


Credits: Dr. Nizar Al-Zoubi

The Hashemite University
Faculty of Pharmaceutical Science 

Physical Pharmacy I
Gaseous state

1



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

• Other mesophases: 
Liquid crystals, Supercritical fluids





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).

https://youtu.be/0hWzG9mik7A?si=a1S_Ib1miynAGhzZ



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

https://youtu.be/WtoF2C_f8Qo?si=qjw8wtOU7R45fsT_



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 https://youtu.be/snS7BNglHK4?si=WrpQzNOqxsjjOXjR



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

https://youtu.be/ADMMzt7ATZ4?si=84OQk5dKyKu3-aQR



Ideal gas

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

• T: kelvin scale (0 ºC=273.15 K)

https://youtu.be/2hfoOhU3uCk?si=o2Xv8H3QwqPoie_c



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 

https://youtu.be/zo--jm9zWeI?si=SV9Yrt1rM0i4oNvo



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



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

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



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:
 

https://youtu.be/w-WCWnagNeU?si=v6e_htCltvhI23pI



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.


