octane (i) I, and CCly (iii) NaClO, and water (iv) methanol and acetone
(v) acetonitrile (CH,CN) and acetone (C;H0).
(i) Dispersion or London forces as both are non-polar.
(ii) Dispersion or London forces as both are non-polar.
(iif) lon—dipole interactions as sodium chlorate gives Na* and C10,” ions and water is a polar molecule.
(iv) Dipole—dipole interactions as both are polar molecules.
(v) Dipole—dipole interactions as both are polar molecules.
Based on solute-solvent interactions, arrange the following in order of increasing solubility in
n-octane and explain.
Cyclohexane, KCl, CH,0H, CH,CN
(i) Cyclohexane and n-octane both are non-polar. Hence, they will mix completely in all proportions.
(i) KCl is an ionic compound whereas n-octane is non-polar. Hence, KCl will not dissolve at all in
n-octane.
(iff) CH4;OH and CH,CN both are polar but CH,CN is less polar than CH,OH. As n-octane is non-polar,
CH;CN will dissolve more than CH3OH in n-octane.
Therefore, the order of solubility in a-octane will be KCI < CH;0H < CH,CN < Cyclohexane.
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Q. 26.

Ans.

Q.27.

Ans.

Ans.

Q. 29.

Ans.

o = o e o o o e e = e e = = = = —— —— — — — —

Amongst the following compounds, identify which are insoluble, partially soluble and highly soluble
in water: (i) phenol, (i) toluene, (iii) formic acid, (iv) ethylene glycol, (v) chloroform, (v/) pentanol.

(i) Partially soluble as it has non-polar C¢Hs group and polar —OH group which can form hydrogen

bond with water.

(i) Insoluble as toluene is non-polar while water is polar.

(iii) Highly soluble as formic acid can form hydrogen bonds with water.

(iv) Highly soluble as ethylene glycol can form hydrogen bonds with water.

(v) Insoluble as chloroform despite its polarity, cannot form hydrogen bonds with water.

(vi) Partially soluble as —OH group is polar but the bulky CsH,, part is non-polar.
If the density of some lake water is 1.25 g mI.™ and contains 92 g of Na* ions per kg of water, calculate
the molality of Na* ions in the lake.

92
Number of moles of Na™ ion = 7&31 =4 mol
3 gmol™

Number of moles of Na* ions

Molality of Na* ions = :
Mass of water in kg

= gl =4rnolkg" =4m
1kg
If the solubility product of CuS is 6 x 107, caleulate the maximum molarity of CuS in aqueous
solution.
Maximum molarity of CuS in aqueous solution = Solubility of CuS in mol =
If § is the solubility of CuS in mol L™ then
Cus == Cuv™ + §*

§ s
K, =[Cu™][§87]=§x5=§"
=6x107®
ot §=+/6x10"% =2.45 x 10 mol L™!

Maximum molarity of CuS in aqueous solution = 2.45 x 10* mol L™

Calculate the mass percentage of aspirin (CyHzO,) in acetonitrile (CH;CN) when 6.5 g of C,HgO, is
dissolved in 450 g of CH,CN.

Mass of solution=65g +450 g=4565¢g

Mass % of aspirin = Mongat sspin * 100 6.5 x100 = 1.424%

Mass of solution T 4565

Nalorphene (C;yH,;NO;) similar to morphine, is used to combat withdrawal symptoms in narcotic
users. Dose of nalorphene generally given is 1.5 mg. Calculate the mass of 1.5 x 10~ m aqueous
solution required for the above dose.
1.5 x 107 m solution means that 1.5 x 107 mole of nalorphene is dissolved in 1kg of water.
Molar mass of C;oHyNO; = 19 % 12+ 21 + 14 + 48 = 311 g mol™
1.5 x 107 mole of C;gH, NOy = 1.5 107 x 311 g=0.467 g

Mass of solution = 1000 g + 0.467 g = 1000467 g

Thus, for 0.467 g of nalorphene, solution required = 1000.467 g
1000.467g

ol i o
oagT X 15%10%g=321g

Hence, for 1.5 x 107 g of nalorphene, solution required =
Calculate the amount of benzeic acid (C4H;COOH) required for preparing 250 mL of 0.15 mol i
solution in methanol.

Mass of solute/Molar mass

Molarity =
Y Volume of solution (in litres)

Mass of benzoic acid = Molarity x Volume of solution x Molar mass
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Q.33.

Volume of solution =250 mL = ﬁ L=025L
1000

Molar mass of benzoic acid, C;H;COOH =7x12+6x1+2x16=122¢ mol™

Mass of benzoic acid =0.15 mol L' x 025 L x 122 gmol' = 4.575 g

The depression in freezing point of water observed for the same amount of acetic acid, tri-chloroacetic
acid and trifluoroacetic acid increases in the order as given. Explain briefly.
The depression in freezing points are in the order:

CH,COOH < C1I,CCOOH < F,CCOOH
Fluorine, being the most electronegative, has the highest negative inductive effect. As a result of this,
triflueroacetic acid is the strongest acid while acetic acid is the weakest acid. Hence, trifluoroacetic acid
ionises to the largest extent while acetic acid ionises to the minimum extent to give ions in their solutions
in water. Greater the ions produced, greater is the depression in freezing point. Hence, the depression in
freezing point is the maximum for the trifluoroacetic acid and minimum for acetic acid.

Calculate the depression in the freezing point of water when 10 g of CH;CH,CHCICOOH is added
to 250 g of water; K, = 1.4 x 107, K, = 1.86 K kg mol™".
10g

m =8.16 x 1072 mol
Sgmo

Number of moles of CH,CH,CHCICOOH =

Ny e e saliinn.= — LR Uhe o o
Mass of solvent (in grams)

-2
= % %1000 = 0.3264 mol kg™

If @ is the degree of dissociation of CH,CH,CHCICOOH, then
CH;CH,CHCICOOH — CH,CH,CHCICOO™ + H"

Initial conc. Cmol L™ 0 0
At equilibrium C(l-o) Ca Ca
k.= % =Ca’ [Considering (1 — o) = 1 for dilute solution]

e /K, [14x107
Vo =V 03264
Calculation of van’t Hoff factor:
CH4CH,CHCICOOH —= CH,CH,CHCICOO™ + H'
Initial moles 1 0 0
Moles at equilibrium l-a a o
Total number of mole of particles after dissociation=1-a+a+a=1+a

or =0.065

. Total number of moles of particles after dissociation
f 2

Number of particles before dissociation

=l+a=1+0065=1.065

¢ +a
or, 1=

|

AT =iKym
= (1.065) (1.86) (0.3264) = 0.65 K

19.5 g of CHLFCOOH is dissolved in 500 g of water. The depression in the freezing point observed is
1.0°C. Calculate the van’t Hoff factor and dissociation constant of fluoreacetic acid.

OR
When 19.5 g of F—CH,—COOH (Molar mass=78 g mol™) is dissolved in 500 g of water, the depression
in freezing point is observed to be 1°C. Calculate the degree of dissociation of F—CH,—COOH.
(Given: K, of water = 1.86 K kg mu]'lj [CBSE 2020 (56/3/1)]
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Calculation of van’t Hoff factor (i):
19.5
Number of moles of fluoroacetic acid = 7{3_1 =0.25 mol
78 g mol
. Number of moles of fluoroacetic acid _ 0.25 mol
Molality, m = . =
Mass of water in kg 0.5kg

=0.5 mol kg™

e/
Kf Xm
Here, AT, = 1.0K; K;= 1.86 K kg mol™; m = 0.5 mol kg™
. 10K
1.86 K kg mol™ X 0.5 mol kg™
Calculation of dissociation constant, K :

FCH,COOH —= FCH,C00™ + H*

A?}:iXKme = i

= 1.0753

Initial conc. 0.5 0 0
At equilibrium 05(l-a) 05a 05 a
Total =0.5(1 + )
o 05(1+w)

= or a=i-1=10753-1=0.0753

05
_ 05at+05a 050> 05%(0.0753)°

a7 05(1-a) l-a 1-0.0753
K,=3.07x10"

Vapour pressure of water at 293 K is 17.535 mm Hg. Calculate the vapour pressure of water at
293 K when 25 g of glucose is dissolved in 450 g of water.

p5 = 17.535 mm Hg; W =25 g; W, = 450 g; Mz = 180 g mol™; M, = 18 g mol™

Substituting the values in the expression
Py P, W XM,

R A
17.535-p,  25x18 WL AP
17.535 180 X450 of 1717535 T 180
179 D J
TR0 = T7333 or p,=17.44mm Hg

Henry’s law constant for the molality of methane in benzene at 298 K is 4.27 x 10° mm Hg. Calculate
the solubility of methane in benzene at 298 K under 760 mm Hg.
Here, K,=4.27 x 10° mm Hg,
p =760 mm Hg
According to Henry’s law,  p = Ky X xcy,

r 760 mm Hg 3
Ty B R 107
s K,y 427x10° mm Hg

Mole fraction of methane in benzene, xcu, =1.78x 107

100 g of liguid A (molar mass 140 g mol™) was dissolved in 1000 g of liquid B (molar mass
180 g mol™). The vapour pressure of pure liquid B was found to be 500 torr. Calculate the vapour
pressure of pure liquid A and its vapour pressure in the solution if the total vapour pressure of the
solution is 475 torr.

