
Review #6:  Kinetic Molecular Theory of Matter and the Gas Laws 
 

1. Definitions: 

a) The Kinetic Molecular Theory (KMT) is a theory that states that all matter is made up of tiny 

particles (either atoms or molecules) and that these particles are in constant motion. 

b) Kinetic Energy is the energy that objects have due to their motion.  As the amount of motion of an 

object increases, kinetic energy also increases. 

c) Potential Energy is the energy that objects have due to their position.  As the amount of space 

between two objects increases, their potential energy (relative to each other) also increases. 

d) Temperature is a measure of the average kinetic energy of the particles in a substance.  The 

Kelvin scale is a measure of the absolute amount of motion the particles have, such that zero 

Kelvins (absolute zero) means zero motion of the particles. 

e) STP refers to Standard Temperature and Pressure, and this has been defined as exactly 0ºC and 

101.3 kPa pressure. 

f) SATP refers to Standard Ambient Temperature and Pressure, and this has been defined as exactly 

25ºC and 100 kPa pressure.  Room conditions are approximately equal to SATP. 

g) Absolute zero is the temperature at which all motion stops. Absolute zero is defined as 0 K and is 

equivalent to approximately -273ºC. 

h) A heating curve is a graph that shows how temperature changes over time when a substance is 

heated.  In the regions of the graph where the temperature of the substance does not change, the 

state of the substance is changing (so the potential energy of the particles is increasing). 

i) A cooling curve is a graph that shows how temperature changes over time when a substance is 

cooled.  In the regions of the graph where the temperature of the substance does not change, the 

state of the substance is changing (so the potential energy of the particles is decreasing). 

j) Sublimation is the change of state from a gas directly to a solid, or a solid directly to a gas. 

k) Condensation is the change of state from a gas to a liquid.  

l) Evapouration is the change of state from a liquid to a gas.  Boiling is the rapid change of state from 

liquid to a gas, but liquids do not need to boil to evapourate. 

m) Freezing is the change of state from a liquid to a solid. 

n) Melting is the change of state from a solid to a liquid. 

o) Boyle’s Law states that the volume of a gas varies inversely with pressure, when the temperature 

and number of moles of gas are held constant.   (P1V1 = P2V2) 

p) Charles’ Law states that the volume of a gas varies directly with temperature (in Kelvins) when 

the pressure and number of moles of gas are held constant.   (V1 / T1   =    V2 / T2) 

q) Dalton’s Law of Partial Pressure states that the total pressure exerted by a mixture of gases is 

equal to the sum of the partial pressures exerted by each of the gases making up the mixture. 

 



Background for Question #2: 

The Kinetic Molecular Theory, as it applies to gases, has five basic premises: 

• All matter is composed of tiny particles, either atoms or molecules.  In the gas state, these particles 

are far apart relative to their size.  The volume of the particles themselves is negligible (almost 

zero). 

• In the gas state, the particles are in constant random, straight-line motion.  The motion follows the 

normal laws of physics. 

• The kinetic energy of these particles depends on the temperature of their surroundings.   The higher 

the temperature the greater the average kinetic energy of the particles. 

• The forces of attraction between molecules depend on the inter-molecular attraction between the 

particles.  There is essentially no attraction between the particles of a gas.  

• The collisions of gas particles are perfectly elastic.  There is no energy lost or gained in these 

collisions. When the gas particles collide with the sides of the container, they produce pressure.  

The more collisions that the gaseous particles have with the sides of the container, the higher the 

pressure of the gas. 

 

2a)   Gases are much less dense than either liquids or solids because the particles in a gas are so far 

apart.  In a solid or liquid, the particles have almost no space in between them- they are tightly 

packed so there is a lot of matter in a small space (high density).  In a gas, the particles have a 

huge amount of space in between them, so there is very little mass in a large volume, and the gas 

has very low density. 

2b)  In a solid, the inter-molecular attraction between the particles is very high, and this holds the 

particles very close together.  Because the particles in a solid are close together, there is almost no 

space in between them, so the particles can not be pushed any closer together.  For this reason, 

solids can not be significantly compressed.   

2c)  When a gas is heated, the particles gain energy and move more quickly; that is, the average kinetic 

energy of the particles will increase.  Because the particles are moving more quickly, they hit the 

sides of the container more often and with more force.  If the container is made of a material that 

can expand (such as a balloon), then the extra energy of the particles will cause the container to 

expand, and the volume of the container will increase.  (If a gas is heated in a rigid container, then 

the pressure of the gas inside the container will increase, but the volume will not change.)  

3. When a substance is pure, it will melt at a sharp, defined temperature.  The temperature at which a 

pure substance changes state from a solid to a liquid is called its melting point and it is a physical 

property of that substance.  During the time that a pure substance is melting, its temperature will 

not change until all of the substance has changed state.  Impure substances tend to melt over a 

range of temperatures; that is, the temperature will change during the change of state.  So, by 

testing the melting point of a substance, if the temperature of the substance remains constant during 

the change of state, then the substance is likely very pure. 

4. When a gas is cooled, the average kinetic energy of the particles is decreased.  This tells us that the 

particles are moving more slowly.  If there is no change in the volume of the gas, then we know 

that the particles are the same distance apart- they are just moving more slowly.   They will still fill 

their container, but they will be exerting less pressure because they will not be hitting the sides of 

the container with as much force. 



5. When the temperature of a substance increases, the  kinetic (potential/kinetic) energy of the 

substance increases (increases/decreases). 

 

6. When a substance changes state from liquid to gas, the  potential  (potential/kinetic) energy of the 

substance increases  (increases/decreases). 

 

7. When a substance changes state from gas to solid, the  potential  (potential/kinetic) energy of the 

substance decreases  (increases/decreases). 

 

8.a)   95.0 kPa =   713 mm Hg 

b)     14.0 PSI = 94.5 kPa 

c)     175 
o
C = 448 K  

d)   273 K = 0 
o
C 

 

 

9. To what temperature (in ºC) must a gas be cooled at constant pressure so that it will occupy half of the 

volume it occupies at 100ºC? 

 

 To halve the volume you have to halve the temperature, but it is the Kelvin temperature that must 

be halved.  Therefore, convert 100ºC to 373K, then divide this temperature in half. So the 

temperature must be reduced to 186.5 K, which is equivalent to –86.5ºC.  
  

10.   Calculate the volume of 1.00 mol of chlorine gas, Cl2, at STP.                 (22.4 L) 

 

 Use PV = nRT, where P = 101.3 kPa, T = 0ºC (273 K), n = 1.00 mol and R = 8.31. 

  
 

11. What is the volume of 250.0 g of hydrogen gas, H2, at 25
o
C and 100.0 kPa?     (3065 L) 

 

12. At what Celsius temperature will 10.0 grams of ammonia, NH3, exert  

700.0 mmHg pressure in an 8.0 L container?      (–120ºC) 
 

13. 10.0 g of gas occupies 8.00 L at STP.  What volume would this gas  

  occupy at 273
o
C and 160.0 kPa?           (10.1 L) 

 

14. A gas measuring 0.50 L at 99.0 kPa and 87
o
C is heated to 127

o
C inside  

a rigid container that can not expand.  What is the new pressure of the gas?     (110 kPa) 
 

15. A technology called “MAP” (Modified Atmospheric Packaging) is used  

to increase the shelf life of meat products.  One of the mixtures of gases  

used for MAP is nitrogen at a partial pressure of 83.6 kPa and carbon  

dioxide at a partial pressure of 26.4 pKa.  What is the total pressure of  

the gases in the package?         (110 kPa) 

 

  


