AP Chemistry Unit 2

Unit 2.2 Intramolecular Force and Potential
Energy

Overview

O

Bonding (Interatomic/Intramolecular forces) - this involves
ATTACHMENTS between different atoms.

Intermolecular forces (IMFs) - this involves TEMPORARY
ATTRACTIONS between separate molecules. Unit 7

Bonding within a molecule will heavily influence the types of
attractions between separate molecules. Therefore, it makes sense
to start with bonding first
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Intramolecular forces are the forces that hold
atoms together within a molecule, forming the
chemical bonds that result in molecular structures

Types of
Intramolecular Forces

Intramolecular forces = Chemical bonds

Intramolecular forces Intermolecular forces vs.

* Attractive force btwn Intramolecular forces
Atoms

Intramolecular force
Intermolecular force

Intermolecular forces
» Attractive force btwn
Molecules
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Role of Intramolecular Forces in

Chemical Reactions

1. Bond Formation and Bond Breaking — unit 6

= Bond Formation: When new bonds are formed during a
chemical reaction, energy is released.

o This energy release occurs because the system transitions
to a more stable state with lower potential energy.

o The strength of the newly formed bonds determines the
amount of energy released.

m Stronger bonds release more energy.
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Role of Intramolecular Forces in

Chemical Reactions

1. Bond Formation and Bond Breaking

= Bond Breaking: To initiate a chemical reaction, existing bonds
must be broken.
o This process requires an input of energy, known as bond
dissociation energy.

o The amount of energy required to break a bond depends on
its strength; stronger bonds require more energy to break.

Overcoming Overcoming
intermolecular forces intramolecular forces
(changing state) (breaking bonds)
H20() 2 Hz0(g) H:0m @ 2H + O
40.6 kJ of Energy 926 kJ of Energy

The intramolecular forces of the two H-O bonds are
approximately 23 times stronger than the intermolecular forces.
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Role of Intramolecular Forces in

Chemical Reactions

2. Energy Changes — Unit 6
m Exothermic Reactions
o Reactions that release energy

o The products are typically more stable (lower potential
energy) than the reactants.

o Example: Combustion of methane

= Endothermic Reactions

o Reactions that absorb energy, as the energy that is required
to break the intitial bonds is greater than the energy
released during formation of new bonds.

o Example: Decomposition of calcium carbonate

———
Role of Intramolecular Forces in

Chemical Reactions

3. Reaction Mechanisms — Unit 4
m Transition states and Activation Energy: Energy required to

initiate a reaction

o Example: spark used to start combustion in an engine

o Catalysts: Catalysts can lower the activation energy by
providing an alternative reaction pathway with different
bond interactions. This facilitates the breaking and forming
of bonds more efficiently.
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Role of Intramolecular Forces in

Chemical Reactions

4. Chemical Equilibrium — Unit 7

= Dynamic Nature: In a reversible reaction, the formation and
breaking of bonds occur simultaneously.

5. Molecular Stability — Unit 7

Potential Energy in Intramolecular

Forces
Potential energy is energy stored within 2H;+0; ———» 2H0
the bonds that hold atoms together in a
molecule. This energy is a regsult of the 020% oooo %
attractive and repulsive forces between T«‘fz‘“ijo 1+ %%°
atoms. W o
Key Points: B chemical
o Covalent Bonds:
= Bond Length: the distance B ————————
between the nuclei of two before reaction  dwringreaction  formed
bonded atoms. Affects the bond
strength C—C C=—=C C=C
= Bond Energy: The energy 7o | aom |
required to break a bond. 7 ko e N T
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Potential Energy In Intramolecular
Forces

Potential energy is energy stored within the bonds that hold atoms together in
a molecule. This energy is a result of the attractive and repulsive forces
between atoms.

Key Points:

o lonic Bonds:

= Lattice Energy: The energy released when positive and negative ions
form an ionic compound. Higher lattice energy indicates stronger
bonds and lower potential energy within the crystal lattice.

= Coulomb’s Law: Describes the potential energy of the electrostatic
attraction between oppositely charged ions. The potential energy
decreases as the charges of the ions increase or the distance between
them decreases.

PE in Covalent Bonds:
Bond Length => Strength (review)

O The strength depends on the distance between the two nuclei, or bond
length
m  As length increases, strength decreases!!!

o The amount of energy required to break a bond is called the bond
dissociation energy
= The shorter the bond length, the greater the energy required to break it
= As the number of shared electron pairs increase the bond length

decreases & 8
| C—~C|:2

o Shorter the bond, the stronger the bond. s =
= Example thinking of breaking a pencil g" C. z

2| C 5

2 s

iy C=C ¢
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Exothermic Reaction

o An exothermic reaction more energy is released than is
required to break the bonds in the initial reactants

= Reactants —— Products + energy

= An exothermic reaction sheds heat energy as the reaction
progresses, meaning it radiates heat while it is going on.

Endothermic Reaction

Endothermic reaction  Reactants + energy — Products

o Endothermic reactions draw in and store energy in the form of chemical
bonds produced by the reaction.

o Inan endothermic reaction, the product contains more net energy than the
reactants did at the start of the process
= Basically it takes more energy to make, than you get from breaking it
apart the product

o From achemistry standpoint, there is no such thing as cold -- only an
absence of heat. Endothermic reactions draw heat energy into themselves.
As that heat leaves the surrounding area, the temperature drops.
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Energy Diagram

Exothermic Reaction Endothermic Reaction
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Bond Energy and Enthalpy (H)

o Enthalpy (H) - The heat content of a chemical reaction

= The enthalpy change (AH) is amount of heat energy
released or absorbed when a chemical rxn occurs at
constant pressure

= Bonds in reactants are broken while bonds in products are
fO rme d . Surroundings
o Energy absorbed is less than energy released in M

exothermic reaction. / \

- . \
o Energy absorbed is greater than energy released in éé
endothermic reactions. ' Mﬂ»

(@)

Entropy

Surroundings

AH = ZH reactants (energy cost) — ZH products (energy payoff) [ |

o Units are KJ/mol,, é \il
Syst

Entropy
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Bond Properties

o Bond Energy — energy required to break 1 mole of a bond in gaseous
phase.

Always positive (takes energy to break a bond)

Stronger bonds are more stable (shorter is stronger)
Exothermic = weak bonds to break and strong bonds form
Endothermic = strong bonds break and weak bonds form