100 g 3 1000 g 50

n,=——=—mol andn,=——="—mol
4 140gmol™ 7 B 180gmal™ 9
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n

_ M
5=
4 ntng
__ 57 57 _5_ 63 45 —0l14
TaT S T+50/9 T 395/63 7 395 395
: xg=1-0.114 = 0.886
Also, given P = 500 torr
According to Raoult’s law,
py=x,p,=0114%xp7 (D)
Pp = Xgpp = 0.886 x 500 = 443 torr
P=p,+pg
475=0.114 p; +443
or vh= % = 280.7 torr

Substitting this value in equation (i), we get
Py=280.7 x0.114 = 32 torr

Vapour pressures of pure acetone and chloroform at 328 K are 741.8 mm Hg and 632.8 mm Hg
respectively. Assuming that they form ideal solution over the entire range of composition, plot
Protats Pentoroform 800 P oione 8 8 function of x, ., ... the experimental data observed for different
compositions of mixture is:

100 X X, e 0 11.8 | 234 | 360 | 508 | 582 | 645 | 721
Pacetone / mm Hg 0 549 | 1101 | 2024 | 3227 | 4059 | 4541 | 5211

Pentoroform / MM Hg 6328 | 548.1 | 469.4 | 359.7 | 257.7 | 193.6 | 161.2 | 120.7

Plot this data also on the same graph paper. Indicate whether it has positive deviation or negative
deviation from the ideal solution.

700
Protal
S 600
= Y]
E
£ 500
r NS
2 400
¢
o 300
g
g 200 Qe"‘#&
100
g 01 02 03 04 05 06 0.7 08
Mole fraction of acetone (Xaceins)
Xivac 0 0.118 0.234 | 0.360 | 0.508 | 0.582 | 0.645 0.721
Pacetone / mm Hg 0 549 | 1101 | 2024 | 3227 | 4059 | 4541 | 5211
P ehtoroform / Mm Hg 632.8 548.1 469.4 359.7 257.7 193.6 161.2 120.7
Piotal 632.8 603.0 579.5 562.1 580.4 599.5 615.3 641.8

Since the plot for p,,, dips downwards, the solution shows negative deviation from the ideal behaviour.

Benzene and toluene form ideal solution over the entire range of composition. The vapour pressures
of pure benzene and toluene at 300 K are 50.71 mm Hg and 32.06 mm Hg respectively. Calculate the
mole fraction of benzene in the vapour phase if 80 g of benzene is mixed with 100 g of toluene.
Molar mass of benzene (C4Hg) =78 g mol™!

Molar mass of toluene (C;Hg) =92 g mol™

————————————————— —— —— -
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80g 1.026 mol
= L. mo
CHe g8 gmol™
100
= =1.087 mol
CH ™ 9o g mol™
e, 1.026 _ 1.02

Yot = me g Fh | 102641087 2113 T .
Ko, = 1 -0.486=0.514
Peg, = 50.71 mm Hg, p'eyy, = 32.06 mm Hg
Applying Raoult’s law
Pegi, = Yo, X P, = 0-486 x 50.71 mm Hg = 24.65 mm Hg
Peig = ooty X Pegt, = 0.514 x 32.06 mm Hg = 16.48 mm Hg
Pc.n
Mole fraction of benzene in the vapour phase = ———
PCSHS * pC?HE

2465 2465
= Za65+1648 4113~ 60

The air is a mixture of a number of gases. The major components are oxygen and nitrogen with
approximate proportion of 20% is to 79% by volume at 298 K. The water is in equilibrium with air
at a pressure of 10 atm. At 298 K, if the Henry’s law constants for oxygen and nitrogen at 298 K are
3.30 x 107 mm and 6.51 x 10" mm respectively, calculate the composition of these gases in water.

Partial pressure of oxygen, pg, = % % 10 atm = 2 atm = 2 x 760 mm Hg = 1520 mm Hg

Partial pressure of nitrogen, py, = % % 10 atm = 7.9 atm = 7.9 x 760 mm Hg = 6004 mm Hg

K (05) =330 x 107 mm, Ky (Ny) = 6.51 x 107 mm
Applying Henry’s law, Po, = Ky % xo,
Po,  1520mm

or = = =4.61 x 107%
%= Ky 3.30%10" mm
Py, = Ky x xy,
PN,  6004mm ——

% WK hdlecdlum

Determine the amount of CaCl, (i = 2.47) dissolved in 2.5 litre of water such that its osmotic pressure
is 0.75 atm at 27°C.
iXWyXRXT X My XV
s or Wpsr e
My XV IXRXT
Molar mass of CaCl,, Mz =40 +2 x355=111¢ mol™
0.75atmx111gmol™ x2.5L

2.47%0.0821 L atm K™ mol™ x 300 K

Mass of CaCl,, Wy =

=342 :
Determine the osmotic pressure of a solution prepared by dissolving 25 mg of K,50, in 2 litre of
water at 25°C, assuming that it is completely dissociated. [CBSE Delhi 2013, 2019 (56/5/2)]

K,80, dissolved =25 mg=0.025 ¢

Volume of solution =2 L, T=25°C =298 K

Molar mass of K,$0,=2x39+32+4x 16= 174 g mol™

Since K,S0, dissociates completely as K,$0, —» 2K* + SO,
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Number of moles of particles after dissociation _ 3
1

Number of moles of particles before dissociation

=3

Applying van't Hoff equation,
iXW,XxRXT
= Ao
M,xV
3x0.025gx0.0821 Latm K™ mol™ x298 K

174 gmol ' x2L

=5.27x 107 atm

Multiple Choice Questions

Choose and write the correct option(s) in the following questions.

1. Which of the following is an example of a solid solution? [CBSE Sample Paper 2022]
(a) Sea water (b) Sugar solution
(c) Smoke (d) 22 carat gold

2. One kilogram of sea water sample contains 6 mg of dissolved O,. The concentration of O, in ppm in
the sample is

(a) 0.06 (b) 60 (c) 6 () 0.6
3. An azeotropic mixture of two liquids has a boiling point higher than either of the two liguids when
it [CBSE 2023(56/3/3)]

(a) shows large negative deviation from Raoult’s law.
(b) shows no deviation from Raoult’s law.
(¢) shows large positive deviation from Raoult’s law.
(d) obeys Raoult’s law.

4. 50 mL of an aqueous solution of glucose CgH,,04 (Molar mass : 180 g/mol) contains 6.02 x 10%
molecules. The concentration of the solution will be [CBSE 2020 (56/2/1)]
(@) 0.1 M () 02M (c) 1.0M (@) 20M

5. On dissolving sugar in water at room temperature solution feels cool to touch. Under which of the
following cases dissolution of sugar will be most rapid? [NCERT Exemplar]
(a) Sugar crystals in cold water (b) Sugar crystals in hot water
(c) Powdered sugar in cold water (d) Powdered sugar in hot water

6. Solubility of gases in liquids decreases with rise in temperature because dissolution is an

[CBSE Sample Paper 2022]

(a) endothermic and reversible process. (b) exothermic and reversible process.
() endothermic and irreversible process. (d) exothermic and irreversible process.

7. Which of the following factor(s) affect the solubility of a gaseous solute in the fixed volume of liquid
solvent? [NCERT Exemplar]
(i) nature and solute (ii) temperature (iii) pressure
(a) (i) and (iii) at constant T (b) (i) and (i) at constant P
(¢) (i) and (iif) only (d) (iii) only

8. Value of Henry’s constant Ky [CBSE 2023 (56/2/1) ]

(a) increases with decrease in temperature.
(b) decreases with increase in temperature.
(¢) increases with increase in temperature.
(d) remains constant.

o = o e o o o e e = e e = = = = —— —— — — — —
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10.

11.

12.

13.

14.

i £

16.

17.

(a) it gains water due to 0smosis.

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

[CBSE 2023 (56/1/1)]
(a) high atmospheric pressure. (b) low temperature.
(c) low atmospheric pressure. (d) both low temperature and high atmospheric pressure.
Which one of the following pairs will not form an ideal solution? [CBSE 2023 (56/3/3)]
(a) Benzene and Toluene (k) Nitric acid and Water
(¢) Hexane and Heptane (d) Ethyl chloride and Ethyl bromide
Considering the formation, breaking and strength of hydrogen bond, predict which of the following
mixtures will show a positive deviation from Raoult’s law? [NCERT Exemplar]
(a) Methanol and acetone (b) Chloroform and acetone
(¢) Nitric acid and water (d) Phenol and aniline

Intermolecular forces between two benzene molecules are nearly of same strength as those between
two toluene molecules. For a mixture of benzene and toluene, which of the following is not true?
(a) A, H=zero () A, V=zero
(¢) These will form minimum boiling azeotrope. (d) These will form an ideal solution.
When 1 mole of benzene is mixed with 1 mole of toluene, the vapour will contain
(Given: vapour pressure of benzene = 12.8 kPa and vapour pressure of toluene = 3.85 kPa).
[CBSE Sample Paper 2021]
(a) equal amount of benzene and toluene as it forms an ideal solution.
(b) unequal amount of benzene and toluene as it forms a non ideal solution.
(c) higher percentage of benzene.
(d) higher percentage of toluene.

In the following diagram point, ‘X* represents [CBSE 2022 (56/3/4)]

Temperature —

(a) boiling point of solution (b) freezing point of solvent
(¢) boiling point of solvent (d) freezing point of solution

An unripe mango placed in a concentrated salt solufion to prepare pickle, shrivels because
[NCERT Exemplar]

(b) it loses water due to reverse 0Smosis.

(¢) it gains water due to reverse 0Smosis.

(d) it loses water due to 0smosis.

In which of the following cases blood cells will shrink? [CBSE Sample Paper 2022]
(a) when placed in water containing more than 0.9% (mass /volume) NaCl solution.

(b) when placed in water containing less than 0.9% (mass /volume) NaCl solution.

