
UNIT 5:  Gas!
Section 1:  The Kinetic Molecular Theory
Section 2:  Gas Laws
Section 3:  Gas Law Stoichiometry



UNIT 5 Synapsis
In this UNIT we will explore gases conceptually and mathematically.  From there we briefly 

revisit stoichiometry and how it can be applied to products and reactants that are gasses.



Section 1:  The Kinetic Molecular Theory

This part of the Unit is covered on pages 402-405 in your textbook



Section 1:  The Kinetic Molecular Theory / Objectives
“After this lesson I can…
• …give and explain the scientific definition of temperature.
• …recall the 5 assumptions of, define, and explain, the kinetic molecular theory.
• …explain gas pressure in terms of random molecular motion & collisions.

(These objectives are covered via labs and in-class activities and are not directly instructed on in these 
notes):

• …describe how changes in Pressure, Volume, Temperature, and the amount of gas affect one another 
in gasses.

• …explain how changes in pressure, volume, temperature & the amount of gas affect one another in 
gasses by discussing the particles at the molecular level.

• …illustrate the particles of a gas at the molecular during changes in pressure, volume, temperature, 
and the amount of gas.

• …apply the K.M.T. to predict the outcome of everyday situations involving ideal gasses.



Temperature
• You are used to thinking of temperature as how hot or cold something is and that is not necessarily 

wrong.  Science, of coarse, has a much more accurate and somewhat more complicated definition of 
temperature.

• Temperature is a measure of particles motion;  literally, how fast or how slow the particles of a 
substance are moving.

• As the temperature of a substance increases, particles move faster, and as it decreases they move 
slower.

• In other words, high temperatures mean fast moving particles & low temperatures mean slow moving 
particles.

• Kinetic Energy is the energy of an object in motion.  This is true for bullets, busses, and particles like 
molecules and atoms.

• Since temperature is a measure of particle motion, then by extension it is also a measure of kinetic 
energy.  More specifically, it’s a measure of the average kinetic energy of the particles in a substance.



Ideal Gasses & STP
• Of the three physical states gases are the easiest to understand because unlike liquids and solids, gases 

all behave the same way around “normal” conditions. 
• You can think of “normal” conditions as STP and reasonably close to it.  You could also say “normal” 

conditions are any temperatures you might naturally experience here on earth.  So the hottest day in 
Sahara Africa or the coldest day in Antarctica is still “normal” conditions when discussing gasses.

• STP stands for “standard temperature and pressure”.  As the name implies, it’s a standard.  Sort of like 
a reference point.  It’s 0°C and the pressure exerted by earth’s atmosphere at sea level; 1 atm.  

• Substances that are gases around “normal” conditions are said to be ideal gases.
• So like really, anything you probably already think of as gas, is an ideal gas.



Examples of Ideal Gasses

N2 CH4 H2S

H2 C2H6 Cl2

O2 CO2 He



More on Ideal Gases
• Ideal gases have very weak intermolecular forces.  So weak, in fact, that they are negligible and can be 

ignored under “normal” conditions.
• Because the IMF’s don’t matter in gasses, they basically all “behave” or act the same way. 
• You can think of the behavior of a gas as the relationships between volume, temperature, pressure, 

and the amount of gas you have.  Like for example:
• How gases expand when you heat them.
• How a balloon expands when you fill it with gas
• How releasing pressure lowers the temperature of a gas (think about aerosol cans)
• How gases can be compressed into smaller volumes.

• Now, lets look at the Kinetic Molecular Theory which explains and summarizes the behavior of gases.



Video Time !!!

• CCC #12 Video:  “The Ideal Gas Law”
Note that in this video Hank will talk about the ideal gas law “PV = nRT”.  We will look at 
this in section 2

https://www.youtube.com/watch?v=BxUS1K7xu30


The 5 points of the K.M.T. (long version)
1. There is no force of attraction between gas particles or between the particles and the walls of the 

container. (no intermolecular forces) 
2. Gases are composed of a large number of particles that behave like rubbery, spherical objects in a 

state of constant, random, straight line, motion. 
3. Collisions between gas particles or collisions with the walls of the container are perfectly elastic. 

