Week 7

Fast and Slow Chemistry

What is chemical energy (of a substance)?
The sum of the potential (stored) energy and the kinetic (movement)
energy.
These energies result from events such as:
•
•
•
•
•

attractions between electrons and protons
repulsions between nuclei
Repulsions between electrons
Movement of electrons
Vibrations of and rotations around bonds

The chemical energy of a substance is called its heat content or enthalpy (H)

Energy changes during reactions
The total chemical energy of the products might be
less than the energy of the reactants. The difference
in energy between the reactants and products is
released into the environment. This is an exothermic
reaction.

The total chemical energy of the products might be
greater than the energy of the reactants. Energy
must be absorbed from the environment around the
reactants for the reaction to occur. This is an
endothermic reaction.

The energy released or absorbed during a chemical
reaction is called the heat of reaction (∆H) where:
∆H = H(products) – H(reactants)

Activation energies
For exothermic reactions ∆H will be negative i.e. ∆H < 0
For endothermic reactions ∆H will be positive i.e. ∆H > 0
Thermochemical equations
These show the energy released or absorbed during a chemical reaction.
Energy is measured in Joules (J) or Kilojoules (kJ)
∆H has the units J mol-1 or kJ mol-1
Photosynthesis
6CO2 (g) + 6H2O (l) → C6H12O6 (aq) + 6O2 (g); ∆H = +2803 kJ mol-1
Combustion of glucose

Combustion of natural gas
CH4 (g) + 2O2 (g) → CO2 (g) + 2H2O (g); ∆H = -890 kJ mol-1
Why doesn’t methane gas combust
spontaneously when it comes into contact with
oxygen? Why must a spark or match be required?
In a reaction:
• Bonds in the reactants must be broken.
Energy is required for this.
• As products are formed new bonds are made.
Energy is released during this formation.
The energy required to break bonds of reactants
so that reactions may proceed is called the
activation energy (EA).

C6H12O6 (aq) + 6O2 (g) → 6CO2 (g) + 6H2O (l); ∆H = -2803 kJ mol-1
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Making reactions go faster

Increasing the surface area of solids

In manufacturing maximizing chemical reactions rates is an important
consideration for processes to be profitable.

In a solid only the particles at the surface can participate in a reaction.
Crushing a solid into smaller particles means that more particles are present
at the surface e.g.

Collision theory
For reactions to occurs reactants must collide with sufficient energy to
overcome the activation energy barrier.
The rate of a chemical reaction is dependant on the proportion of
‘successful’ collision where the energy of collision is greater than the
activation energy.
There are 4 main ways in which reaction rates can be increased:
• Increasing the surface area of solids
• Increasing the concentration of reactants in solution (or pressure of
gases)
• Increasing the temperature
• Adding a catalyst

in sherbet, fine-grained powders are used
to create a fast reaction between malic
acid and sodium hydrogen carbonate.
The surface area of solid reactants in fireworks are
chosen for particular effects. Finely divided aluminium
confined in a shell explodes violent. If larger pieces are
used, the reaction is slower and sparks from burning
metal are seen.

Increasing the concentration of reactants

Extending collision theory

With more particles in a given volume of solution, the frequency of collisions
is increased and so more successful collisions occur.
Acid rain is an example of the effect of concentration.

The effect of temperature on reaction rate cannot be simply explained by the
increased frequency of collisions.

Increasing the pressure of gases increases the concentration of gas
molecules, causing more frequent collisions.
This fact is used in the design of chemical plants.

A temperature increase of 10oC causes the rate of many reactions to double
but collisions have increased by 1/50th of this amount.

Increasing the temperature
As temperature increases the average kinetic energy of the particles
increases as well, as does the rate of reaction.
Cooking using temperature above the boiling point of water is an example of
the effect of temperature as is the use of water to douse fires.
It is the proportion of particles with more energy than EA that is the factor that
causes disproportionality between temperature increase and rate of reaction.
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How do catalysts work?
Catalysts
The chemical industry uses catalysts extensively. Without them, many reactions
would be too slow for products to be obtained at an economical rate

In the Haber process particles at the surface of a solid
with high surface energy tend to absorb gas molecules
that strike it.
Absorption distorts bonds in the gas molecules and
may even break them.
Therefore, a reaction can proceed faster.
Reaction rate is proportional to the surface area
available of the solid.
In the Haber process, a catalyst of powdered iron allows
the manufacture of ammonia to proceed at an
economical 500 instead of 3000oC.

Homogeneous catalysts: in the same state as reactants and products.
Heterogeneous catalysts: in different states as reactants and products.

The catalyst provides an alternative reaction pathway that reduces the
activation energy barrier to break covalent bonds in nitrogen and hydrogen.

Consequently, a greater proportion of
reactant particles collide with sufficient
energy to overcome the activation energy
barrier.
Providing such a pathway increases the
proportion of successful collisions and
therefore the rate of reaction increases.
A catalyst only alter the activation energy
of the reaction and not the heat of reaction.
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