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Problem 6: Collision Theory: One important equation that underlies the collision theory formulation for a reaction rate
constant is the Maxwell-Boltzmann distribution of molecular velocities (Eqn. 1.29 in Houston). This distribution of
velocities relates to the distribution of energies associated with gas phase molecules (Eqn 1.37), from which we can
further derive an expression for the fraction of molecules having energy in access of £*, (Eqn. 141 in Houston)
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‘where a= (e*/(KT))"? and erfe(a) is the éo-error function defined in Appendix 1.3 of Houston (or your math book). &* is
the threshold energy and defined as the minimum energy required for a reaction to take place upon collision between two
‘molecules.

) Use Equation (1) to plot f(e*) versus temperature for 100< T < 1500 K for the following values of £*: 25 meV, 50
meV, 75 meV, 100 meV.

b) Use simple collision theory and your analysis from a.) to plot the expected rate constant for the elementary reaction
NO + 0, —NO,+O; over the same temperature range s in a.), and for values of *: 25 meV and 100 meV. Reasonable
values for the molecular radii are 0.14 nm for NO and 0.20 nm for O, Units of the rate should be: m*/(moles)

) The experimental pre-exponential factor for the reaction in b.) is 1.0x10* L mol” s at T=300 K. What is the value of
the steric factor, p?
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313 The reaction F + H, — H + HF is the rate-limiting elementary step in the
overall reaction H, + F, — 2 HF. This latter process s the key reaction in
the HF chemical laser. The reaction proceeds through a transition state:

H, + F == (HHF)’ - H + HF.

‘Suppose that the activated complex is linear. Some properties of the reac-
tants and the activated complex are given in Table 3.2. The threshold
energy is estimated to be € = 6.6 kJ mol !
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Use collision theory to calculate the preexponential factor and the rate
constant for the reaction at 298 K. Compare your answer to the exper-
imental result of A = 2 X 1011 L mol ! s~

Use activated complex theory (o calculate the rate constant for the reac-
tion at 298 K. Assume that the electronic degeneracy for F and for the
activated complex is 4.





