
Gaseous state
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States of Matter
• Three primary state of matter
1) Gaseous state 2) Liquid state 3) Solid state

• Other mesophases: 
Liquid crystals, Supercritical fluids



We can get liquid from gas by :
 We can get liquid from solid by :
 We can get solid from liquid by :
We can getgas from liquid by :

Cool , comperss
Heat
Cool
Heat , reduce pressure 

 يرِدْصَ يِل حْرَشْا ِّبرَ(
 ةًدَقْعُ لُْلحْاوَ يرِمَْأ يِل رِّْسیَوَ
 )يِلوْقَ اوھُقَفْیَ ينِاسَِّل نِّم



The gaseous state
• Gases are described as molecules that have high kinetic energy 

rapid motion of molecules.
• Gas molecules exert relatively small forces on each other 

(molecules try to act independently of one another). 

General properties
• A gas mixes rapidly and completely with any other gas. 
• A gas uniformly fills any container and assumes its shape 

(volume). 
• Gas is the only state that is compressible.
• The vigorous motion produces a pressure called vapor pressure.



Pressure units
• The SI unit is the Pascal (Pa) where: 

1 Pa =1 N m-2

• The relationship of other commonly used pressure 
units to the Pascal is as follows:
1 bar = 105 Pa
1 mmHg = 1 torr = 133.32 Pa
1 atm = 1.013 × 105 Pa
1 psi = 6894.76 Pa

• Standard atmospheric pressure is 760 mmHg = 760 
torr = 1.013 bar = 1.013 × 105 Pa



Ideal gas

• Ideal gas is a gas where no intermolecular
interactions exist and collisions are perfectly
elastic, and thus no energy is exchanged during
collision.

• The properties of the ideal gas can be described
by the general ideal gas law, which is derived
from Boyle, Charles and Gay-Lussac laws





Ideal gas
• Boyle’s law states that

the volume and pressure
of a given mass of gas is
inversely proportional at
a constant temperature
(i.e. when the pressure of
a gas increases, its
volume decreases).



Ideal gas
• The Charles law states that the volume and absolute

temperature of a given mass at constant pressure are 
directly proportional:

V  T     or      V = kT



Ideal gas
• Gay-Lussac's law states that the pressure of a

given mass of gas varies directly with the
absolute temperature of the gas, when the
volume is kept constant:

P/T = k

 تَْلزَ)ٮَأ امَِل *ىِّ)ٮِإ ِّبرَ
ر>ٮBِڡَ)ڡٍ رْ>ٮَ)ح نْمِ َّ*ىَلِإ



Avogadro’s law
• Equal volumes of gas at the same temperature and 

pressure contain the same number of molecules.
V1/n1 = V2/n2

• 1 mole of ideal gas occupies 22.4 L regardless 
the identity of the gas under standard temperature 
and pressure. 

• The volume of gas is directly proportional to the 
number of moles  

V ∝n at  constant T and P



Ideal gas

• Boyle, Gay-Lussac and Charles law can be
combined to obtain the familiar
relationship:

• T: kelvin scale (0 ºC=273.15 K)



Ideal gas

• In the assay of ethylnitrite spirit, the nitric oxide that is
librated from a definite quantity of spirit and collected
in a gas burette occupies a volume of 30.0 ml, at a
temperature of 20 oC and a pressure of 740 mm Hg.
Assuming the gas is ideal, what is the volume at 0 oC
and 760 mm Hg?

V2 = 27.2 mL

Example



General ideal gas law
• General ideal gas law (also called equation of

state) relates the pressure, volume, and
temperature of a given mass of gas.

• R: the molar gas constant value for the PV/T 
ratio of an ideal gas.

• For n moles the equation becomes:
PV = nRT



General ideal gas law
• The volume of 1 mole of an ideal gas under standard 

conditions of temperature and pressure (i.e., at 0° C 
and 1 atm) has been found by experiment to be 
22.414 liters.

