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Notes on Kinetics    

Link for interactive notes/problems
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1. Elementary Reactions/Reaction Mechanism

A + B ( C (fast equilibrium)


B + C ( D + E (slow)


D + F ( A + E (fast)


Rate = k[A][B]2     “A’ is a catalyst; “C” and “D” are intermediates
For a reaction mechanism to be valid

(a) It should reflect the overall reaction

(b) It should reflect the differential rate law 
2. There are 3 requirements for effective collisions:
(a) sufficient kinetic energy to penetrate mutual electron clouds

(b) correct orientation

(c) formation of a stable end product
3. Energy Pathways:







Ea : forward and reverse reactions

(H : endothermic and exothermic reactions

Relationship of rate and Ea
Ea for endothermic reaction: always greater than Ea for reverse (exothermic) reaction

4. Rate Of Reactions



If the rate were constant slope of concentration vs. time graph would be linear. Usually, rate changes as concentration of reactants/products changes, so the graph is non-linear. Rate at any time “t” will be the slope of the tangent to the graph at time “t”.

Note: Rate may be expressed as either the change (decrease) of reactants vs. time or the change (increase) of products vs. time.
5. The rate equation for a reaction

The rate equation for a reaction can be determined several ways

(a) Using equation stoichiometry of a known elementary reaction: 

(i.e. the “rate determining step” – see point 1 above)

Note: It must be never assumed that the given equation is elementary unless it has been determined to be so.
Silly Example: 2A + 3B → C + 2D (slow step of a rxn mechanism)

rate = k[A]2[B]3
(b) Experimentally-2 main methods:

1) Compare initial concentrations of reactants and reaction rates for several experiments (Initial rates method- using differential rate law equations or graphs) 
2) Consider the change in concentration vs. the change in time during a single experiment (Integrated rate law equations)
Zero Order Reactions: 
A →  B

Example: 2N2O(g) →  2N2(g) + O2(g) on a platinum surface. 

Note: When the platinum surface is completely covered with N2O molecules, an increase in the concentration of N2O has no effect on the rate since only those N2O molecules on the surface can react.

 



First Order Reaction:
A →  B

Example: (CH3)2O(g) → CH4(g) + H2(g) + CO(g)
 








Second Order Reaction:
2A →  B





(or A + B → C where [A] = [B] )

Example: 2NO2(g) → 2NO(g) + O2(g) 
 









6. Integrated Rate Equations
Show the changes in concentration of reactants with time. Memorization of the integrated rate equations is not required for the AP exam. 




ORDER
EQUATION


           HALF – LIFE EQUATION


Zero

[A]t – [A]0 = -kt



[A]0/2k


First

ln [A]t – ln [A]0 = -kt


0.693/k




log [A]t – log [A]0 = -kt/2.303

0.693/k


Second

1/[A]t – 1[A]0 = kt


1/k[A]0

Several things to note about the above equations:

1. All of the integrated rate equations are linear equations and can be arranged in the form:

y=mx+b
2. For zero order: y = [A]; x = time; m = -k and b = [A]0
Therefore k=-slope of a  graph of [A] vs. time 

3. For first order: y = ln[A]; x = time; m = -k and b = ln [A]0
If using log base 10: y = log[A]; m = -k/2.303 and b = log[A]0
Therefore k= -slope of a graph of ln[A] vs. time. (If using log base 10; k = -slope(2.303))

4. Note that the half life of a first order reaction is independent of the initial concentration. This equation can be derived from the integrated rate equation:

ln[A]t – ln[A]0 = -kt

If [A]t = 0.5[A]0 then solving for t gives:

t1/2 = 0.692/k

7. Arrhenius Equation
The Arrhenius Equation can be used to calculate activation energy. Arrhenius correlated rate constants with temperature. 






k = Ax(e-Ea/RT)

Can eliminate the constant A:

# of collisions with Ea = (total collisions)e-Ea/RT





Fraction of collision with Ea or greater at Temperature (Kelvin)


ln k = 


+ ln A


y =           m        x +     b (y-intercept) 

Graphical Method for Calculating Ea

ln(k) versus       = straight line


to obtain Ea, construct a plot of  ln(k) versus 
.

slope =   Δ ln (k)        =   -Ea

   Δ ln (1/T)          R


8. Heterogeneous Reactions


Reactions will proceed faster if solids have a large surface area:


Example:
3Fe(s) + 4H2O(g) → Fe3O4(s) + 4H2(g)
This reaction will take place faster if the iron is in a powdered form, rather than in a solid block.
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[A] vs. Time gives a linear graph with k=-slope





rate = k[A]0


-or-


rate = k
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rate = k[A]1





ln[A] or


log[A]	     time





[A] vs. Time gives a non-linear graph with a negative slope.





ln[A] vs. time (or log[A] vs. time) gives a linear graph for a 1st order rxn, with k = -slope. (or k = -slope (2.303) for log[A] vs. time)





NOTE: A plot of concentrated reactant vs. time can identify a 1st order reaction since its half life is constant – i.e. independent of initial concentration. The equation for the half life of first order reaction is:     t1/2 = 0.693/k
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rate = k[A]2





[A] vs. Time gives a non-linear graph with a negative slope.





1/[A] vs. time gives a linear graph for a 2nd order reaction with “k” = slope


NOTE: this is for rate =k[A]2 (or rate=k[A][B] where [A] = [B])





Rate 	= |Δ concentration (reactant or product)| / |Δ time|


	= |Y1 – Y2| / |X1 – X2|


	= |slope of tangent|








R = 8.3145 J/mol K





1


T





 1


 T





Ln k





1/T





-Ea   1


 R    T