(¢) when placed in water containing 0.9% (mass/volume) NaCl solution.

(d) when placed in distilled water.

The colligative property used for the determination of molar mass of polymers and proteins is
[CBSE 2023 (56/1/1)]

(a) osmotic pressure. (b) depression in freezing point.

(¢) relative lowering in vapour pressure. (d) elevation is boiling point.
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19.

20.

21.

22.

23.

24.

25.

26.

‘Which of the following statements is false? [NCERT Exemplar]
(a) Units of atmospheric pressure and osmotic pressure are the same.

(b) In reverse osmosis, solvent molecules move through a semipermeable membrane from a region of
lower concentration of solute to a region of higher concentration.

(¢) The value of molal depression constant depends on nature of solvent.

(d) Relative lowering of vapour pressure, is a dimensionless quantity.

The values of Van’t Hoff factors for KCl, NaCl and K,S0, respectively, are 5

[NCERT Exemplar]

(a)2,2and 2 (b)2,2and 3 (¢) 1,1and 2 (d) 1,1and 1

The boiling point of a 0.2 m solution of a non-electrolyte in water is (K for water = 0.52 K kg mol™)
[CBSE 2022 (56/3/4)]

(a) 100°C (b) 100.52° C (c) 100.104° C (d) 100.26° C

Which of the following aqueous solution will have highest boiling point? [CBSE 2023 (56/5/2)]
(@) L.OMKCl (b) 1L.OM K,S0,

(¢) 2.0 M KCl (d) 2.0 M K,S0,

How much ethyl alcohol must be added to 1 litre of water so that the solution will freeze at -14°C?
(Kf for water = 1.86°C/mol) [CBSE Sample Paper 2022]
(a) 7.5 mol (b) 8.5 mol (¢) 9.5 mol (d) 10.5 mol

Molal elevation constant is calculated from the enthalpy of vapourisation (A,.aPH) and boiling point
of the pure solvent (T) using the relation

M RT? 1000 RT; A H 1000 M, T
o (b) K,= @ K= —— ) K=o
1 Avaph' MAA\-apH 1000 MARTD vapH

(@) K=

Which of the following statements is false? [NCERT Exemplar]

(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 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, > KCl > CH;COOH > sucrose.

(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.

On mixing 20 mL of acetone with 30 mL of chloroform, the total volume of the solution is

[CBSE 2022 (56/3/4) ]

(a) <50 mL () =50mL (¢) » 50 mL (d) =10 mL

‘Which of the following analogies is correct?

(a) Gaseous solution : Camphor in nitrogen gas :: Solid solutions : Copper dissolved in Gold

(b) Molarity : Moles/litre :: Molality : Grams/litre

(¢) Ideal solution : AH;, = 0 :: Negative deviation : AH_;, >0

(d) Minimum boiling azeotrope : Ethanol and water mixture :: Maximum boiling azeotrope : Acetone and
CS, mixture

27. A compound undergoes complete dimerization in a given organic solvent. The Van’t Hoff factor ‘i*
is [CBSE 2023(54/4/2)]
(a) 2.0 (&) 0.5 (c) 0.25 (@) 1.0
Answers

1. (d) 2.(c) 3.(a) 4.(d) 5. 6.(b) 7.(0) 8.(0) 9.(c) 10. (k)
11. (@) 12.(c) 13.(c) 14. (1) 15.(d) 16. (a) 17. (@) 18. (k) 19.(b) 20. (d)
21. (c) 22. (a) 23. (a) 24.(a) 25.(a) 26. (a) 27.(b)
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Assertion-Reason Questions

In the following questions, two statements are given—one labeled Assertion (A) and the other labeled
Reason (R). Select the correct answer to these questions from the codes (a), (b), (c) and (d) as given below:

(@)

(&)

10.

11.

1z

13.

14.

Both Assertion (A) and Reason (R) are correct statements, and Reason (R) is the correct explanation of
the Assertion (A).

Both Assertion (A) and Reason (R) are correct statements, but Reason (R) is not the correct explanation
of the Assertion (A).

Assertion (A) is correct, but Reason (R) is incorrect statement.

Assertion (A) is incorrect, but Reason (R) is correct statement.

Assertion (A4) :
Reason (R) :
Assertion (A) :
Reason (R) :
Assertion (A) :
Reason (R) :

Assertion (4) :
Reason (R) :

Assertion (A) :
Reason (R) :

Assertion (4) :
Reason (R) :

Assertion (4) :
Reason (R) :

Assertion (4) :
Reason (R) :

Assertion (4) :
Reason (R) :

Assertion (A) :
Reason (R) :
Assertion (A) :

Reason (R) :
Assertion (4) :

Reason (R) :
Assertion (4) :

Reason (R) :
Assertion (A) :
Reason (R) :

Molarity of a solution changes with temperature.
Molarity is a colligative property. [CBSE Sample Paper 2022]
The solubility of a gas in a liquid increases with increase of pressure.
The solubility of a gas in a liquid is directly proportional to the pressure of the gas.
Aquatic species are more comfortable in cold water rather than in warm water.
Different gases have different Kj; values at the same temperature.

[CBSE Sample Paper 2021]
Nitric acid and water form maximum boiling azeotrope.
Azeotropes are binary mixture shaving the same composition in liquid and vapour phase.

[CBSE Sample Paper 2021]
Non-ideal solutions form azeotropic mixture.
Maximum boiling azeotropes are formed by a solution showing negative deviation.

[CBSE 2020 (56/3/3)]
An ideal solution obeys Henry’s law.
In an ideal solution, solute-solute as well as solvent-solvent interactions are similar to
solute-solvent interaction. [CBSE 2020 (56/5/3)]
A raw mango placed in a saline solution loses water and shrivel into pickle.
Through the process of reverse osmosis, raw mango shrivel into pickle.
[CBSE 2022 (56/3/4) ]

The vapour pressure of a liquid decreases if some non-volatile solute is dissolved in it.
The relative lowering of vapour pressure of a solution containing a non-volatile solute is
equal to the mole fraction of the solute in the solution.
When glucose is added to water, an elevation in boiling point is observed.

The lowering of vapour pressure causes elevation in the boiling point.

[CBSE 2023 (56/4/2)]
When NaCl is added to water a depression in freezing point is observed.
The lowering of vapour pressure of a solution causes depression in the freezing point.
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.
Diffusion of solvent occurs from a region of high concentration solution to a region of
low concentration solution.
Osmotic pressure is a colligative property.
Osmotic pressure is directly proportional to molarity. [CBSE 2020 (56/3/1)]
Molecular mass of polymers cannot be calculated using boiling point or freezing point
method.
Polymers solutions do not possess a constant boiling point or freezing point.
Cryoscopic constant depends on nature of solvent.
Cryoscopic constant is a universal constant. [CBSE Sample Paper 2022]
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Answers
1. (¢) 2.(a) 3.(b) 4.(b) 5.(b) 6. (d) 7.(c) 8.(b) 9. (a) 10. (a)
11.(¢) 1. 13 14.(0)

Passage-based/Case-based/
Source-based Questions

Read the given passages and answer the questions that follow.

PASSAGE-1

The spontaneous flow of the solvent through a semipermeable membrane from a pure solvent to a solution or
from a dilute solution to a concentrated solution is called osmosis. The phenomenon of osmosis can be demonstrated
by taking two eggs of the same size. In an egg, the membrane below the shell and around the egg material is semi-
permeable. The outer hard shell can be removed by putting the egg in dilute hydrochloric acid. After removing the
hard shell, one egg is placed in distilled water and the other in a saturated salt solution. Afier some time, the egg
placed in distilled water swells-up while the egg placed in salt solution shrinks.

The external pressure applied to stop the osmosis is termed as osmotic pressure (a Colligative property). Reverse
osmosis takes place when the applied external pressure becomes larger than the osmotic pressure.

1. What are isotonic solutions?

2. Name one SPM which can be used in the process of reverse osmosis.

3. What do you expect to happen when red blood corpuscles (RBC’s) are placed in 0.5% NaCl solution?
OR

Which one of the following will have higher osmotic pressure in 1 M KCl or 1 M urea solution?

Answers

1. Solutions having equal osmotic pressure are called isotonic solutions.
2. Cellulose acetate placed on a suitable support.
3. RBC’s are isotonic with 0.9% NaCl solution, so they will swell and may even burst when placed in 0.5%
NaCl solution.
OR
1 M KCl will have higher osmotic pressure because its dissociates to give K* and CI” ions while urea does
not dissociate into ions in the solution.

PASSAGE-2

A solution which obeys Raoult’s law strictly is called an ideal solution, while a solution which shows deviations
from Raoult’s law is called a non-ideal solution or real solution. Suppose the molecules of the solvent and solute are
represented by A and B respectively, and let ¥, 5, ¥4 and v are the attractive forces between A—B, A—A and B—B
respectively. An ideal solution of the components A and B is defined as the solution in which the intermolecular
interactions between the components A—B are of the same magnitude as the intermolecular interactions found in
the pure components A—A and B—8. Similarly,a non- ideal solution of the components A and B is defined as the
solution in which the intermolecular interactions between the components A—B are of the different magnitude as
the intermolecular interactions found in the pure components A—A and 5—B.

1. Which type of deviation will be shown by the solution, if v,p < y,44.
2. On mixing liquid A and liquid B, volume of the resulting solution decreases, what type of deviation
from Raoult’s law is shown by?

3. Write two characteristics of non-ideal solution.
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OR
() What type of liquids form the ideal solution?
(i) Give one example of an ideal solution.

