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Reaction M echanisms

Reaction M echanism:

lementary reactions/steps:

Molecularity:

The number of molecular species that are involvealsingle reaction step
A theoretical concept which can only be appliedlémentary reactions
nimolecular:
imolecular
ermolecular:

ate Deter mining Step (RDS)

Inter mediate

A short lived molecular species that is
elementary step. Does not appear in the net reamtioate law.

in oneegltary step and ina |

1. A reaction mechanism for the destruction of ozone in polkiteid as follows:
NO,(g) + Og) > NOs(g) + () slow
NOy(g) + NO(g) > NOs(g) fast
Write a balanced equation for the overall reaction. D of each
rate law for this process. Identify intermediates and yst&alif any.

2. The reaction for the of ozone ir is shown below.
04(g) > O4(g) + O(9) fast, reversible
0O4(9) + O(g) > 2049) slow

Write a balanced equation for the overall reaction. D of each

rate law for this process. Identify intermediates and ysttalif any.

3. The reaction mechanism for the destruction of ozone by higly faircraft is as follows:
O4(9) > O4(g) + O(g)
NO + O(g) > NO,(g) + O(9)
NO,(g) + O(g) > NO + Ofg)
Write a balanced equation for the overall reaction. D
process. Identify intermediates and catalysts, if any.
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Collision Theory

Product formation can only take place when them“effective” collision between reactant;

Not all collisions result in a chemical reaction.
Collisions that result in a chemical reaction eatted “ effective collisions”

Two conditions for product formation must be met for molecular collisions to be

effective:

1.

Example: Consider the elementary step shown below.

O(g) + H-Cl(g) > O-H(g) + Cl(9)

Activation Energy (E,)  the minimum energy necessary for a specific rea¢tiarccur

Energy Level Diagram  shows the reaction progress vs. Potential Energy) (P.E
Indicates the relative energy of the following:
i) reactants, i) transition state (TS), and iii) proch
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Catalyst

A substance that is added to increase the rateobfeanical reaction without being used up duringrésection

. A catalyst is in one elementary step, and iartleeferm in a step.

. Speeds up the chemical reaction by providing an he feattion that lowers
the — more collision have enough energy to overcome the
— reaction rate increases

Temperature

As temperature increases, Kinetic Energy incredsesling to higher reaction rateq

The sizes of the shaded areas under
>T the curves are proportional to the
total fractions of the collisions that
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reaction
. Progress of reaction
T h e A rr h enius Eq uation 1. The rate constants for formation of HI were measataHe two different temperatures shown

Temperature is included in the rate law via the m@instant, k. Arrhenius discovered that the
temperature dependence of the rate constant, beutéscribed by an exponential equation.
k= Ae-E/RT

1. Write the straight line form of the Arrhenius Equation.

2. How could the activation energy and pre-exponential factor be graphically
obtained?

3. Derive the equation that relates the activation to k at two different temperatures.

below. Calculate the activation energy, pre-exponefaizbr, and specific rate constant for
formation of Hl at 427C.

HAg) + k(g) > 2Hi(g)

k temperature
2.7x10* 327C
3.5x10° 377PC
? 427C
2. The rate constants for the decomposition of gaseaitsoden pentoxide are 3.7 x16 at 25 °C

and 1.7 x 16 s* at 55 °C.
2NO4g) — 4NG,(9) + O.(0)
a. What is the activation energy for this reactioRJfmol?.oxsximoy
b. Whatis the rate constant at 35 8G3osy
c. What is the numerical value of the pre-exponentiafof, A?ssxiosy