None of the energy of a gas particle is lost when it collides with another particle or with the walls of 
the container. Energy can be transferred from one molecule to another but the total energy of the 
system never goes down as a result of a collision. 

4. The average kinetic energy (average velocity) of a collection of gas particles depends on the 
temperature of the gas and nothing else. 

5. There is a VERY large distance between the molecules. To best illustrated this, click here to see how 
close gas particles would be together at 1,950 atm.  This is way outside normal conditions so the 
KMT doesn’t really apply at pressures this high but it does give you an idea for how far about gas 
particles are.

https://en.wikipedia.org/wiki/Kinetic_theory_of_gases#/media/File:Translational_motion.gif


The 5 points of the K.M.T. (short version)
1. Intermolecular forces between gas particles are negligible.
2. Gas particles move in constant, random, straight line motion.
3. Collisions between gas particles and collisions between particles and the walls of their container are 

perfectly elastic.
4. The Average Speed (Kinetic Energy) of all gas particles in a container is proportional to temperature 

in Kelvin.
5. Very large distance between gas particles.



Video Time !!!

• TedED video:  “Describing the Invisible Properties of Gas”

https://youtu.be/EHxdVtygP1g


Gas Pressure
• As the KMT implies gas pressure is caused by the collisions of the molecules with the walls of their 

container.
• More collisions with walls of the container = higher gas pressure.  Note that this does not nessassarily

mean there are more gas particles in the container
• Here are some real life examples of how the pressure of a gas inside a closed container can increase…

• Heating aersol can or keyboard cleaner can up causes the particles to move faster and thus collide 
with the walls of the container more often (also note they are moving faster and have more kinetic 
energy so the collision exert more force)

• Decreasing the volume of the container will decrease the space for the gas particles to move 
around in and thus increase the total number of collisions.  An example of this is something as 
simple as squeezing your empty plastic soda bottle.

• Forcing more gas particles into a paintball canister or a propane tank causes the pressure to 
increase because there are more molecules and thus more collisions with the walls of the container

• Again, note that in only one of the examples above was gas pressure increased by actually adding 
more gas particles to the container.



Video Time !!!

• TedED Video:  “How Heavy is Air?”
• TedED Video:  “History of the Barometer”

https://youtu.be/VDf00z8sMFw
https://youtu.be/EkDhlzA-lwI


Section 1 Additional Resources & Links…
• Tyler Dewitt video:  “Gas Pressure:  The Basics”
• Tyler Dewitt video:  “The Kinetic Molecular Theory of Gas Part 1”
• Tyler Dewitt video:  “The Kinetic Molecular Theory of Gas Part 2”

https://youtu.be/zvh9uv2Hxx4
https://youtu.be/fIMdIMACyN4
https://youtu.be/apOSDqZd6Fg


Section 2:  Gas Laws

This part of the Unit is covered on pages 442-456 in your textbook



Section 2:  Gas Laws / Objectives
“After this lesson I can…
• …determine when to use the combined gas law and when to use the ideal gas equation.”
• …convert between celcius & kelvin temperature scales.
• …solve problems involving the Combined Gas Law”
• …solve problems involving the Ideal Gas Equation”
• …give some of the basic mistakes that students make when solving gas law problems and how to 

avoid them.”



Gas Law Basics
• Before we begin there are a couple of things you need to keep in mind when solving gas law 

problems.
• The most important thing is when to use which gas equation.  There are basically two gas equations 

that you need to worry about in Chemistry B (In reality they are the same equation but we won’t 
worry about the calculus in this class)

• The first equation is the ideal gas equation and it is used when everything is constant:
PV = nRT

• The second equation is the combined gas law and it is used when something is changing:

• Whenever you are solving either equation your temperature must ALWAYS be in Kelvin.
• If the problem gives you the temperature in Celsius and wants your answer in Celsius, you have to 

convert it to Kelvin first, and then convert it back into Celsius at the very end.



