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Vapor Pressure

At a given pressure, the
temperature at which a pure
substance changes phase is Tsat.

At a given temperature, the
pressure at which a pure
substance changes phase is
Psat.

Vapor Pressure (Pv) of a pure
substance is defined as the
pressure exerted by its vapor in
phase equilibrium with its liquid
at a given temperature.

For a pure substance, Pv is a
Property and Pv = Psat.
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Problem

Determine the mole fraction of the water vapor at the surface of a
lake whose temperature is 15◦C. The atmospheric pressure at lake
level is 92 kPa.

At phase equilibrium: Pv = Psat@15◦C = 1.7057 kPa
Mole fraction of water vapor in air:

xv =
ni

n
=

niRT/V

nRT/V

=
Pv

P

=
1.7057

92
= 0.0185
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Henry’s Law

Statement

The amount of a gas that dissolves in a liquid is directly
proportional to the partial pressure of that gas (Pi, g) in
equilibrium with that liquid.

Mole fraction of species, i on liquid side,

xi,l =
Pi,g

H

Henry’s constant in pressure units (Pa)
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Henry’s Law

1 The concentration of a gas dissolved is ∝ H−1

2 H ↑ with T ↑
3 xi,l ↑ with Pi ↑
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Henry’s Law

xi,l =
Pi,g

H
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Problem

Determine the concentration of dissolved air in water at ambient
conditions. HN2 = 9.2× 109 Pa, HO2 = 4.3× 109 Pa
At phase equilibrium: Pv = Psat@30◦C = 4.25 kPa

Ptotal = Pv + Pdry-air

Pdry-air = 101.42 + 4.25 = 97.17 kPa

Pdry-air = PN2 + PO2

PN2 = 79%Pdry-air = 76.7643 kPa

Mole fraction of N2,l, xN2,l
=

PN2
H = 76.7643×103

9.2×109
= 8.34× 10−6

Mass fraction of N2,l, yN2,l
= xN2,l

× MN2
MH2O

= 8.34× 10−6 × 28
18 = 13× 10−6

Solubility of N2 in water, SN2 = 13× 10−3 g/kg
i.e., 13 ppm of dissolved N2 in water.
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Solubility with Temperature
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Solubility of air at Water-Air Interface
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Solubility of air at Water-Air Interface
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Degassing Techniques

1 By boiling or superheating

2 Vacuum degasification

3 Freeze-pump-thaw cycling

4 Membrane degasification
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Degassing Techniques

1. By boiling or superheating

Low purity limits

Significant fluid is lost while pulling vacuum
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Degassing Techniques

2. Vacuum degasification (Assuming only v & g are evacuated)
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Degassing Techniques

2. Vacuum degasification
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Problem

Imagine an insulated chamber with negligible thermal mass where
the volume of the vapor and nitrogen space is equal to the volume
of the liquid space (1 liter). Start with 70◦C, and 101.325 kPa
total pressure. Compute the number of moles of N2 dissolved in
the chamber after 3 cycles of vacuum degasification.
HN2 = 9.2× 109 Pa, Psat@70◦C = 31.176 kPa.

Hint: Calculate the number of moles of N2

and water on gas side and also on liquid
side for each cycle. Assume that no other
gas exists other than N2 and H2O.
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On Gas/vapor Side

At phase equilibrium:
Pv = Psat@70◦C = 31.176 kPa
Ptotal = Pv + PN2

PN2 = 101.325− 31.176 = 70.146 kPa

By definition PN2 is the pressure exerted if the whole volume is
filled with N2. Here the volume is 1 liter = 0.001 m3.

nN2,v =
PN2V

RT
=

70149× 0.001

8.314× 343.14
= 0.0246 moles

Similarly for water in vapor state:

nH2O,v =
PH2OV

RT
=

31176× 0.001

8.314× 343.14
= 0.0109 moles
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On Liquid Side

Number of moles of H2O in 1 liter of volume:

nH2O,l =
VH2O,l

MH2O,l
=

1 kg

18 g
mol

= 55.55 moles

From Henry’s law, mole fraction of N2 in liquid water:

xN2,l =
PN2

HN2

=
70149

9.2× 109
= 7.62× 10−6

By the definition of mole fraction:

xN2,l =
nN2,l

nH2O,l + nN2,l

=⇒ nN2,l = nH2O,l × xN2,l = 0.424× 10−3 moles
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We started with a Chamber Containing

nH2O,l = 55.55 moles

nH2O,v = 0.0109 moles

nN2,l = 0.424× 10−3 moles

nN2,,v = 0.0246 moles

During the first cycle of vacuum degasification, we removed all the
vapor, i.e., 0.0109 moles of H2O and 0.0246 moles of N2 from the
chamber.

Number of molecules left in the chamber are:
55.55 moles of H2O and 0.424× 10−3 moles of N2

The chamber is now allowed to settle:
Phase equilibrium: Part of H2O (l) evaporates
Dissolved N2 in H2O (l) comes-out following Henry’s law.
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After First Cycle

The molecules in the liquid have to be distributed in liquid and gas.
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After First Cycle

At phase equilibrium: Pv = Psat@70◦C = 31.176 kPa

55.55 moles of H2O has be distributed as nH2O,l and nH2O,v

∵ nH2O,l � nH2O,v, change in volume of H2O (l) is negligible,
i.e., VH2O,v = 1 liter = 1 kg = 0.001 m3.

=⇒ nH2O,l = 55.55 moles

Similar to previous calculations, nH2O,v = 0.0109 moles

In a strict sense, they should be computed iteratively.

PN2 and Ptotal are not known as this stage.
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After First Cycle

xN2,l =
PN2

HN2

=
nN2,vRT

V

1

HN2

Also, xN2,l =
nN2,l

nH2O,l +���:
0nN2,l

=⇒ nN2,l =
nH2O,lRT

HN2V
nN2,v

0.424× 10−3 moles of N2 is distributed as nN2,l and nN2,v

nN2,l + nN2,v = 0.424× 10−3
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End of First Cycle

nH2O,l = 55.55 moles

nH2O,v = 0.0109 moles

nN2,l = 7.18× 10−6 moles

nN2,,v = 0.0004168 moles

We started with

nN2,l = 0.424× 10−3 moles

nN2,,v = 0.0246 moles

In one cycle of vacuum degasification, we observe reduction by 59
times of dissolved N2 in liquid H2O.
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End of Second Cycle

nH2O,l = 55.55 moles

nH2O,v = 0.0109 moles

nN2,l = ??? moles

nN2,,v = ??? moles

We started with

nN2,l = 0.424× 10−3 moles

nN2,,v = 0.0246 moles

In two cycles of vacuum degasification, we observe reduction by
??? times of dissolved N2 in liquid H2O.
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End of Third Cycle

nH2O,l = 55.55 moles

nH2O,v = 0.0109 moles

nN2,l = ??? moles

nN2,,v = ??? moles

We started with

nN2,l = 0.424× 10−3 moles

nN2,,v = 0.0246 moles

In three cycles of vacuum degasification, we observe reduction by
??? times of dissolved N2 in liquid H2O.
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Degassing Techniques

2. Vacuum degasification

Some liquid is lost while pulling vacuum

The chamber temperature needs to be controlled

Needs 3 cycles to get high purity limits
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Degassing Techniques

3. Freeze-pump-thaw cycling

Very small amount of fluid is lost

Needs 3 cycles to get high purity limits

Less hazardous
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Degassing Techniques

4. Membrane degasification

Pull vacuum through a membrane such as Gore-Tex
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