Chapter two-Solutions Physical Chemistry For UGS-2"? Year 2"d Semester

2-6 Colligative properties

1

The lowering of vapour pressure.
2
3

The elevation of boiling point.

The depression of freezing point.

q

Osmotic pressure.
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Figure 2-8: The chemical potential of the liquid solvent in a solution is lower than that of pure liquid. As a result, the
temperature at which the chemical potential of the solvent is equalyto that of the solid solvent (the freezing point) is
lowered, and the temperature at which it is equal to the vapours(the boiling point) is raised. The lowering of the liquid’s
chemical potential has a greater effect on the freezing point than in the boiling point because of the angles at which the
lines intersect.
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2-6-1 The lowering of vapour pressure
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Np _Pa—Pa

n, pa (2-16)

QW1 Kb Aslaadl (o83 oSy g coldall gu32) 3g)l e Jgummed! oSar Y gall sae IS (1
Wp
Pa—Pa _ Mwg (2:17)
* - Wy N
Pa Mw,
A Aslaall e Juasss (2-17) Wobead] (15,5 5alebs
Pa—Pa _ Ws Mw,
Pa Mwg w, (2-18)

e pSalls (Ll asall (olasil A8 yae day el (So3ad! O) 9l sl (e (2-18) Wslaall e

Example 1: The vapour pressure of pure water at 25 °C is 23.76 torr. The vapour
pressure of a solution containing 5.40 g of a non-volatile substance in 90.0
g water is 23.32 torr. Calculate the molecular weight of solute.

Solution: p, = 23.76 torr, pp.=.23.32 torr,w, = 90.0 gand wg = 5.40 g.

Pi—-Pa _ wp Mw,

*

P,  Mwg w,

(2-18)

23.76 torr -23.32 torr _ 5.40 g 18 gmol™’

23.76 terr Mwg 90.0 g
1.08 g mol™?!
0.01851 =
Mwg
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_0.234 gmol™!

— -1
Mwg = 00267 = 58.35 g mol

2-6-2 The elevation of boiling point

iy Jekowall § udedly Godedl sl e 0)lodl 92 0L dps JI Gylall die hasw s3I Bilgall g O
(P Olgdl g Lol dslasll (2-9) A 3 oo WSy 1-atm oylide tass

ua(g) = na(l) + RTln y, (2-19)
oS ¢(1 atm) e Jarall e Llasll oty lag )bl JhasSIhdgzdh Jiad pj(g) Ol Cum
(Normal boiling point) &slaeyl olall d>ys &f (2-19) Usbwll 3 BysSdell Ml (e Aol
& 9l Caasall Joloall (3 08T slgun Juasd 83031 0dag c3landl ol J gadl 31 83035 31555 Codald
Y.L N

Alg)

Hx(g.p)

)
A(l) + B

Figure 2-9: The equilibrium involved in the calculation of the elevation of boiling point A present as pure vapour in the
mixture, A being thé solvent and B a non-volatile solute.

2-6-1-1 Deriving an expression for the elevation of the boiling point
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AT, = K, b, Boiling point elevation (Empirical relation) (2-31)
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Table 2-3: Boiling point K» and freezing point K5 for constants.

Kv/K kg mol- Ki/K kg mol-*
Benzene 2.53 5.12
Camphor - 40.00
Phenol 3.04 7.27
Water 0.51 1.86
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Figure 2-10: The equilibrium involved in the calculation of the lowering of\freezing point is between A present as pure
solid and A in the mixture, A being the solvent and B the solute that is insoluble in solid A.

%2

ATy = K xg,where K = Freezingpoint depression (2-33)
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ATy = Ky b, Freezing point depression (Empirical relation) (2-34)
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Example 2: If you were to make 0.800 m aqueous solution of glucose, what would be
its boiling point and freezing point? (K, = 0.51 °C/m, and K¢ = 1.86 °C/m).
Solution:

ATb = Kb b (2-31)
AT, = 0.51°C/m X 0.800 #:2 = 0.41°C

T, =100.00°C + 0.41°C = 100.41°C

AT;=Ksb (2-34)
AT; =1.86°CX0.800m =1.49°C

Tf =0.00°C-1.49°C = -1.49°C
2-6-4 Osmosis
Dyl ddas cub B3 sy ¢(Push) lais (o5 (Hlg duiny eVl dalll ye diiine (Osmosis) @’ngi N

L§JJ‘3 d}l:z.o.\\j ‘;u.\\ codadl o cuain L§JJ‘3 S dd slie I OR dﬁ.l:z.o.\\ S ‘;u.\\ codel L}L&.l:‘d‘
ZL“;LZH Jsad! S oo LSy oldadl 09 (2l Codaldl Sl Zrow

Iy I
.
Pure solvent Solution
px(p) Halp +11)
\ T J

Equal at equilibrium

Figure 2-11: The equilibrium involved in the calculation of osmotic pressure, I1, is between pure solvent A at a pressure p
on one side of the semipermeable membrane and A as a component of the mixture on the other side of the membrane,
where the pressureis p + 1
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Figure 2-12: In a simple version of the osmotic pressure experiment, A is at equilibrium on each side of the membrane
when enough has passed into the solution to cause a hydrostatic pressure difference.
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2-6-3-1 Deriving a relation between the osmotic pressure and molar concentration of

solute
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p+1
ua(p + II) = yy(p) + f Vadp (2-40)
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1 3YE zrmads Aolaedl a3y Bolel I (o Aslaadl Jasrus Sy Al poll 0l die
IT = RT[B],Van't Hof f equation (2-46)

Uolaall 002 pwdg ¢(Na/V) Hladall IS (1o Cawsy SWIg (B Cldall 53V gall 1SN [B] Jind Cu

L2g cold dolaay

Example: When 2.35 g of a nonelectrolyte solute is dissolved in water to make 755 mL
of solution at 22 °C, the solution exerts an osmotic pressure of 835 torr.

a) What is the molar concentration of the solution? b) How many moles of

solute are in the solution? c) What is the molar mass of the solute?

______g/mol?

Solution: wtg =2.35g,V=755mL,p=835torr=and T=22°C + 273 =295 K.

1 atm =760 torr, so 835 torr = 1.10 atm.
oMel J1gudl Joud g0 Cild Adlas puseiud

a) I1.= RT[B),Van't Hof f equation (2-47)
1.10 atm = 0.082 L295KB
' o K mol B
[B] = 0.045 M

n
b) No.of moles =M XV = 0.045 I X 0.755 £ = 0.034 mol solute
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) N los — wt . _ 2.35g
0.of moles = molar mass’ 04T MASS = 47034 mol
2.35g g
=— =69.12 —
molar mass 0.034 mol 69 oy

Homework 5: 9 g of a nonelectrolyte solute was dissolved in enough water to produce

a 500 mL solution. The Osmotic pressure was measured to be 1871.1 torr

at 500 K. What is the molar mass of the solute?
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