Solutions and Colligative properties

n this Session :

* Welghtage of concepts

* Revision of Entire chapter

* Revising bimportant formula

* Solving previous year questions

welghtage of Concepts

Cowncentration terms (Motarit:(,j, Molality, Normality, PPM) - 15-20%
vapor pressure and Raoult's law (including deviations) - 15—18%
Solution thermodynamics (AH, AG of mixing) - 12-15%

Colligative properties - 20-25%

Definition
o A solution is a homogeneous mixture of two or more substances
® Covmponents:

O Solute: Substance present Ln lesser amount

O Solvent: Substance present tn larger amount

Types of Solutions

1. Based on pwgicat state (solute/solvent):
O Gas n gas (e.0., Alr - Oz bn N3)
0 Gas in Liquid (e.9., Oz n HR0)
o qas tn Solid (e.g., Hy ln Pdl)
o Liquld in Liquid (e.0., Ethanol in water)
o Liguld in Solld (e.g., Ho n Ag amalgam)
o Solid in Liquid (e.0., Nacl in water)
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o Solid in Soltd (e.g., Cu ln Au)

2. Solubtlity

Pefinition

Maxtmum amount of solute that can be dissolved tn a given amount of
solvent at a specific tempernture

Factors Affecting Solubility

A, For Solids in Liguids
1. Temperature Effect:
o Endothermie dissolution (AsolH > 0): Sotubui’cg Lnacreases with
tenmperature
0 Exothermile dissolutlon (AsolH < 0): SoLubLLLtM decrenses with
tevmperature
2. Pressure Effect:
o Negligible effect on solids and Liguids
O Like dissolves Like principle applies (polar-polar, nowpolar-nonpolar)
B. For gases in Liguis
1. Hevwg's Law:
oOp = KH X X \7 X x K
o wheve:
" p = partial pressuve of gas
= x = mole fraction of gas tn solution
" KH = Henry's constamnt
o Higher KH wmeans Lower solubtlity
2. Temperature Effect:
o Generally decreases with tnereasing tempernture (exothermic process)

"

3, Raoult's Law and Solutions ! )_J Ke 0\.‘%@\\@3 like
ldeal Solutions
1. Characteristics: \\fpo'Y‘ _po o1
® Ob% rRooult's Law at all conditlons \aﬂ"
©
O P1 = X1P1% P2 = X2P2’ i
o AHwmix = 0, Avmix = 0 A - B

O A-B Lnteractions = A-A anod B-B Lnteractions ) 0_—R
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O AHMLX = O, AVmLX = O
0 A-B Lnteractions = A-A and B-B Linteractlons

O No azeotropes formation A-A

Now-~toeal Solutions
1. Positive Deviation:
0 A-B < A-A or B-B Lnteractions
o AHwmwmix > 0, Avmix > 0
opl > pi. xi
O Forms mintmum botling azeotropes
O ExA mptes: Ethanol-water, acetone-methanol
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1. Negative Deviation:
0 A-B > A-A or B-B Lnteractions
o AHwmix < 0, Avmix < 0O
OP1 < P1%Xa
o Forms maxibmuum botling azeotropes
o Examples: HCl-water, chloroform-nacetone
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m oo
4, Colligative Properties

A. Relative Lowering of Vapor Pressure no. 0,5 moles -
* (pi1-P1)/P1 = n2/(n1 + np) n-

* For dilute solutlons: = xo (mole fraction of solute)
B. Elevation tn Boiling Polnt

e ATh = Kb X m

* Kb = boiling point elevation constant

* m = molality

C. Pepression bn Freezing Point

* AT = Kf X m Qco
o Kf = freezing polnt depression constant szﬁ

° L = moLaLL‘cg

D. Osmotic Pressure w
C - (onc-

*TT =CRT Vol-
°* T = WRT/V

())ic &MW>

® For dilute solutlons: T = MRT

vawn't Hoff Factor (i)
° L = Observed colligative property/Caleulated colligative property
® For nssoclation: L < 1
® For dissoctation: L > 1
e Relation with degree of dissoclation (a):
o For dissoctation: L =1 + (n-1)a oL
O For assoclation: L =1 - (1-1/n)

Modified Equations )=
For electrolytes with van't Hoff factor:

e ATh = IKb X m

o AT = IKf X
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o = LMRT

Ruestion 1 (JEE Advanced 2023)

