
Core UNIT 5:  Modeling Chemical Change
Section 1:  Balancing Chemical Equations

Section 2:  Reaction Rates & Chemical Kinetics



Core UNIT 5 Synapsis
In our first unit we will begin our exploration of matter by reviewing some of the properties of 

matter and how they can be classified.  Since properties of matter are very often measurable, how to 
express precision in measurements using significant figures will be the focus of the 2nd part of the unit.  
From there we will look at the various ways that matter can change.

In the last two parts of the unit we will narrow our focus to chemical change and look broadly at 
a few of the most common categories of chemical change.  Finally, we will look at how the law of 
conservation of matter is observed during chemical changes.



Section 1:  Balancing Chemical Equations



Section 1:  Balancing Chemical Equations / Objectives
After this lesson I can…

• …label the parts of a chemical equation.”

• …balance a chemical equation.”

• …create a simple but accurate model of chemical change that reflects the coefficients in the 
equations and the lewis structures of the molecules.”



Chemical Equations
• One of the most important models in chemistry are chemical equations.  Chemical equations provide 

information about the reactants and the products.

• Here are a few chemical equations for  chemical reactions you might be familiar with:

• Octane or gasoline reacts with air:

• 2 C8H18(l) + 25 O2(g)→ 16 CO2(g) + 18 H2O(l)

• A plant uses photosynthesis to turn carbon dioxide and water into oxygen and sugar:

• 6 CO2(g) + 6 H2O(l) → C6H12O6(s) + 6 O2(g)

• A piece of Iron rusts:

• 4  Fe(s) + 3 O2(g) → 2 Fe2O3 (s)

• Note that the same elements are in the products and reactants, they are just combined in different 
ways.

• On the next slide, all of the parts of a chemical equation are identified and labeled.



Parts of a Chemical Equation



The Law of Conservation of Mass
• The law of conservation of mass states that in any type of change, matter cannot be created or 

destroyed.  Another way of saying this is that the total amount of matter in the universe is constant.

• One of the things this means is that chemical equations must be balanced.

• A balanced chemical equation has the same number of atoms going into and out of the equation.  

• If an equation is presented in it’s unbalanced form, it can be balanced by inserting coefficients in front 
of the chemical formulas.  If a chemical formula does not have a coefficient in front of it, the coefficient 
is 1.

• When balancing, you must NEVER alter the chemical formulas.  You can only change or add 
coefficients in front of the chemical formulas.



Video Time !!!

• TedED Video:  “The Law of Conservation of Mass”

https://www.youtube.com/watch?v=2S6e11NBwiw&vl=en


Examples of a Chemical Equation in it’s Unbalanced and Balanced Forms (#1)



Examples of a Chemical Equation in it’s Unbalanced and Balanced Forms (#2)



Examples of a Chemical Equation in it’s Unbalanced and Balanced Forms (#3)



Examples of a Chemical Equation in it’s Unbalanced and Balanced Forms (#4)



Examples of a Chemical Equation in it’s Unbalanced and Balanced Forms (#5)



Balancing Equations Tips
1) Balance oxygen last.

2) Only whole numbers are allowed, but if you end up with half a number, you can get yourself out of 
that situation by doubling ALL the coefficients in the equation.  (if you end up with .25 you can get 
yourself out of that situation by quadrupling all coefficients)

3) Take your time.  Balancing is a skill that takes practice but with enough patience an answer will be 
found.



Section 1 Additional Resources & Links…
• pHET simulator game on Balancing Equations

• WikiHow on balancing chemical equations.

• Khan Academy Video: “Balancing Chemical Equations.”

• Tyler Dewitt’s Video: “Introduction to Balancing Chemical Equations”

• Tyler Dewitt’s Video: “Balancing Chemical Equations Practice Problems”

https://phet.colorado.edu/en/simulation/balancing-chemical-equations
http://www.wikihow.com/Balance-Chemical-Equations
https://www.khanacademy.org/science/chemistry/chemical-reactions-stoichiome/balancing-chemical-equations/v/chemical-reactions-introduction
https://www.youtube.com/watch?v=yA3TZJ2em6g
https://www.youtube.com/watch?v=eNsVaUCzvLA


Section 2:  Reaction Rates & Chemical Kinetics



Section 2:  Reaction Rates & Kinetics
After this lesson I can…

• …Define reaction rates and give examples of fast and slow chemical reactions

• …use the K.M.T. to help explain collision theory and define activation energy.

• …illustrate collision theory.  Eliminated because of snow day

• …recall that increasing temperature, concentration or surface area makes reactions happen faster and 
explain why using the KMT and collision theory.

• …label the parts of a reaction progress diagram and identify if it represents an endothermic or 
exothermic reaction.

• …analyze & draw conclusions about two reaction progress diagrams showing the same reaction before 
and after a change takes place. Eliminated because of snow day

• …Explain what a catalyst is and how it affects reaction rates



Reaction Rates
• A reaction rate is like any other rate, it is how fast or how slow something goes.  In this case we’re 

looking at chemical reactions.

• Like how fast you are going and heart beats, reaction rates can be expressed as change over time.  In 
other words, it’s:

(insert thing that’s changing) per (insert appropriate time unit)

• Speed:  change in distance  over the change in time

• Example:  miles traveled per hour

• Heart rate:  number of beats over the change in time

• Heart beats per minute

• Chemical Reaction Rates are how much of your product is being formed over a change in time.  Fast 
ones your change in time could be seconds, slow ones your change in time could be hours.