Answers
1. Solution will show positive deviation.
2. The solution will show negative deviation from Raoult’s law.
3.0 AH =0, AV, = 0.
OR
(#) Liquids that have similar structures and polarities from ideal solutions.
(ii) Benzene + Toluene
CONCEPTUAL QUESTIONS

Q.1. What type of colloid is formed when a solid is dispersed in a liquid? Give an example.

[CBSE (AI) 2017)

B Aot i formud whin o, aslid s wligpersed. in o Riqrud.

- £tanapte = Coll Pluids, paints | Gold ol . ete - ’
b P T [Topper’s Answer 2017]

Q. 2. What is the meaning of 10% glucose solution?

Ans.  10% glucose solution means 10 g of glucose dissolved in 100 g of solution.

Q. 3. Define mole fraction. [CBSE Delhi 2012]

Ans. Mole fraction of a component in a solution may be defined as the ratio of moles of that component to the
total number of moles of all the components present in the solution.

Q. 4. How does the molarity of a solution change with temperature?

Ans. Molarity decreases with increase in temperature as volume of solution increases with increase in
temperature.

Q.5. When and why is molality preferred over molarity in handling solutions in chemistry?

Ans. Molality is preferred in studies that involves changes in temperature as in some of the colligative
properties of solutions. This is because molality depends on masses of solvent which do not change
with temperature.

Q. 6. The dissolution of ammonium chloride in water is an endothermic process but still it dissolves in
water readily. Why? [HOTS]

Ans. This is because of entropy change. In this case, AS is +ve.

NH,Cl{ag) — NH4+(aq) + Cl'(aq)
The ions that were held together in crystalline solid are free and moving in all possible directions. Its
entropy has increased and this makes TAS > AH, ie., AG = —ve.

Q.7. Why are the aquatic species more comfortable in cold water in comparison to warm water?

[CBSE 2019 (56/2/3), (56/4/1)]

Ans. At a given pressure, the solubility of oxygen in water increases with decrease in temperature. Presence of
more oxygen at lower temperature makes the aquatic species more comfortable in cold water.

Q.8. What is the similarity between Raoult’s law and Henry’s law? [CBSE Delhi 2014]

Ans. The similarity between Raoult’s law and Henry’s law is that in both the laws, the partial vapour pressure of
the volatile component or gas is directly proportional to its mole fraction in the solution.

Q.9. What type of liguids form ideal solutions?

Ans.  Liquids that have similar structures and polarities form ideal solutions.

Q. 10. Write two characteristics of non-ideal solution. [CBSE 2019 (56/5/2)]

Ans. A H#0andA V#0

Q. 11. Under what condition do non-ideal solutions show negative deviations?
Ans. When the new forces of interaction between the components are stronger than those in the pure components,

then non-ideal solutions show negative deviations.

Solutions 41
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Q.12.

Ans,

Q.13.

Ans,

Q. 14.

Ans.

Q.15.

Ans.,

Q. 16.

Ans.

Q. 17.

Ans.

Q.18.

Ans.

Q.19.

Ans.

Q. 20.
Ans.

Q.21

Ans.

Q. 22.
Ans.

Q.23.

Ans.

Q.24.

Ans.

Q. 25.
Ans.

o = o e o o o e e = e e = = = = —— —— — — — —

‘What are maximum boiling azeotropes? Give one example.
Maximum boiling azeotropes are those which boil at higher temperature than boiling point of each
component in pure state, e.g., 68% nitric acid and 32% water by mass.
Why is the vapour pressure of a solution of glucose in water lower than that of water?

[NCERT Exemplar]
This is due to decrease in the escaping tendency of the water molecules from the surface of solution as some
of the surface area is occupied by non-volatile solute, glucose particles.

Identify which liquid will have a higher vapour pressure at 90°C if the boiling points of two liquids A
and B are 140°C and 180°C, respectively. [CBSE 2020 (56/1/1)]
Liquid A will have higher vapour pressure.
Define molal depression constant or cryoscopic constant.
It is the depression in freezing point when 1 mole of non-volatile solute is dissolved in 1000 g of solvent.
What do you understand by the term that K, for water is 1.86 K kg mol™?
It means that the freezing point of water is lowered by 1.86 K when 1 mole of non-volatile solute is
dissolved in 1 kg of water.
What is an antifreeze?
A substance such as ethylene glycol which is added to water to lower its freezing point is called an antifreeze.
It is named so as it delays freezing.
What is de-icing agent? How does it work?
Common salt is called de-icing agent as it lowers the freezing point of water to such an extent that it does
not freeze to form ice. Thus, it is used to clear snow from roads.
Why is glycol and water mixture used in car radiators in cold countries? [HOTS]
Ethylene glycol lowers the freezing point of water. Due to this, coolant in radiators will not freeze.
Otherwise, radiator will burst due to freezing of coolant (water).
What are isotonic solutions? [CBSE Delhi 2012, 2014]
The solutions of the same osmotic pressure at a given temperature are called isotonic solutions.
How is it that measurement of osmotic pressures is more widely used for determining molar masses
of macromolecules than the elevation in beiling point or depression in freezing point of their
solutions? [HOTS]
The osmotic pressure method has the advantage over elevation in boiling point or depression in freezing
point for determining molar masses of macromolecules because

() Osmotic pressure is measured at the room temperature and the molarity of solution is used instead of

molality.

(if) Compared to other colligative properties, its magnitude is large even for very dilute solutions.

What is the van’t Hoff factor for a compound which undergo dimerisation in an organic solvent?
2X——X,

Number of moles of particles after association 1

i= =i

Number of moles of particles before association 2

What would be the value of van’t Hoff factor for a dilute solution of K;50, in water?

In dilute solution, K,SO, — 2K* + SO;~

van’t Hoff factor, i = =3

Number of moles of particles after dissociation _ 3
Number of moles of particles before dissociation 1

Out of two 0.1 molal aqueous solutions of glucose and of potassinm chloride, which one will have a
higher boiling point and why? [CBSE (F) 2013, 2019 (56/3/2)]
0.1 m KCl solution will have higher boiling point as KC1 dissociates in the solution.

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

This is because KCl dissociates to give K™ and CI” ions while urea being a molecular solid does not
dissociate into ions in the solution.
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Q.1

Ans.

Q.2

Ans.

0.3

Ans.

Q.4.

Ans.
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Short Answer Questions-I

Each of the following questions are of 2 marks.

Explain the solubility rule “like dissolves like”” in terms of intermolecular forces that exist in solutions.
A substance (solute) dissolves in a solvent if the intermolecular interactions are similar in both the
components; for example, polar solutes dissolve in polar solvents and non polar solutes in non polar
solvents and thus we can say “like dissolves like™.
State Henry’s law. Write its one application. What is the effect of temperature on solubility of gases
in liquid? [CBSE (F) 2016]
It states that the partial pressure of a gas in vapour phase (p) is proportional to the mole fraction of the gas
(x) in the solution.
pxx or p=Kyx where K, is the Henry’s constant.

Application of Henry's law:
To increase the solubility of CO, in soft drinks and soda water, the bottle is sealed under high pressure.
Effect of temperature on solubility:
As dissolution is an exothermic process, therefore, according to Le Chatelier’s principle solubility should
decrease with rise in temperature.
Henry’s law constant (Ky) for the solution of methane in benzene at 298 K is 4.27 x10° mm Hg.
Calculate the solubility of methane in benzene at 298 K under 760 mm Hg. [CBSE (F) 2013]
Here, K,; = 4.27 x 10° mm Hg, p = 760 mm Hg
According to Henry’s law, p=K, cn,

r 760 mm Hg

By o) R
CHe Ky, 427x10°mmHg

Mole fraction of methane in benzene, Xou, = 1.78 x 107

State Raoult’s law for the solution containing volatile components. What is the similarity between
Raoult’s law and Henry’s law? [CBSE Delhi 2014; 2020 (56/5/1)]
It states that for a solution of volatile liquids, the partial vapour pressure of each component in the solution is
directly proportional to its mole fraction. According to Raoult’s law, for a volatile component, A of the
solution P, &« x or P, = Pﬂx 4> Where Pj is the vapour pressure of pure component A.

If one of the component is so volatile that it exist as a gas then according to Henry’s law p = Kx, where
K, is the Henry law constant i.e., the partial vapour pressure of the volatile component (gas) is directly
proportional to its mole fraction in the solution.

Thus the similarity between Raoult’s law and Henry’s law is that in both the laws, the partial vapour
pressure of the volatile component or gas is directly proportional to its mole fraction in the solution.

State Raoult’s law for the solution containing volatile components. Write two differences between an
ideal solution and a non-ideal solution. [CBSE Panchkula 2015]

Raoult’s law states that for a solution of volatile liquids the partial vapour pressure of each component is
directly proportional to its mole fraction.

Differences between Ideal and non-Ideal solutions

@ Obeys Raoult’s law over entire range of Does not obey Raoult’s law over entire range of
concentration Le., Py = P x4 Pp=Pyxg concentration, i.e., Py # P9 xy Pp# Pyxg
(i) |ApH=0:A, V=0 A H20; A V20
(iif) | Does not form azeotrope. Forms azeotrope.
(Any two)
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Q.6.

Ans.

Q.7.

Ans.

Q.8.

Ans.

Q.9.

Ans.

Q. 10.

Ans.

Q.11

Ans.

Q.12
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Write two differences between a solution showing positive deviation and a solution showing negative
deviation from Raoult’s law. [CBSE East 2016]

{#) By > Pax,and Py = Prvg (D) Py<Prix,and Py < Pgxp

(i) Ay H> 0, Ay V>0 (i) Apie H< 0, Ay V< 0

(iif) Form minimum boiling azeotropes. (iif) Form maximum boiling azeotropes.