Mr. Swietlik’s 7 Steps to Gas Law Problem Success
1) Gather information & Identify your variables (what do you know? What are you trying to find? What, if 

anything, is changing and what is remaining constant?). 
2) Select equation 

Variables changing = Combined Gas Law 
All variables are constant = Ideal Gas Equation

3) If using the combined gas law, cross off your constant variables.  (if a variable is not specifically mentioned, you 
may assume it’s constant) 

4) Check units. (Temperature must always be in Kelvin, Pressure and Volume units must be consistent for the 
combined gas Law, Pressure needs to match the value of R for the Ideal gas equation) 

5) Make prediction (if you can). 
6) Algebraically solve for your unknown variable. 
7) Check to see if your answer corresponds with your prediction
Note:  These steps won’t always work if stoichiometry is involved.



The Combined Gas Law
• As mentioned in a video earlier, The combined gas law combines the laws of Boyle, Charles, and Gay-Lussac.
• Some teachers make students memorize each of the 3 laws and the name that is associated with it. Really, the 

combined gas law is the only one that needs to be memorized because you can get the other 3 laws from it by 
crossing of a variable if it’s constant. 

• The combined gas law looks at changes in gases over time when the moles of the gas remains constant 
• The Combined Gas Law: 

• P1 = the starting pressure & P2 is the ending pressure 
• V1 = the starting volume & V2 = the ending volume 
• T1 = the starting temperature & T2 = the ending temperature. 
• To summarize, the combine gas law looks at how changes in one variable will effect changes in another variable. 



Practice Problems:  The Combined Gas Law
“A sample of oxygen gas at 35.0°C is contained in a balloon with a volume of 45.0 liters.  What will the volume of 

the balloon be if the temperature is dropped to 0.0°C?”

“When extended, a bike pump has a volume of 0.852 L at standard pressure.  What is the pressure (in mm Hg) 
when the pump is compressed to a volume of 0.325 L?   The temperature remains constant.”



Practice Problems:  The Combined Gas Law
“A metal canister of compressed air like the ones used to clean keyboards has a pressure of 6.7 atm at room 
temperature (22 C).  Suppose an idiot throws the canister into a bonfire where the temperature increases to 500 

C, what is the new pressure?”

“A balloon is placed into a pressure chamber.  Its volume and pressure are 0.957 L and 860 mm Hg.  The 
temperature of the chamber is 47°C.  What is the balloon’s new volume if the chamber’s pressure is decreased to 505 

mm Hg and the temperature drops to 33°C.”



The Ideal Gas Equation; PV = nRT
• This equation is used when 3 of the 4 factors are known, and you trying to find the fourth. The Ideal gas law 

looks at gases when EVERYTHING is constant 
P = pressure (Lots of pressure units are used, make sure you match R to the correct pressure unit) 
V = volume (In Liters) 
n = moles 
R = Gas constant (could be 8.314, .082, or 62.4 depending on your pressure unit) 
T = Temperature (must be in Kelvin) 

• So if you know how many moles of a gas you have, what temperature it’s at, and how much volume it occupies, 
then the ideal gas equation can be used to find the pressure. 

• Similarly, if the volume, temperature, & pressure are known, the ideal gas equation can be used to find the moles. 
• Or if you know the temperature, pressure, and number of moles you can find the volume.



PV = nRT



Pressure & Volume Units When Using the Ideal Gas Equation
• Whenever you use the Ideal Gas Equation Volume must ALWAYS be in Liters.
• The Unit you are using for pressure must match you R value.
• If you are converting your pressure into atmosphers every time, then R = .082.
• However, if your just going to leave the pressure in whatever it is in, you have to make sure you are using the 

right R value.  R Values are on the back of your periodic table and listed below:
If you’re in atm: R = .082 L·atm/K·mol

If you’re in kPa: R = 8.314 L·kPa/K·mol
If you’re in mm Hg:  R = 62.4 L·mm Hg/K·mol



Practice Problems:  The Ideal Gas Equation
“ .5 moles of N2 has a volume of 13 Liters and is at a temperature of 252 K.  What is the pressure in atmospheres of 

the N2?” 

“ What volume does 5 moles of a gas occupy at STP?”



Practice Problems:  The Ideal Gas Equation
“ If a gas occupies a volume of 29.12 L at -55 °C and a standard pressure, how many moles of gas are there?”

“ Suppose 3.1 moles of CO2 is at a pressure of 1,400 kPa and the temperature is 350 K.  How many liters of CO2
are there?



