TOPIC Collision Theory T
81 What needs to happen for a reaction to occur?

Chemical changes create new substances from old ones. To do that, old bonds need to get broken and new
“ands need to get formed.

Breaking bonds &hF)O'i’bG’/l’el{'}LUf'(Senergy; makingbonds_ Y 7|7 (S¢S energy

When we thought about chemical bonding, we looked at how electrons move when bonds are made:

Sharing electrons: C ova ‘ (/ﬂ_l' bond
Transferring electrons: 10 ,i C bond
“Sea” of electrons: nm ¢ tallc bond

However, all this electron movement doesn’t take place automatically—the setup needs to be right.
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TOPIC Factors that Affect Rate of Reaction
8.2 How can we speed up reactions?

We will use this video: https://youtu.be/OttRV5ykP7A to fill in the following table.

What do | need to do
to speed up a
chemical reaction?

Why does this work?

- How does the new hypothetical school

design change to increase the chances
of getting a date to the dance?
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TOPIC Potential Energy Diagrams
8.3 How can we model graphically reaction rates?

As chemical reactions take place, the changes that occur are the result of breaking old bonds and forming new
es. We already know a bit about that:

Breaking bonds (,\ b(')OY b‘f? energy; making bonds e l( ases energy

The type of energy associated with chemical bonds is D C‘*Mh CJ energy. One of the
more useful graphs in chemistry tracks the changes in the dotential energy of a chemical system as a reaction
takes place:
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Task: Draw and label the PE diagram of an endothermic reaction. Add a dotted line on the diagram to show the
effect of adding a catalyst to the reaction.

Endothermic: energy (heat) i {,lddld _ 80 PEP > PER

Catalysts speed up reactions without affecting the reactants or products themselves. Therefore, they work by
'wering the .
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TOPIC Reaction Reversibility
8.4 Can chemical changes be reversed?

Imagine a PE diagram as a very simple roller coaster; now imagine riding it in reverse. It takes a bit of
1gineering prowess and some energy to make it happen, but it can be done.

The same thing is true of chemical reactions. Just as physical changes are reversible (you can melt some ice,
and then freeze it again), many chemical changes are reversible:

The reaction _shown is
L.X0 thermic

Endo or exo?

If the reaction is running in the forward direction
(reactants = products), the activation energy is
represented by letter

Potential Energy

If the reaction is reversible and is running in the
reverse/backwards direction (products =

: . reactants), the activation energy would be
Reaction Coordinate represented by C

¥

“'ow do we represent all that chemically? We’'re going to need a new arrow@
” ‘.-\r’—"—--—-.‘_____,’
Na,COs - + CaCl, &2 2NaCl + CaCOs

Forward reaction: N(\Z LU';’) TL"“L\Z —— 'A NaCl Ch(’ o
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Reverse reaction: 2 nNaCl + Ca (,U:j _% Nﬂl(/ufﬁ T LC&CJZ

e
An[cz;g’g}hermic reaction is reversible.
1. Draw a possible PE diagram to represent the change.
2. Compare the activation energy of the forward and reverse reactions
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TOPIC Table I: Heat of Reaction
8.5 How can we manipulate how much heat is absorbed or released?

Potential energy diagrams provide a nice way of showing whether a reaction is endothermic or exothermic.

amember that we can also...

1. FEEL whether a change is endo- or exothermic
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2. LOOK UP whether a change is endo- or exothermic on Table
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System
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o Surroundings get warmer
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Potential Energy
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Which letter represents the potential energy contained in the reactant molecules? A

Which letter represents the potential energy contained in the product molecules? >
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Choose a chemical reaction (not a physical change!) from Table | that could be described by this PE

This PE diagram could represent:

2 Cola) + 0,(q) —=> 200, (s

Which letter represents the activation energy of the reaction? ?)

Which letter represents the heat of reaction?

i ' 257
What is the quantity of heat released when _- mole(s) of product is made? 222
What is the quantity of heat released when 5 moles of product are made?
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TOPIC Entropy
@8 Does “nature” have a preference for the direction a reaction proceeds?

If many reactions can be reversed, what motivates a chemical reaction to try to proceed at all? Laziness,
‘entially. The “goal” of a reaction system is to get its products to be less prone to change. That goal has 2

components:

1. Energy: Create products with low potential energy (“lazy”)
From an energy perspective, explain why exothermic reactions tend to be more favorable than endothermic
ones. State evidence from a PE diagram to support your answer.
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2. Entropy: Create highly disordered (“messy”) product particles

What makes particles “messy”?
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TOPIC Dynamic Equilibrium
S How can we describe a chemical reaction that moves forwards and backwards?

All reversible changes eventually reach a “balanced” state called

Q,cl‘;f,uhhm‘m .

Equilibrium in chemistry has to do with finding balance. Forward and reverse reactions will battle it out until,
eventually, both reactions are happening at the same speed and no overall change is seen.

. e
When in dynamic equilibrium, the rate of the forward reaction C ()1 WALS the rate of
the reverse reaction. The concentration of the reactants and products are 0 ONSTINT .
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Dissolving is a reversible change, can it reach dynamic equilibrium? i,“‘“*": “;a 3‘
Sure. A saturated solution maintains a constant concentration of dissolved solute through an "%“

equal exchange rate of dissolved and undissolved particles. It’s called... ]

Solunon 2qullibriwm Y

U

Saturated solution

Boiling/melting are reversible changes, can they reach dynamic equilibrium?-
Sure. Just hold the substance at constant temperature in a closed container and you’ll have

constant amounts of liquid and gas (or solid and liquid) with an equal exchange rate between the
two. It’s called...
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TOPIC Le Chatelier’s Principle L 1= concertratio
83 What happens when a stress is applied to a chemical equilibrium?

“When a stress is applied to a system, the reaction will try to shift in a direction that will relieve the stress!”

Stress 1: CONCENTRATION OF REACTANTS/PRODUCTS -
Rate of reaction trend: Increasing the concentration of a substance INCrEAses its rate of
reaction.

N2(g) + 3Ha(g) @ 2NHs(g)

Example: Add more N to the system

l
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Example: Remove H; from the system
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Stress 2: (“concentration of”) TEMPERATURE/HEAT ENERGY
Rate of reaction trend: Increasing the temperature of a system INUEAsSeSs the rate of
reaction.

Na(g) + 3Hig) 2 2NHs(g) + &Gy

Example: Increase the temperature of the system

shifd lef4 N
SR [veactants] T
Stress Response
M l; %l [vHy]1

Stress 3: (“concentration of”) PRESSURE OF GAS , o
Rate of reaction trend: Increasing the pressure on a gas INCKHEASL S the rate of reaction.

Pvegsum Nz(g) + 3Ha2g) 2 2NHs(g)

Example: Increase the pressure on the system
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BTW —> Catalyst - Increases the forward and reverse rates , 50 there will be NO shift in the system!
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TOPIC Conservation in Chemical Change
— What stays the same over the course of a chemical reaction?

e have discussed a LOT of different changes that take place when chemical reactions occur:

e Bond breaking and bond forming e Forward and reverse rates
e Absorbing and releasing energy e Concentrations of reactants and products...
e Increasing (or decreasing) entropy o

You get the point. But even as so many things change, THREE things always remain constant (are conserved):
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