(Any two)
State Raoult’s law for a solution containing non-volatile solute. What type of deviation from Raoult’s
law is shown by a solution of chloroform and acetone and why? [CBSE (F) 2017]
It states that the relative lowering of vapour pressure is equal to mole fraction of solute when solvent alone
is volatile and is expressed as
P4 Prow L
P
A solution of chloroform and acetone shows negative deviation from Raoult’s law. This is because
chloroform molecule is able to form H-bond with acetone molecule as shown below.

CH Cl
3>C:O HHCQCI
CH, Cl

It decreases the escaping tendency of molecules of each component from the surface of solution and
consequently the vapour pressure decreases resulting in negative deviation from Raoult’s law.
() Why is an increase in temperature ohserved on mixing chloroform and acetone? [CBSE 2019 (56/2/3)]
(i) Why does sodium chloride solution freeze at a lower temperature than water?
[CBSE (F) 2013]
(7)) The bonds between chloroform molecules and molecules of acetone are dipole-dipole interactions
but on mixing, the chloroform and acetone molecules, they start forming hydrogen bonds which are
stronger bonds resulting in the release of energy. This gives rise to an increase in temperature.

g

(ii) When a non-volatile solute is dissolved in a solvent, the vapour pressure decreases. As a result, the
solvent freezes at a lower temperature.

Define azeotropes. What type of azeotrope is formed by negative deviation from Raoult’s law? Give
an example. [CBSE 2023 (56/4/2)] [CBSE Delhi 2015)
Azeotropes are binary liquid mixtures having the same composition in liquid and vapour phase and boil at
a constant lemperature.
Maximum boiling azeotrope is formed by negative deviation from Raoult’s law. A mixture of 68% nitric
acid and 32% water by mass is an example of maximum boiling azeotrope.
What type of deviation from Raoult’s law is shown by a mixture of ethanol and acetone? Give
reason. [CBSE 2023 (56/4/2)]
Mixture of ethanol and acetone show positive deviation from Raoult’s law. The pure ethanol molecules
have strong hydrogen-bonds between them. On adding acetone these intermolecular forces of attractions
are weakened. Hence, the ethanol molecules car easily get vapourized, and increase the vapour pressure.
What type of deviation from Raoult’s law is observed by mixing chloroform and acetone? Why
is a decrease in vapour pressure observed on mixing chloroform and acetone? [CBSE (C) 2021]
A mixture of chloroform and acetone shows negative deviation. Due to the formation of H-bond between
CHCl, and acetone, vapour pressure of the solution decreases.
(i) Gas (A) is more soluble in water than Gas (B) at the same temperature. Which one of the two
gases will have the higher value of K (Henry’s constant) and why?
(ii) In non-ideal solution, what type of deviation shows the formation of maximum boiling
azeotropes? [CBSE Central 2016]
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Ans. (i) According to Henry’s law, p = K, x, i.e., higher the value of Kj; lower is the solubility of the gas in
the liquid. Therefore, Gas B will have higher value of K, than gas A.

(if) Negative deviation from Raoult’s law.

Q. 13. The vapour pressure of pure liquid X and pure liquid Y at 25°C are 120 mm Hg and 160 mm Hg
respectively. If equal moles of X and Y are mixed to form an ideal solution, calculate the vapour

pressure of the solution. [CBSE 2023 (56/2/1)]
Ans. Moles of X(n) = Moles of ¥(n)
Letn,=n,=n
. i n n
Mole fraction of X, X, = = =5=05

n1+ny n+n 2n

Mole fractionof of ¥, x, =1-X, =1-05=0.5

Here, P0= 120 mmHg P%= 160 mmHg, X, = 0.5, X, = 0.5
Substituting the values in the expression, P7X_+ P;’Xy , we get
P =120 mmHg x 0.5 + 160 mmHg x 0.5 = 60 mmHg + 80 mmHg
P =140 mmHg

Q. 14. A glucose solution which beils at 101.04°C at 1 atm. What will be relative lowering of vapour pressure
of an aqueous solution of urea which is equimolal to given glucose solution?

(Given: K, for water is 0.52 K kg mol™) [CBSE Sample Paper 2021]
Ans. AT, =101.04°C - 100.0°C=1.04°Cor .04 K
AT
ATy=K, . morm= ?b
1.04K

m=———————=2mol l(g" or 2 molal
0.52 K kg mol

2 molal agueous glucose (CgH;,0,) solution means that 2 mole of glucose per kilogram of water, i.e.,

1000 g of water.
1000 g
Now, fy,0= 7 = 55.5mol; ngg,,0, = 2 mol
18 g mol
egHy 06 2 mol

s = =
CeH1206™ ny,q + negu,0,  55.5 mol + 2 mol

2 mol

fo,HLZG‘S: m =0.0347

According to Raoult’s law

Relative lowering of vapour pressure = Mole fraction of solute

As the aqueous solutions of glucose and urea are equimolar and relative lowering vapour pressure
is a colligative property.

Therefore relative lowering of vapour pressure of aqueous solution of urea = 0.0347 atm.

Q. 15. When 1.5 g of a non-volatile solute was dissolved in 90 g of benzene, the boiling point of benzene
raised from 353.23 K to 353.93 K. Calculate the molar mass of the solute.

(K} for benzene = 2.52 K kg mol'l) [CBSE Chennai 2015)
Ans. AT,=35393K-35323K=07K

Substituting Wy =15g, W, =90g, AT, =07 K, Ky =252 K kg mol™ in the expression
- K, ::fixp;ooo
b 4
2.52 X1.5x1000
0.7%90
Mg =60 g mol™

, we get

My=
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Q. 16.

Ans.

Q. 17.

Ans.

Calculate the freezing point of a solution containing 60 g of glucose (Molar mass = 180 g mol'lj in
250 g of water. {Kf of water = 1.86 K kg mol™) [CBSE Delhi 2018]

94 “Mass of gieme 5 W = 6oy
Malan mass ef  glucoas , My = 180 g et
WA Mass  af wader 5 W) = 2504
St Kp =196 Kkgma'

Mololity of fhe acbulen ., m = Wy x oo

My = L,

., S
I . “fﬁg-ul"‘:z,‘i"'f
‘ = 1’.}5’5}na|.h3"
Eephidsaidn  m Pu‘.zin? poik , ATp= mpnmm
ATg = 186 KRgmal xiBIrmi Ky
f /;‘rj; - 2.a4K
Alp = 248K
| S Ty Tyt a2 48K
i 215 15K=-Tp = orttuc 2. 4K B
x, Tp 5 27005 K - etk & A%
= —TTpr Setebik 270.67TK S *Y-
— _(erea. = s
- Tps —aatae -2 adk
O Thaa ﬁmz.h? Jpaivd nf_/",.uu_ anfubiom  Ln 170 6T8K ar
-2 4847 c i o [Topper’s Answer 2018]

For a 5% solution of urea (Molar mass = 60 g/mol), calculate the osmotic pressure at 300 K.
[R = 0.0821 K atm J™* mol™] [CBSE 2020 (56/1/1)]

: WxRxT
Osmotic pressure, T = ————
MxV

W=5g, R=00821L atm K™ mol™, V:% =0.1 litre, M = 60 g/mol, T = 300 K

e 5x0.0821x300
60x0.1

= 12’215 = 20.525 atm
Visha took two aqueous solution—one containing 7.5 g of urea (Molar mass = 60 g/mol) and the
other containing 42.75 g of substance Z in 100 g of water, respectively. It was observed that both the

solutions froze at the same temperature. Calculate the molar mass of Z. [CBSE 2020 (56/1/1)]

Ans. AT (urea) = AT(Z) Vs

wurea 1000wz 1000
Murea wsolvent ~ ~/ Mz W solvent
7.5_1000 4275 1000

60 100 T Mz 100

42.75 =60
e SR g/mol (or by any other correct method)

7.50
(% mark may be deducted for no or incorrect unit) 1
[CBSE Marking Scheme 2020 (56/1/1)]

Kpx V2
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Q.19.

Ans.

Q. 20.

Ans.

Q.21

Ans.

Q. 22.

Define the term osmotic pressure. Describe how the molecular mass of a substance can be determined
by a method based on measurement of osmotic pressure. [CBSE Delhi 2012)
Osmotic pressure () is defined as the extra pressure that must be applied to the solution side in order to
prevent the flow of solvent molecules into it through a semipermeable membrane.
According to van’t Hoff equation

Mg

= ?RT

where 7 is the osmotic pressure, R is the gas constant and V is the volume of solution in litres containing
ng moles of the solute.

If Wy grams of the solute of molar mass, M is present in the solution, then

ng = VB and we can write

B

Wy X RXT Wy X RXT
RziMBXV or MB=7,{><V

Thus, knowing W, T, m and V, the molecular mass of the solute, Mg can be calculated.
(i) Write the colligative property which is used to find the molecular mass of macromelecules.

(ii) In non-ideal solution, what type of deviation shows the formation of minimum boiling
azeotropes? [CBSE (North Region) 2016]

[Topper’s Answer 2016]

Give reasons: [CBSE 2019 (56/2/1)]

() Cooking is faster in pressure cooker than in cooking pan.

(ii) Red Blood Cells (RBC) shrink when placed in saline water but swell in distilled water.

(7) The use of pressure cooker reduces cooking time because the weight over the lid does not allow the
steam to go out. As a result, pressure inside the cooker becomes high. Higher the pressure, higher is
the boiling point and faster is the cooking.