• How much of your product could be liters or it could be grams but most often it’s a concept called 
moles which we didn’t talk about.



Examples of Fast and Slow Reactions
• Slow ones:

• Something rusting.

• Food rotting.

• Diamonds forming in the Earth.

• Hydrogen peroxide decomposes in sunlight to form water and oxygen.

• Decomposition of a dead animal.

• Fermentation of  Beer & Wine.

• Fast ones:

• Anything burns.

• A Hydrogen balloon explodes.

• A light bulb turns on.

• Sodium reacts with water.

• Your body metabolizes food.

• Vinegar is mixed with baking soda.



Collision Theory
• According to collision theory, In order for most chemical reactions to take place certain conditions 

must be met:

1) The molecules must be capable of reacting with each other in the first place.  N2 for example 
will not react with Fe under virtually any conditions. 

2) The molecules must collide.

3) *The molecules must collide with enough kinetic energy, called the activation energy. 

4) *The molecules must collide in the proper orientation (at the correct angles)

• If all of these conditions are met, then a “successful collision” or “effective collision” occurs; bonds 
get re-arranged to form products.

• Collison Theory helps to explain how reactions happen fast or slow.



Collision Theory Model #1

Image Credit:  



Collision Theory Model #2

Image Credit:  



Factors That Affect Reaction Rates
• There are five factors that effect chemical reaction rates that we are going to worry about.

• The five factors are:

• Temperature

• Concentration

• Surface Area

• Addition of a Catalyst

• Decreasing volume/Increasing Pressure (only in gasses)

• The reason why these things affect reaction rates can all be understood if you understand collision 
theory



Video Time !!!

• Fuse School Video:  “Collision Theory and Reactions Part 2”
• TEDed Video:  “How to Speed up a Reaction and Get a Date”

https://www.youtube.com/watch?v=Eikf0VwtoxQ&t=24s
https://www.youtube.com/watch?v=OttRV5ykP7A


Temperature

increasing temperature = faster reaction rate.

• Examples:

• Putting food in the refrigerator slows down the spoilage.

• Light sticks glow brighter in boiling water than ice water

• The Why:  Increasing temperature increases the speed (kinetic energy) of the molecules.  This in turn 
increases the likelihood that molecules will collide with enough activation energy and it makes them 
collide more often as well.



Surface Area

increasing surface area = faster reaction rate

• Examples:

• Cutting  or crushing virtually any reactant into smaller pieces will cause the reaction to go faster.  

• The Why:  Increasing the surface area increases the number of places where collisions can take place 
and as a result more collisions happen.  More collisions means more successful collisions.



Concentration

increasing concentration = Faster reaction rate

• Example:

• HCl in water will react with Zinc but the water molecules will not.  So the Higher the Molarity of 
the HCl solution the more often HCl molecules collide with the Zinc and react.  Recall the 6 M vs. 
1 M demonstration done in class. 

• The Why:  Think about reactions that happen in water.  If the concentration of the reactant is low, than 
there are A LOT more water molecules than reactant molecules.  Thus, there are more water molecules 
to literally block reactant molecules from colliding.  By increasing the concentration you reduce the 
amount of solvent molecules that can block successful collisions.



More Activation Energy
• activation energy is the minimum amount of energy needed for a collision to result in a reaction.  

• Remember that temperature is the average speed of the particles.  At any given temperature, the 
individual particle speeds have a wide range.  Since the individual particle speeds vary, the energy of 
the collisions between any 2 particles will vary as well.

• If the activation energy is higher, than only a small percentage of collisions will result in a reaction.  

• If the activation energy is lower, than a much larger percentage of collisions will result in a reaction.

• Rusting has a very high activation energy.  This is why it is a very slow process.  Most of the Oxygen 
molecules that collide with the iron atoms of the surface of an object made of iron will not result in a 
reaction.  Only a very small percentage will.

• Conversely, burning has a much lower activation energy and this is why it is a very fast process.  
Most of the Oxygen molecules that collide with carbon compounds on the surface of a wood or 
flammable object will result in a reaction.  Only a very small percentage will not.



Adding a Catalyst

Addition of a catalyst = faster reaction rate

• Catalysis is the increase in the rate of a chemical reaction due to the participation of a substance called 
a catalyst.  The catalyst works by lowering the activation energy.

• A catalyst is not a reactant, it is not consumed in the reaction and therefore it can be used over and 
over again.

• It is often written into a chemical equation by being placed above the arrow.

• Catalysts play an important biological role, in fact life could not be possible without them

• All Enzymes, which are a type of protein, are biological catalysts.



Reaction Progress Diagram Example #1

Image Credit:  



Reaction Progress Diagram Example #2
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Reaction Progress Diagram Example #1

Image Credit:  



Video Time !!!

• Fuse School Video:  “Collision Theory and Reactions Part 2”
• TEDed Video:  “How to Speed up a Reaction and Get a Date”

https://www.youtube.com/watch?v=Eikf0VwtoxQ&t=24s
https://www.youtube.com/watch?v=OttRV5ykP7A


Section 2 Additional Resources & Links…


