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CHARACTERISTICS OF A GAS—BASIC DEFINITIONS 

A low-pressure sample of gas can be completely described if at least three of the  four 

quantities that relate to it are known. These quantities are its pressure, volume, temperature, 

and the amount of gas in the sample.  

Pressure: Pressure is defined as the force per unit area that a gas exerts on the  walls of its 

container. In the MKS system of units, pressure is expressed as newton  per square meter, or 

newton/m2 or newton m-2. The MKS unit is the pascal,  where 1 torr =133 pascal and 1 pascal = 

7.5 torr. 

Volume: The volume is simply a measure of the space a gas takes up; it is usually set by the 

dimensions of the enclosure. The MKS unit of volume is the m3  but liters are extensively 

employed to refer to pumping rates, gas flow measurements, etc. The pumping speed of 

mechanical pumps is often expressed in cfm  (cubic feet per minute).  

 

Temperature: The temperature of a gas at pressure below 1 torr is determined  mainly by the 

temperature of the surfaces with which the gas comes in contact.  Typically the gas is at room 

temperature. In deriving the equations that describe  the behavior of gases, the unit of 

temperature is K or Kelvin.   

Amount of gas: The amount or mass of gas in a given sample is measured in  molar gram units 

or moles. 

Gram molecule or mole: Defined as that quantity of gas (or any substance)  having a mass 

equal to its molecular weight in grams. A gram molecule contains  6 X 1023 molecules. One mole 

of any gas at 0°C and a pressure of 760 torr,  occupies 22.4 liters of volume. The mass of 1 mole 

of gas is exactly equivalent  to its molecular weight in grams.  

 

Gram molecular volume: The volume occupied by a gram molecule of gas is  a universal 

constant; it is found experimentally to be 22.414 liters at 760 torr and  0°C. As 1 mole of any 

gas, at a temperature of 0°C and a pressure of 760 torr  occupies a volume of 22.4 liters, it is 

possible from this relationship to calculate  the molecular density of any volume of gas if its 

temperature and pressure are  known. For example, 1 cubic centimeter of air at 760 torr and 

0°C contains  2.7 X 1019 molecules; whereas at a pressure of 1 torr and a temperature of 0°C,  1 

cubic centimeter of air contains 3.54 X 10 16 molecules 
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GAS LAWS 

The gas laws (Boyle's, Charles's, Gay-Lussac's) lead to relationships of the bulk  physical 

quantities of the gas, such as pressure, volume, temperature, and the  amount of gas to one 

another. These relationships describe the behavior of a given  quantity of an "ideal" gas; an 

ideal gas is one where the volume of all the molecules is negligible compared to the volume of 

the gas, and the energy of attraction  between the molecules is negligible compared to their 

mean thermal energy. This  means that the sample of gas is dilute and is at a temperature that 

is not low  enough to condense it. Gases that are ideal at room temperature include O2, Ne,  Ar, 

CO, H2, N2, and NO. A summary of the relationships that result from apphcations of the gas 

laws to an ideal gas is provided here:  

 

Boyle's law: States that the product of pressure and volume, pW, is constant for  a given mass 

of gas at constant temperature.  

 

Charles's law: States that W/T is constant for a given mass of gas at a constant  pressure, where 

1/is the gas volume and T = the absolute temperature.  

 

Avogadro's law: States that equal volumes of gas at any gas at the same temperature and 

pressure contain the same number of molecules. From this law can  be obtained an important 

relationship between the number of moles in a sample  and the pressure the gas exerts.  

 

General gas law: The general gas law relates all four quantities needed to  describe the state of 

a gas. The general law states that  PV=nRT …………. (1)  

for a given mass of gas, where R = universal gas constant (constant of proportionality) with a 

value of 62.4 torr-liter/mole°K, and n is the number of moles in  volume V.  

This law is known as the "ideal" gas law, because it is exactly true for ideal  gases; most gases at 

reduced pressures behave as ideal gases.  

 

Dalton's law of partial pressures: The total pressure exerted by a mixture  of gases is equal to 

the sum of the partial pressures exerted by the individual  components.  

 

Partial pressure: The partial pressure exerted by any one component of a  mixture of gases is 

the pressure exerted by that component if it occupied that  volume alone.  
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Avogadro's law: Equal volumes of all ideal gases measured at the same temperature and 

pressure contain the same number of molecules.  

 

Avogadro's number: The number of molecules in a gram molecule of gas or  any substance is a 

universal constant and is 6.023 X 1023.  

 

Loschmidt's number: The number of molecules per cm3 of gas at 760 torr  and 0°C is a 

universal constant equal to 2.637 X 1019.  

For 1 mole at standard temperature and pressure (STP), P = 760 torr =  1,013,250 dynes/cm2, V 

= 22.414 liters, and T = 273.2°K, whence R = 8.31 X 107 ergs per gram molecule or in thermal 

units R/J = 1.99 cal per °K (J = mechanical equivalent of heat = 4.182 joules cal ^). In more 

tangible terms, therefore, 1.99  cal will raise the temperature of 1 mole of any ideal gas 1°K. 

Alternatively, having raised the temperature of 1 mole of any ideal gas by 1°K, the increase in 

energy of the gas amounts to 8.31 joules. 
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