(if) As the concentration of saline solution is higher than the concentration inside the cell. Thus water
will move outside the cytoplasm and the cell will shrink while, distilled water is hypotonic, when
RBCs are placed in distilled water, water will enter the cell through simple diffusion and lead to cell
swelling.

On mixing liguid X and liguid 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 you observe after mixing liquids X and Y?

(i) What happens when we place the blood cell in water (hypotonic solution)? Give reason.
[CBSE Allahabad 2015)

(i

=
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Ans. (i) e The solution will show negative deviation from Raoult’s law.
@ Temperature will rise.
(i) Due to osmosis water enters into the cell and blood cell will swell.
Q. 23. Define the following terms:
(1) Abnormal melar mass (i) van’t Hoff factor (i) [CBSE Delhi 2017]
Ans. (i) When the molar mass of a substance determined by using any of the colligative properties comes out to be
different than the theoretically expected molar mass, the substance said to show abnormal molar mass.
(i) van’t Hoff factor (i) gives the extent of association or dissociation of the solute particles in the solution.
It may be defined as the ratio of observed colligative property to calculated colligative property.
Observed colligative property
[ e
Calculated colligative property

Q. 24. Will the elevation in boiling point be same if 0.1 mol of sodium chloride or 0.1 mol of sugar is dissolved
in 1 L of water? Explain. [CBSE Sample Paper 2016] [HOTS]
Ans. No, the elevation in boiling point is not the same. NaCl, being an electrolyte, dissociates almost completely
to give Na” and CI” ions whereas glucose, being non-electrolyte does not dissociate. Hence, the number of
particles in 0.1 M NaCl solution is nearly double than 0.1 M glucose solution. Elevation in boiling point
being a colligative property, is therefore, nearly twice for 0.1 M NaCl solution than for 0.1 M glucose
solution.

Q. 25, Predict the state of the solute in the solution in the following situations:
(/) When i’ is found to be 0.3. (ii) When *’ is found to be 4. [CBSE 2020 (56/2/2)]

Ans. (i) Associated (i) Dissociated 1+1
[CBSE Marking Scheme 2020 (56/2/2)]

Short Answer Questions-I|

Each of the following guestions are of 3 marks.
Q. 1. () Differentiate between Ideal solution and Non-ideal solution.
(i) 30 g of urea is dissolved in 846 g of water. Calculate the vapour pressure of water for this

solution if vapour pressure of pure water at 298 K is 23.8 mm Hg. [CBSE 2023 (56/1/1)]
Ans. (i) Differences between Ideal and non-Ideal solutions:
(i) |Obeys Raoult’s law over entire range of | Does not obey Raoult’s law over entire range of
concentration i.e., Py =P x,; Pg= Py xp concentration, i.e., Py = P x; Py & Phxg
) | A H=0;A,, V=0 A H#=OALVEQ
(iif) | Does not form azeotrope. Forms azeotrope.
(Any two)

(if) Wy=30g, W, =846 g, My = 80 g mol™', M, = 18g mol™!, P¢ = 23.8 mmHg
Substituting the values in the expression
PS-P  W,OM,

P: = W » We get
23.8 mmHg P 30gx18gmol™
238mmHg  ~ G0gmol ' x846g 94
23.8 mmHg
23.8 mmHg - P = ——(;—— =0.25 mmHg
P =23.80 mmHg — 0.25 mmHg = 23.55 mmHg
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Ans,

Ans.

Ans.
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Calculate the boiling point of solution when 2 g of Na,SO, (M =142¢g mo]'l) was dissolved in 50 g of
water, assuming Na,SO, undergoes complete ionisation.

(Kj for water = 0.52 K kg mnl'l)

S MNa £0 Larn? o2 3

[CBSE North 2016]

(z o gt o Ol -
WY, ST e
i S b =t
B P TR N
Y| T b Sl R %«;1 y b B R SRS e
s Ui b St e, B
| n Ay B o 8 T L P

A Qr4bK

[Topper’s Answer 2016]

A solution of glucose (Molar mass = 180 g mol™) in water has a boiling point of 100.20°C. Calculate
the freezing point of the same solution. Molal constants for water K;and K}, are 1.86 K kg mol™ and
0.512 K kg mol™ respectively. [CBSE (F) 2017]
AT, = 100.20°C - 100°C =0.20°C or 0.20 K
AT, =K,.m = m=AT, /K,
_ 020K
0.512 K kg mol™
AT =Ky m,
AT,=1.86 K kg mol™ x 0.39 mol kg™ = 0.725 K
_ 70
= T-Aly
=273.15K-0.725K
=272425K
When 19.5 g of F—CH,—COOH (Molar mass = 78 g mol™), is dissolved in 500 g of water, the

depression in freezing point is observed to be 1°C. Calculate the degree of dissociation of
F—CH,—COOH.

[Given: Kf for water = 1.86 K kg mu]'l]

or m = 0.39 mol kg™!

[CBSE 2023 (56/2/1)]
Mass of F—CHZ—COOH

Molar mass
Moles of F—CHZ—COOH

Mass of solvent, water (in kg)
_ 0.25 mol
T 500g
Az,

KIDm

Moles of F—CH,—COOH =

Molality, m =

x1000 g kg™ =0.5 mol kg™
A‘!}: ixi(}xmori:

Substituting the values, AT;= 1°C or 1K, K,=1.86 K kg mol™, m = 0.5 mol kg™ in above expression,
we get
e 1K
1.86 K kg mol™ % 0.5 mol kg™

=1.0753
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Q.5.

Ans.

Q.6.

Ans.
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If o represents the degree of dissociation of F—CH,—COOH then we would have 0.5 (I — a) mole of
F—CH,—COOH left in undissociated, 0.5 x mole of F—CH,—COO™ and 0.5 x mole of H ions at
equilibrium.

F—CH,—COOH —— F—CH,—C00~ + H”
Inital conc. 0.5 0 0
Atequilibrium  0.5(1-a) 0.5a 0.5a
Thus, total number of moles of particles at equilibrium = 0.5 — 0.5a + 0.5 + 0.500 = 0.5(1 + o)

Total number of moles of particles after dissociation
Number of moles of particles before dissociation

o 05(1+a) L
i= 05 =l+a =

=

a=i-1
ora=1.0753-1=0.0753 or . = 7.53%
A 0.01 m aqueous solution of AICI, freezes at -0.068 °C. Calculate the percentage of dissociation.

[Given: IifJr for water = 1.86 K kg mo]'l] [CBSE 2020 (56/5/1)]
- 0:0¢8 hf cidf, omzoel o Lx] - | feeg
f ;. 20
e e Sf : % S —'-%gm,,.._.- o
of = ' (V/ { -
U IS L | -DM.'___A, x 08¢ x olo] SN I YL S, e
= = 1.0 i \ﬁ/ _—_%‘r?g
b = bfpyy s BB L ) 558
T 7 (i G
S = R e i _oF = _»7 —TL ]
oo Now g \ b 15T
Ard; == po?t + 2L —
[ PO > > R O il
s =y o Y e =
— £z - ArA4dd = | By = BeED ___.T'_'.:.:J_‘k"'fi;
4.
> Aubs »
2 A= 0-8g35 /‘

__%_ﬁmﬂf_{/ Qﬁ_d.t&eumnza__ = 8&

[Topper’.s Answer 202@1

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: Molar mass of benzoic acid =122 g mal'l, Kf for benzene =4.9 K kg mol'l] [CBSE Delhi 2015]
The given quantities are
Wy=39g W,=49g AT;= 162K, My=122 g mol™ and K, = 4.9 K kg mol™"
Substituting these values in the equation,
K X Wy % 1000
Mp= ———— we get
AT)’ xW,
4.9%3.9x1000
1.62x 49
My =240.74 g mol™
Thus, observed molecular mass of benzoic acid in benzene = 240.74 g mol™

Mg=
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Ans.

Q.8.

Ans.

Normal molecular mass of benzoic acid =122 g mol™
Normal molecular mass

Observed molecular mass

122 g mol™

i=——=—— =0.507
240.74 g mol™

As i < 1, therefore, benzoic acid will undergo association in benzene.

Calculate the freezing point of a solution containing 0.5 g KC1 (Molar mass = 74.5 g/mol) dissolved in
100 g water, assuming KCl to be 92% ionized. Kf of water = 1.86 K kg/mol.
[CBSE Sample Paper 2020]

. 92 i
0—92%——100—0.92,AS(1——”_1
-092=i":>'=192

firsagt 5 -1 i :

Here, W,=0.5g, M, =745 gmol™, ¥, =100 g, K, =186Kkg mol™,i=1.92

Substituting these values in the expression,

i% K, % Wy %1000
A?f = W, we get

1.92x1.86K kg mol™ x 0.5 g x1000 g kg™
ATy = & % B ik

74.5gmol " x100 g
Ty = T - AT;=273.15K — 024 K
T, = 21291K

If benzoic acid (M. = 122 g mo]'l) is associated into a dimer when dissolved in benzene and the
osmotic pressure of a solution of 6.1 g of benzoic acid in 100 mL benzene is 6.5 atm at 27°C, then what
is the percentage association of benzoic acid?
(Given: R = 0.0821 L atm K™ mol™) [CBSE 2023 (56/4/2)]
Given,
Weight of benzene=6.1 g
Molar mass= 122 g mol™
Volume=100mL =0.1L
Osmotic pressure = 6.5 atm
Temperature = 27°C = 300 K
We know, 7= iCRT (i = Van't Hoff factor)
Putting the value of 1, C,Rand T

. (6.1/122)
6.5=i =01 * 0.0821x 300
= i=0.5278
The dimerization of CH,COOH can be represented as:
2CH,COOH —— (CH,COOH),
Att=0 ; 1 0
After association l-a %

Number of moles before association = 1

. o
Number of moles after association=1-a + 7

=1- % (where o = degree of association)
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Q.9.