• Substituting this value in general ideal gas law:

• The molar gas constant can also be expressed by 
energy units:

• R = 8.314 Joules/mole K or
• R = 1.987 cal/mole deg 1 atm = 1.0133 × 106 dynes/cm2

1 Joule = 1 N.m = 1 Pa.m3

1 cal = 4.184 Joule



 نعـَ كَِـللاح/ـٮ نيِ+ڡْكا َّمهَّللـا
 َكِلضَ+ڡِـ/ٮ نيِ+ٮْ+عاوَ ،كَمـِارَحـَ
كاوَسِ نَّمعَ



General ideal gas law

• What is the volume of 2 moles of an ideal gas 
at 25°C and 780 mm Hg?

• 780 mm Hg/760 mm Hg = 1.0263atm
• 25°C + 273 = 298 K

• PV=nRT

Example: Calculation of volume using the ideal gas law

atm= 760 mmHg



General ideal gas law: Molecular weight of gas

The approximate molecular weight of a gas can be 
determined by use of the ideal gas law:

PV = nRT       
since n=g/M then:



General ideal gas law: Molecular weight of gas

If 0.30 g of ethyl alcohol in the vapor state occupies 200 
mL at a pressure of 1 atm and a temperature of 100 °C, 
what is the molecular weight of ethyl alcohol?

100 °C + 273 = 373 K
200 mL ÷ 1000 mL =0.2 L

Example: Molecular weight determination using the ideal 
gas law



Ideal gas
Kinetic Molecular Theory

Kinetic molecular theory explains the behavior of gases according to
the ideal gas law and to lend additional support to the validity of the
gas law:

 Gases are composed of particles called atoms or molecules, the total
volume of which is so small (negligible) in relation to the volume of
the space in which the molecules are confined.

 Gas molecules exert neither attractive nor repulsive forces on one
another

 The particles exhibit continuous random motion. The average 
kinetic energy, E, is directly proportional to the absolute temperature 
of the gas, or E=(3/2)RT.

 The molecules exhibit perfect elasticity; there is no net loss of speed 
or transfer of energy after they collide with one another and with the 
walls of the confining vessel. 



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.

For n mole of gas:

• 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. 



Real gas: van der Waals equation
• The influence of non-ideality is greater when the gas is

compressed (At high pressure and low temperature).

• When the volume of a gas is large (At low pressure and
high temperature), the molecules are well dispersed and
far apart. Under these conditions, a/V2 and b become
insignificant with respect to P and V, respectively, and the
van der Waals equation for the real gas reduces to the ideal
gas equation: PV = nRT

• At these conditions, real gases behave in an ideal manner.

• A convenient means of expressing departure from ideality 
is by a plot of PV/RT as a function of pressure for 1 mole 
of each gas



 تَنأ َّلاإَ ھلإ لا
 يِّنإ كَناحبس
 نم تُنك
نَیملاظلا



Aerosols and ideal gas law
• An Aerosol product consists of the following component parts:

1) product concentrate
• active ingredient &
• Additives (such as, antioxidants, surface- active agents, and solvents)

2) Propellant
• liquefied gas or a mixture of liquefied gases or
• compressed gases (carbon dioxide, nitrogen, and nitrous oxide)

• The drug is dissolved or suspended in a propellant
• Propellant, a material

that is liquid under the pressure conditions existing inside the container
but that forms a gas under
normal atmospheric conditions

• Part of the propellant exists as a gas and exerts the pressure 
necessary to expel the drug, whereas the remainder exists as liquid 
and provides a solution or suspension vehicle for the drug.

• When the propellant is a liquefied gas or a mixture of liquefied
gases, it frequently serves the dual role of propellant and solvent or
vehicle for the product concentrate.



3) Container
4) Valve and actuator

• 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



Aerosols 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:
1) Liquefied gases
a. Fluorinated hydrocarbons
b. Hydrocarbons (propane, butane, and isobutane)

2) Compressed gases
Carbon dioxide, nitrogen and nitrous oxide.

 The pressure in the case of compressed gas propellants can be
determined by ideal gas law assuming ideal gas behavior.



General ideal gas law

Calculate the pressure at 25°C within an aerosol 
container of internal volume 250 cm3 containing 160 
cm3 of concentrate above which has been introduced 
0.04 mol of nitrogen gas. Assume ideal behavior.

Example: Calculation of pressure using the ideal gas law