R, A solution containing &.0 g of a non-telectrolyte solute tn 200 g of
water has an osmotic pressurt of 246 atwm at 27°C (R = 0.082

L-atm/Kemol). The molar mass of the solute s: ] 7 = MRT

o _ g o
MOW‘? - /ﬁg—— = LAL ﬁ«g
Velume 0.2 %7
_ b x o082 %>
IH MM XD - Q

Ruestion 2 (JEE Maln 2022)

X, Two L’Lqu’w{s A and B {owm aw toeal solution. At 29€ K, the Vapor

pressuve of pure A s 450 mm Hg and that of pure B Is 700 mm Ho.

Caleulate the vapor prescuve of solution containing 2 moles of A and #
moles ot B. 0 3
{ szﬁofp“’% X8 ><P:IO

-1
= 4Ggx 3  Top 7 ¥ XB’/%
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Ruestion 3 (JEE Advanced 2021)

R 100 g of lee at 0°C Ls added to 100 g of water at 50°C tn a closed
insulated vessel. The final tempernture and state of the system will be:
(Latent heat of fusion of ice = g0 cal/g)

R A solution of glucose (Cett1206) b water is tn equilibrivum with water
Vapor at 298 K. If the vapor pressure of pure water at 29€ K s 23.€ torr and
vapor pressure of solutlon ks 22.4 torr, caleulate the molality of the

solutiown. o =
_E,:B — X‘Qobdz ;%Q(u.coé\e, Xwake o
0 00
P . Nwatey = W—
S RBs- 229 _ 0.0588 = 5575
238 | Ngle
> _ Mose = p.058E =
7 Xqlucose = Mooader T Nelucose 555 tNglu

‘ﬂ?w&’ 3-48%0’1}-
moblzﬁ; = 348 m

Ruestion 5 (JEE Maln )

Q. The Hewry's law constant for the solubility of methane bn water at 29
K is 4.1 X 10° atm. The mole firnction of methane in water at 1 atm

pressure will be: KH - ¢ Wos'a:(-m :

[ L v
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! ‘\H — Lr.' N\ W wurve

ID = tﬂ Xme‘l‘f\au.
L= 40 RS Kpethame . .
Kinghane = Giwies = 244K

(EE 201%)

The Henry's Law constant for the solubility of N2 gas

n water at 298 K is 1.0 X 1075 atim. The mole fraction
of N2 tn air is 0.8. The nunber of moles of N2 from

atr dissolved tn 10 woles of water at 298 K and 5 atm
pressure is Ky
(@) 4.0x10" -4

(¢) B.ox10™ 4 Fn, =0k
(b) 4.0X10" -5 P, = Pr Xy,
(@) 4.0 X 10" -6 - 5r0.8<= 4
PN}': St Ny
4 = IX©° '__{
Ky, = 470

-G _
X Mt D RO ( Pt
2

0\
5 agh
4 K10 Dy, 4% =ny,

Ap&lo'q: 6-99 n,
Yy, = 4 Klo™§

2-

A solutlon containing 4 g of polyvinyl chloride
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polywmeer in one Litre of dioxane was found to have
an oswmotic pressure of 4.1 x 107 -4 atwm., at 27°C. The

approximate molecular weight of the polymer is 4 T 9 71°C
(1) 1500 ¢ 2.4x10°5 A = 4.1 KO _ 206k
(b) 10,000 (1) 2X 10712 wass = 49
7N = MRT
N = 4 XO’OQQX?}OO

41X M

00”77~ - b x (0

wWhewn 20 g of naphthote acld (C11H€0O2) is dissolved

in 50 g of benzene (Krg= 1,72 K kg wol-1), a freezing I Ill
point Dlefpr}essiow of2 ﬂs observed, The van't Hoff %3:(“(’
o: i
o) = Po AXFIREF o

o 2



Phenol dimerises in benzene having van't Hoff factor
0.54. What is the degree of association?

(@) 0.46 [= 0-54 SN

)+ S )
(b) 92

(al)o/ﬁ:z = | —0.54 « 2

21
_ opgb xx= 0%

-—

which of the following solution would exhibit
abwnormal colligative properties?

(@) 0.1 M sucrose v d

(b) L M glucose A

(¢) 10 g glass powder in water <

dY0.1 M Nacl