Ans.

Q. 10.

Q.11

Ans.

o = o e o o o e e = e e = = = = —— —— — — — —

Number of moles after association

We know, = Number of moles before association
a
=3
0.5278 = 1
- @=09443

So, percentage association = 94.43%

At 300 K, 30 g of glucose, C4H,,0, present per litre in its solution has an osmotic pressure of 4.98 bar.
If the osmotic pressure of another glucose solution is 1.52 bar at the same temperature, calculate the

concentration of the other solution. [CBSE 2019 (56/4/2)]
Wyx RxT
= W =CRT

30 X R X300 .
498= 498= W =50R (D)
1.52=C x R x 300 = 300CR ...(if)

Dividing equation (if) by (i), we get

300CR _ 1.52 _
50R ~ 4.98 t=Mdol M

A solution containing 1.9 g per 100 mL of KCI (M = 74.5 g mol™!) is isotonic with a solution containing
3gper 100 mL of urea (M =60 g mol™). Calculate the degree of dissociation of KCl solution. Assume

that both the solutions have same temperature. [CBSE 2019 (56/2/1)]
7, (urea)= 1, (KCI) V2
C\RT = iC,RT
it £
et 1
;q VZ 1 2
1 ,x 1.9
60 ' *7as
i=1.96 Y
Degree of dissociation, o= ;ill
_196-1
T
=0.96 or 96% 1

[CBSE Marking Scheme 2019 (56/2/1)]

Given alongside is the sketch of a plant for earrying out a process.

(/) Name the process occurring Papplied > 7t [ Piston
in the given plant. il I F

(if) To which container does
the net flow of solvent take Eresh water ater
place? Container i

(iif) Name one SPM which can be
used in this plant. /1

(iv) Give one practical use of the SF[’M
plant.

(/) Reverse osmosis.

(ii) Fresh water container.
(iif) Cellulose acetate placed on a suitable support.
(iv) Desalination of sea water.
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Long Answer Questions

Each of the following questions are of 5 marks.

Q.1. (i) Define the following terms:
(a) Molarity
(b) Molal elevation constant (K;)
(i) 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 mul']} in water.
Calculate the mass of glucose present in one litre of its solution. [CBSE (AI) 2014]
Ans. (i) (a) Molarity may be defined as number of moles of solute dissolved in one litre of solution.
Moles of solute
Volume of solution (in litre)
(b) Molal elevation constant may be defined as the elevation in boiling point when one mole of solute
is dissolved in 1000 grams of the solvent.

Molarity =

. ) WpXRXT
(ii) Osmotic pressure, T = W
Osmotic pressure of urea solution = EXRET
60 %X 1
Wy XRXT
Osmotic pressure of glucose solution = T

As, Osmotic pressure of urea solution = Osmotic pressure of glucose solution

15XRXT WegXRXT
60x1  180x1
15% 180

o =45¢g

Therefore,
Mass of glucose, W=

Q.2. (i) Explain why on addition of 1 mol glucose to 1 litre water the boiling point of water increases.
(if) Henry’s law constant for CO, in water is 1.67 x 10% Pa at 298 K. Calculate the number of moles
of CO, in 500 mL of soda water when packed under 2.53 x 10° Pa at the same temperature.
[CBSE (AI) 2017]
Ans. () On addition of glucose, a non-volatile solute to water (a volatile solvent) the vapour pressure of water
decreases. In order to make the solution boil, its vapour pressure must be increased by raising the
temperature above the boiling point of pure water. In other words, there is an increase in the boiling
point of water.
Feo,
Ky

(i) According to Henry’s law, Pog, = Ky X xco, OF Xco, =

- 2.53%10° Pa
1.67x10° Pa
Mass of water = Density of water x volume of water
=1gml'x500mL=500g

Mass of water _ 500g
Molar mass 18 g mol™

=1.51x1073

Moles of water, i =

=27.78 mol

Nco, nco,

Xep, = T ———=7—— O Hgg, = X n
fale} M0 *ico, | THa0 co, ~ Xco; H20

Neg, = 1.51 % 107 x 27.78 mol = 0.042 mol



Ans.

Q.4.

Ans.

————————————————— —— —— -

(i) Define the following terms:
(a) Azeotrope
(b) Osmaotic pressure
(c) Colligative properties
(ii) 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,80,=98 g mol™) [CBSE (F) 2014]
(i) (a) The binary mixtures of liquids having same composition in liquid and vapour phase and boil at a
constant temperature are called azeotropes.
(b) The excess of pressure which must be applied to the solution side to prevent the passage of solvent
into it through a semipermeable membrane is called osmotic pressure.
(¢) The properties of solutions which depend only on the number of solute particles in the solution
but independent of their nature are called colligative properties.
(i) Let the mass of solution = 100 g
. Massof H,50, =98¢

Mass of H,80, 98¢
Number of moles of H,80, = Mol MaGsE 98g mol-! =0.1mol
Vol Fealiition. < Mass of solution 100g _ 100 L
phais Ll Density of solution ~ | g2 gml™! “1oz™

100 LK 1 1
1.02 1000 mL 1™ ~ 102

Moles of solute
Volume of solution (in L)
_ 0.1 mol
= ik

102
=1.02mol L7 or 1.2 M

Molarity =

(i) Draw the graph between vapour pressure and temperature and explain the elevation in boiling
point of a solvent in solution.
(if) Determine the osmotic pressure of a solution prepared by dissolving 25 mg of K,50, in 2 litres
of water at 25°C assuming it to be completely dissociated.
(Atomic masses K=39u,5=32u,0=16u) [CBSE 2019 (56/5/1)]

(i) When a non-volatile solute is added to a volatile Boiling point of
solvent, then the vapour pressure of the solvent in the SO[Iem &;’omon
solution becomes less than that of pure solvent. In 1AM e s
order to make this solution boil, its vapour pressure
must be increased to 1 atm by raising the temperature
above the boiling point of the pure solvent. In other
words, there is increase in the boiling point of the
solvent in the solution.

Elevation of boiling point (AT) = Boiling point of
solution (7T;) — Boiling point of solvent (Tf)

(i) K,S0,dissolved =25 mg=0.025g :
Volume of solution=2 L, T=25°C =298 K Th
Molar mass of K,50,=2x39+32+4x 16 Temperature (K)—s

=174 g mol™

Vapour pressure (atm) —

=8
Cal
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Since K,S0, dissociates completely as K,SO, —» 2K* + SO,

=3

Number of moles of particles after dissociation _ 3
Number of moles of particles before dissociation 1
Applying van't Hoff equation,
iXW, X RXT

=
M XV

3%0.025 g% 0.0821 L atm K™ mol™ x 208 K
B 174 gmol™ x2L
=527 x 107 atm

Q.5 (i) Why is the value of Van’t Hoff factor for ethanoic acid in benzene close to 0.57
(ii) Determine the osmotic pressure of a solution prepared by dissolving 2.32 x 10~%g of K,SO, in 2L
of solution at 25°C, assuming that K,S0, is completely dissociated.

(R = 0.082 L atm K" mol™, Molar mass K,SO, = 174g mol™)

(iii) When 25.6g of Sulphur was dissolved in 1000g of benzene, the freezing point lowered by 0.512
K. Calculate the formula of Sulphur (S,).

(Kf for benzene = 5.12 K kg mul'l, Atomic mass of Sulphur = 32g mn]'l) [CBSE 2023 (56/5/2)]
Ans. (i) 2CH,COOH Bame (CH,—COOH),

Molecules of ethanoic acid dimerise in benzene due to hydrogen bonding. The number of particles
reduced to nearly half of initial value due to dimerisation. Therefore value of Van't Hoff factor for
ethanoic acid in benzene is close to 0.5.

” + 5 _3
@) K,80, — 2K"+80,, z:T:3
Here Wy =2.32x 107 g, i =3, R = 0.0821 L atom K™ mol™, T = 208 K My = 174 g mol™, V= 2L.
. ) ) iOW, CROT
Substituting the values in the expression, 1 = W
3x2.32x107% gx0.0821 L atom K™ mol™ x 208K
Weget, 1 = =i
174 g mol™ x 2L
7 =4.89x 107 atm.
(iii) Wy=25.6 g, W, =1000 g, AT,=0.512 K, K,=5.12 K kg mol™
Substitution these values in the expression, we get
N K % W, x1000 )
Mg =—————,wege
B AT! xW,
5.12 K kg mol™ x 25,6 g x1000 g kg™
M= 0.512K x1000 g
=256 g mol™
Molecular mass of S, = 32x
Now, 32x =2560rx = %:8

Therefore, formula of sulphur = S
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Q. 6. (i) Why a person suffering from high blood pressure is advised to take minimum quantity of
common salt?

(i) 2 g of benzoic acid (CH;COOH) dissolved in 25 g of benzene shows a depression in freezing
point equal to 1.62 K. Molal depression constant for benzene is 4.9 K kg mol™'. What is the
percentage association of acid if it forms dimer in solution? [CBSE 2019 (56/5/2)]

Ans. (i) Osmotic pressure is directly proportional to the concentration of the solutes. Our body fluid contains
a number of solutes. On taking large amount of common salt, Na* and CI” ions enter into the body
fluid thereby raising the concentration of the solutes. As a result, osmotic pressure increases which
may rupture the blood cells.

