Thermodynamics
tutorhour 5

Colligative properties



Elevation of boiling point

P = Po

CeH4(8)

At equilibrium:
“gas =“qu

At T :Tb’;” (69°C):

E 3 — 1k
H gas = H lig



Elevation of boiling point

At equilibrium:

ugas = “qu
* — * [] . [
U™ gas = U™ + correction for dissolving

RT °
AT :( boil )XB
AvapH

P = Po

CeH4(8)

p = p, , ideal dilute solution (low concentration)



Elevation of boiling point

P = Po

CeH4(8)

RT °
AT :( boil )XB
AvapH

AT : elevation of boiling point

T, : boiling point of pure hexane

AqpH @ enthalpy of vaporization of hexane
Xz :mole fraction of eicosane

# mol elcosane

X —
B .
# mol hexane + # mol eicosane

p = p, , ideal dilute solution



The depression of freezing point

AT (RT“E )
= X
A, H P

fus

AT :depression of freezing point

szs . freezing point of the pure solvent

A¢H : enthalpy of fusion of the solvent

Xg : mole fraction of the dissolved solute

p = p, , ideal dilute solution



Boiling point elevation and freezing point depression

RT* RT>
AT boil AT = fus ¥
S T

See also the
T*Q
AT = i €T checklist of
Ao H )P
trs key equations

trs = transition
p = p, , ideal dilute solution



Osmotic pressure

p =P,

At equilibrium:

hexane hexane

“hexane,left = uhexane,right

3 — 3
H hexane — H hexane




Osmotic pressure
Ca
additional pressure:
P =Po h p = pyt I1
. 2
: At equilibrium:
I
UL : s :uhexane,left = uhexane,right
| and
: eicosane u*(po)hexane = I"l(p0+H)mixture
I
I

U*(Po)hexane = U ¥ (Po)hexane T COrrection for dissolving + additional pressure



Osmotic pressure

U (Po)hexane = H*(Po)hexane + COrrection for dissolving + additional pressure |

p = p, , ideal dilute solution A

— [BIRT = “ZRT

\ s '
/ pure solvent

Note: [B] in mol/m3

mixture

Osmotic pressure can also be expressed as a function of height h:

pressure: p=F,/ A weight: F, = m-g mass: m = p-V

pressure: p=F,/ A =



Osmotic pressure
A
H -_ p-g.h
p =P, h
Y At very low concentration:
: P = psolutionz psolvent
hexane : hexane . . .
I and SO in approximation:
: eicosane
: H = psolvent g h
[

and earlierwesaw: 1l = |B|RT =



Answers:

Question 1

—) xg and  xg=(#mole Ag* + #mole CI') / (#mole H,0 + #mole Ag* + #mole CI")
=(1.31-10>-2) /(997/18.015 + 1.31-:10>- 2) =4.73-10”

AT =(8.3145 - 273.15%/6.008-103) - 4.73-107=4.89 x 10 K

the approximation: xg= (#mole Ag* + #mole CI') / (#mole H,0) also gives AT = 4.89 x 10~ K as an answer

b) xg = AT (f{T—’j)

trs

=1.00 - (6.008-:103/8.3145 - 273.152) = 9.68-103

xg = #mole DMSO/(#mole H,0 + #mole DMSO)
xpg = #mole DMSO /(997/18.015 + #mole DMSO) =>
xg (55.34 + #mole DMSO) = #mole DMSO => #mole DMSO =0.536/(1 - xp)
#mole DMSO = 0.536/(1 - 9.68:1073) = 0.541

Moo = 0.541-78.13=42.3 g

the approximation: xg= #mole DMSO/ #mole H,0 gives mp,,so =41.9 g as an answer



Question 2

H — pgh — [B]RT approximation: Psolute = Pwater
[B] = pgh/(RT) = 0.997-103 - 9.81 - 5.746-102 /(8.3145 - 293) = 0.2307 mol/m3
=0.2307 umol/cm3 =0.2307-10° mol/cm?3

Menayme = Menzyme / Nenzyme = 3-221-103 g / 0.2307-10° mol = 13.96 x 10° g/mole
Question 3
xg = AT (f{th) = 0.780 - (18.80-103/ 8.3145 - 3542) = 1.407-10>

xg = #mole solute/(#mole solute + #mole solvent)

#mole solvent = m_ ot / Mgopert = 250/ 128.18 = 1.95
xg = #mole solute /(#mole solute + 1.95) =>
1.407-1072(#mole solute + 1.95) = #mole solute =>

#mole solute = 0.02745/(1 - 1.407-102) = 0.02784
M, e = Mygute / Negiure = 5.00 / 0.02784 = 179.6 = 180 g/mole

the approximation: xg= #mole solute/#mole solvent gives M = 182 g/mole as an answer

solute