Practice Problems:  The Ideal Gas Equation
“What volume will 60 grams of Xenon occupy if its at STP?”

“A sample of O2 is found to occupy 365 mL at 22.0°C and 740.0 mm Hg, how many grams of Oxygen Gas are 
there?



Video Time !!!

• CCC #13 Video:  “Ideal Gas Law Problems”

https://www.youtube.com/watch?v=8SRAkXMu3d0


Section 2 Additional Resources & Links…
• Tyler Dewitt’s video:  “Converting between moles and Liters of a gas as STP”
• Tyler Dewitt’s video:  “Combined Gas Law”
• Tyler Dewitt’s video:  “Ideal gas Law Problems with molar mass”
• Tyler Dewitt’s Video:  “Ideal Gas Law Practice Problems”
• Khan Academy Video:  “Ideal Gas Equation”
• Khan Academy Video:  “Ideal Gas Equation Example 1”
• Khan Academy Video:  “Ideal Gas Equation Example 2”

https://www.youtube.com/watch?v=Y8e7T09SKZ0
https://www.youtube.com/watch?v=bftkRnTcFj8
https://www.youtube.com/watch?v=0VaupcMr3oQ&index=12&list=PLz8VX_lVZkWcGZr61LHEkAS_hXbbAsIHo
https://www.youtube.com/watch?v=TqLlfHBFY08&spfreload=10
https://www.youtube.com/watch?v=WScwPIPqZa0
https://www.youtube.com/watch?v=erjMiErRgSQ
https://www.youtube.com/watch?v=GwoX_BemwHs


Section 3:  Gas Law Stoichiometry

This part of the Unit is covered on pages 460-464 in your textbook



Section 3:  Gas Law Stoichiometry / Objectives
“After this lesson I can…
• …solve stoichiometry problems that involve gasses.”



Gas Law Stoichiometry
• Now that we know how to convert moles to volume of a gas using PV=nRT (or the short cut using 1 mol = 22.4L if 

your at STP), we can calculate theoretical yields in Liters of gas.  Or we can find out how many liters of gas we 
need to make a desired amount of product ect…

• Basically it’s the stoichiometry problems we learned how to solve in UNIT 4 but now we will have to convert to 
liters of gas at the beginning or the end instead of grams. 



Practice Problems:  Gas Law Stoichiometry
“Suppose  1.9 moles of C9H20 reacts with an excess of Oxygen gas.  What is the theoretical yield of CO2 in Liters if 

the reaction occurs at STP?
C9H20(l) + 14 O2(g)  9 CO2(g) + 10 H2O(g)



Practice Problems:  Gas Law Stoichiometry
“If 275 grams of N2O5 breaks down, what volume of NO2 will be produced if the reaction occurs at a pressure of .90 

atm and a temperature of 22 °C?
2 N2O5(g)   4 NO2(g)  + O2(g)



Practice Problems:  Gas Law Stoichiometry
“If you have 200 grams of Titanium react with 200 grams of HNO3, what is the theoretical yield of Nitrogen 

Monoxide in Liters?  The reaction happens inside a container at a pressure of 5,000 kPa and 900 K.  What is the 
limiting reactant?”

3 Ti + 8 HNO3  3 Ti(NO3)2(aq) + 2 NO(g) + 4 H2O(l)



Practice Problems:  Gas Law Stoichiometry
“If you want to synthesis 200 L of Ammonia, how many Liter of N2 & how many Liters of H2 will you need?  The 

reaction occurs at a temperature of 850 °C and pressure of 22 atm”
N2(g) + 3 H2(g)  2 NH3(g)



Section 3 Additional Resources & Links…
• Tyler Dewitt’s Video:  “Gas Stoichiometry Equations: Part 1”
• Tyler Dewitt’s Video:  “Gas Stoichiometry Equations: Part 2”
• Chem Academy Video:  “Gas Stoichiometry Explained”

https://www.youtube.com/watch?v=wUckvmyvMi8
https://www.youtube.com/watch?v=qvOVXg24Npo&index=17&list=PLz8VX_lVZkWcGZr61LHEkAS_hXbbAsIHo
https://www.youtube.com/watch?v=-bpqazEO8ac
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