(i) The given quantities are
Wg=2g W, =255 AT, = 1.62K, K;=49 K kg mol™

Kf X W, X 1000
Substituting these values in equation Mg= ———— we get
Ai‘} XW,
_ 4.9x2x1000 _ =
Mg= T 162725 241.98 g mol

Thus, observed molecular mass of benzoic acid in benzene =241.98 g mol™!
Normal molecular mass of C;H;COOH = 122 g mol™'

Normal molecular mass 122 g mol™

= = =0.504
Observed molecular mass ~ 241.98 g mol™
i=0.504 D)
If a represents the degree of association of solute then we would have (1 — a) mole of benzoic acid

. . o AL . Sy .
left in unassociated form and corresponding 5 associated moles of benzoic acid at equilibrium.

Now, consider the following equilibrium for the acid:
2(CH;COOH) —= (C,H,COOH),

1 mol 0
(1 —at) mol 2 mol
Thus, total number of moles of particles at equilibrium
=l-ate=1-=
2 2

i= Total number of moles of particles after association
Number of moles of particles before association

2
e B M ..
I= _1_2 (i)
From (i) and (i), we have
0504 =1 Z
TR
%:1—0.504:0.496
or a =0.496 x 2 =0.992

Therefore, degree of association of benzoic acid in benzene is 99.2%.
Q.7. (i) Give reasons for the following:
(a) At higher altitudes, people suffer from a disease called anoxia. In this disease, they become
weak and cannot think clearly. [CBSE 2019 (56/4/1)]
(b) When mercuric iodide is added to an aqueouns solution of Kl, the freezing point is raised.
(@) 0.6 mL of acetic acid (CH;COOH), 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.
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Ans. (i) (a) At higher altitudes, partial pressure of oxygen is less than that at ground level, so that oxygen
concentration becomes less in blood or tissues. Hence, people suffer from anoxia.

(b) Due to the formation of complex K.[Hgl,], number of particles in the solution decreases and
hence the freezing point is raised.

(ii) Mass = Density x Volume

Mass of acetic acid = 1.06 g mL™ x 0.6 mL = 0.636 g
Mass of acetic acid _ 0.636 g

Number of moles of acetic acid = = - = 0.0106 mol
Molar mass 60 g mol
Massof water=1g mL™ x 1000 mL = 1000 2
Molality = Number of moles qfaceuc acid <1000
Mass of water in grams
o DOUG < = B i mci kg™
1000
AI} =K;.m
= 1.86 K kg mol™ x 0.0106 mol kg™
=0.0197K

Observed freezing point _ 0.0205K
Calculated freezing point  0.0197K
i =1.041 (D)
If « is the degree of dissociation of acetic acid, then we would have n(1 — o) moles of undissociated
acid, no moles of CH;COO™ and na moles of H ions at equilibrium.
CHyCOOH —= H' + CH,CO0"
n mol 0 0

n(l —a) na mol no mol
Thus, total moles of particles = n — not + na + no = n(l + a)

van't Hoff Factor (i) =

., Total number of moles of particles after dissociation
L=

Number of moles of particles before dissociation
i :w:bﬂx (i)
From (i) and (ii), we have
1.041 =l4+a = a=1.041-1=0.041

_ [CH,CO0™][H"]
~ T [CH,COOH]
[CH;CO07] =n(l —a)=0.0106 (1 — 0.041) = 0.0106 x 0.959

[H*] =na=0.0106 x 0.041
[CH;CO07] =na =0.0106 x 0.041

0.0106%0.041x0.0106 % 0.041
0.0106 X 0.959

a

K, =

=1.86 x 107°
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Questions for Practice '

Choose and write the correct answer for each of the following.

1.

The value of van’t Hoff factor for ethanoic acid in benzene is

(@ 1.0 ®) L5
(©) 0.5 d 2
Which of the following aqueous solutions should have the highest boiling point?
[NCERT Exemplar]
(@) 1.0 M NaOH (b) 1.0 M Na,S0,
(¢) 1.0 M NH,NO, (d) 1.0 M KNO,

An unknown gas X’ is dissolved in water at 2.5 bar pressure and has mole fraction
0.04 in solution. The mole fraction of X’ gas when the pressure of gas is doubled at

the same temperature is [CBSE 2022 (56/3/4)]
(@) 0.08 (b) 0.04
(c) 0.02 (d) 0.92
An azeotropic solution of two liquids has a boiling point lower than either of the two
when it [CBSE 2022 (56/3/4))

(@) shows a positive deviation from Raoult’s law.
(b) shows a negative deviation from Raoult’s law.
(c) shows no deviation from Raoult’s law.
(d) is saturated.
Which one of the following pairs will form an ideal solution?
(@) Chloroform and acetone
(b) Ethanol and acetone
(¢) n-hexane and n-heptane
(d) Phenol and aniline

In the following gquestions, two statements are given—one labeled Assertion (A) and the other labeled
Reason (R). Select the correct answer to these questions from the codes (a), (b), (c) and (d) as given below:

(@)

®)

Both Assertion (A) and Reason (R) are correct statements, and Reason (R) is the correct explanation of
the Assertion (A).

Both Assertion (A) and Reason (R) are correct statements, but Reason (R) is not the correct explanation
af the Assertion (A).

Assertion (A) is correct, but Reason (R) is incerrect statement.

Assertion (A) is incorrect, but Reason (R) is correct statement.
Assertion (A) : Molarity of a solution in liquid state changes with temperature.
Reason  (R) : The volume of a solution changes with change in temperature.

Assertion (4) : Osmotic pressure is a colligative property.

Reason  (R) : Osmotic pressure is proportional to the molality.
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Assertion (A) : If more volatile liquid is added to another liquid, vapour pressure of solution
will be greater than that of pure solvent.

Reason (R) : Vapour pressure of solution is entirely due to solvent molecules.

Assertion (A) : The boiling point of pure solvent is always higher than the boiling point of

solution.

Reason  (R) : The vapour pressure of the solvent decreases in the presence of non-volatile
solute.

Assertion (4) : The boiling point of 0.1 M urea sclution is less than that of 0.1 M KCI
solution.

Reason (R) : Elevation of boiling point is directly proportional to the number of species
present in the solution.

Answer the following questions:

What type of deviation is shown by a mixture of ethanol and acetone? What type of azeotrope
is formed by mixing ethanol and acetone? [CBSE (F) 2013]

Derive the relationship between relative lowering of vapour pressure and molar mass of the
solute. [CBSE Chennai 2015]

Give reasons: [CBSE 2019 (56/2/1)]
(i) Cooking is faster in pressure cooker than in cooking pan.
(it) Red Blood Cells (RBC) shrink when placed in saline water but swell in distilled water.

Calculate the mass of a non-volatile solute (molar mass 40 g mol™) which should be dissolved
in 114 g octane to reduce its vapour pressure to 80%.

Henry’s law constant for the molality of methane in benzene at 298 K is 4.27 x 10° mm Hg.
Caleulate the solubility of methane in benzene at 298 K under 760 mm Hg.

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™)

Calculate the freezing point of a solution when 3 g of CaCl, (M = 111 g mol™) was dissolved in
100 g of water, assuming CaCl, undergoes complete ionisation. (K, for water = 1.86 K kg mol™).

Caleculate 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 = 1.86 K kg mol_l)

(z) When 2.56 g of sulphur was dissolved in 100 g of CS,, the freezing point lowered by 0.383
K. Calculate the formula of sulphur (8,).

[Kfor CS; = 3.83 K kg mol™, Atomic mass of Sulphur = 32 g mol™]

(i) Blood cells are isotonic with 0.9 % sodium chloride solution. What happens if we place
blood cells in a solution containing

(a) 1.2% sodium chloride solution?
(b) 0.4% sodium chloride solution?
(i) Why is boiling point of 1M NaCl solution more than that of 1M glucose solution?

(i) A non-volatile solute X’ (molar mass = 50g mol™) when dissolved in 78 g of benzene
reduced its vapour pressure to 90%. Calculate the mass of X dissolved in the solution.
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(7i) Calculate the boiling point elevation for a solution prepared by adding 10g of MgCl, to
200g of water assuming MgCl, is completely dissociated.

(K, for water = 0,512 K kg mol™, Molar mass MgCl, = 95g mol™)
[CBSE 2023 (56/5/2)]

21, (i) Calculate the molality of a sulphuric acid solution in which the mole fraction of water is
0.85.
(i7) The graphical representation of vapour pressures of
two component system as a function of composition

is given alongside.
g ongs e p=p;\+Pe

o

By graphic inspection, answer the following

questions:

(@) Are the A-B interactions weaker, stronger or
of the same magnitude as A—A and B-B?

Pa Ps

Wapour pressure —

(b) Name the type of deviation shown by this
system from Raoult’s law.

(c) Predict the sign of A . H for this system.

(d) Predict the sign of A, V for this system. xa=1 Mole fraction x4=0
=0 =1
(¢) Give an example of such a system. m Xg—» ™
- Xg

(H What type of azeotrope will this system form,
if possible?

Answers
1. (¢c) 2.(b) 3.(a) 4.(a) 5.(0) 6. (a) T.(¢c) 8.(0) 9. (a) 10. (a)
14.8g  15.1.78x 107 16.3.118 kPa 17.271.642 K 18.1.17 g
19. (i) 256 g mol™ (if) Sg
20. (ii) 5.56 g (iif) 273.958 K
21. () 0.98 m
(ii) (a) stronger, (b) Negative deviation (c) —ve, (d) —ve,
(e) A mixwre of 20% acetone and 80% chloroform by mass, (f) maximum boiling azeotrope
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