Real gas

« Real gases do not interact without energy exchange, and
therefore do not follow the laws of Boyle, Charles, and
Gay-Lussac.

Real gases are not composed of infinitely small and
perfectly elastic non-attracting spheres.

They are composed of molecules of a finite volume that
tend to attract one another.

The significant molecular volume and the intermolecular
attractions between gas molecules affect both the volume

and the pressure of a real gas respectively.

Real gas: van der Waals equation

« The van der Waals equation is a modified ideal gas
equation that takes into account the factors that affect the
volume and pressure of a real gas.

2

For n mole of gas: (P + “Vlz) (V — nb) = nRT

» where a and b are constants for a particular gas.

« Around each molecule of a gas is a particular volume from
which other molecules are excluded for purely physical
reasons. The bulk molar volume, V, of the gas is
consequently an overestimation of the true molar volume.
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Gas Liquefaction

* The transitions from a gas to a liquid and from a
liquid to a solid depend on both temperature and
pressure.

* When a gas is cooled, it loses some of its kinetic
energy in and the velocity of the molecules
decreases.

* If pressure is applied to the gas, the molecules are
brought within the range of the van der Waals
forces and pass into the liquid state.

 The transitions from a gas to liquid depend on T
and P.

Methods of gas liquefaction

e to subject it to intense cold by the use of
freezing mixtures.

« The cooling effect produced in a gas as it
expands (Adiabatic expansion).

« Expanding the highly compressed non-ideal
gas into a region of low pressure (Joule-
Thomson effect).

« Gases can be liquefied under high pressures in
a closed chamber as long as the chamber is
maintained below the critical T (Aerosols).
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Gas Liquefaction

At specific T, the P will increase as
the V decreases.

Critical temperature (Tc): is the
temperature at or above which the
gas cant not be liquefied no matter
how much pressure is applied.

At or below that temperature, the 2
gas can be liquefied provided
sufficient pressure is applied.
Critical pressure (Pc): is the

Pressure P

g.
pressure required to liquefy the gas . Y\ E
at critical temperature is called as gg:'“ ;/v | \a¥
the (pc). | A
Each gas has its own Tc and Pc. | |
The further the gas can be cooled Volume >
below its critical T, the less Andrews Isotherm of CO,gas
pressure 1is required to liquefy it. Isotherm: a plot between P and V at a fixed
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3) Containet /'7
4) Valye and actuator A

* By depressing a valve on the container,
some of the drug-propellant mixture is
expelled owing to the excess pressure
inside the container.

* Outside the container, the liquid
propellant reverts to gas and vaporizes
off, while the drug forms a fine spray

~VAerosols and ideal gas law ¢

+  The propellant is responsible for developing the proper pressure
within the container, and it expels the product when the valve is
opened and its ,in the atomization or form production of the

product.
Types of propellants:

i uefied ases
/0},@ . Fluorinated hydrocarbons
Hydrocarbons (propane, butane, and isobutane)

rr——
= fihiiaa

2) ComEressed Ease@ @
Carbon dioxide, nitrogen and nitrqus oxi_d_g, )
; u\eb \J::U_):,&:’U L“"“—— L‘J
> The pressure in the case of compressed gas propellants can_be

determined by ideal gas law assuming ideal gas behavior.
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