AP ChemIsTry Study Guide – Kinetics  

Students should be able to... 

· Define: activation energy, rate constant, rate of reaction 
· Write a rate law for an equation 
· Find the order of a reaction 
· Know factors that affect reaction rate 
· Determine the half life of a reaction 
· Calculate the remaining concentration of a material, given its half-life 
· Calculate the time required for a concentration to be reached, given its half-life 
· Calculate the concentration remaining at a given time 
· Be familiar with reaction mechanisms. 
· Identify catalysts and intermediates when given a mechanism. 
· Find the rate determining step of a mechanism 
· Determine the activation energy of a reaction

· Identify the following on an energy diagram:  delta H, activation energy, use of catalyst or inhibitor, delta G

Kinetics FAQ

Q:  How do I find the order of a reactant?

A:  The order of a reactant is found using a table of experimental data.  In short, the order is the power to which you raise the change in concentration to equal the change in the rate.  For more detail, read on…

First, you must have a table of experimental data that shows 1) the concentration of all the reactants, and 2) the rate of the reaction.  If only times are given, you will need to find the change in the Molarity divided by the change in time to get the rate.  (Normally a table provides the rates for you, but not always.)

Once you have a table like this one below, we can see what effect the change in concentration had on the rate.

2ClO2(aq) + 2OH-(aq) -> ClO3-(aq) + ClO2-(aq) + H2O 

	PRIVATE
[ClO2] (M)
	[OH-] (M)
	Rate (mol/L*s)

	0.010
	0.030
	6.00*10-4

	0.010
	0.060
	1.20*10-3

	0.030
	0.060
	1.08*10-2


The question we need to ask is…  What effect did this reactant have on the rate of the reaction?  So, we need to select data from the experiment in which only ONE reactant was changed at a time.  If more than 1 reactant is changed at a time, you won’t be able to tell which one caused the change.  Let’s take a look…

First:  What effect does [OH-] have on the rate?  The ONLY difference in the concentrations in trial one and trial two was that the concentration of OH- was doubled.  What did that do to the rate?  Well, the rate doubled.  This is called first order.  The change in the concentration is equal to the change in the rate.


2 (times the conc) to what power  = 2 (times the rate)


2 to the first power = 2.  The power, or order, is thus 1.

Please note that the concentration of the other reactant (ClO2) was held constant.  You can only observe one change at a time!

So, now we know that OH- is first order.  We can fill in the exponent now on the rate law with a 1:



Rate = k [ClO2]? [OH-]1
Second:  What effect does [ClO2] have on the rate?  For this one, we need to look at trials two and three, where the concentration of ClO2 is changed.  (Note that this time OH- has to be constant!)  Between trials two and three, the concentration of ClO2 tripled.  What happened to the rate?  It went up NINE times!  Tripling the concentration caused a nine time change in the rate.  So, 3 to what power equals nine?  2.  This is called second order.  The change in the concentration has a squared affect on the rate.

So, the rate law can now be completed:



Rate = k [ClO2]2 [OH-]1
There are other orders, but we usually deal with 1st order, 2nd order, and zero order.  Zero order is when the concentration is changed, but the rate doesn’t change at all.

Q:  How do I determine what is an intermediate and what is a catalyst in a mechanism?

A:  Intermediates and catalysts do not appear in the overall reaction equation.  An intermediate is a “temporary product”.  It is formed in one step, and then it is used up in a later step.  So it appears on the right side of an equation, and then in a later step it is on the left side.  The net result is that they cancel out. 

In class, we compared an intermediate to cookie dough.  You can’t just throw all the ingredients for cookies in the oven and expect cookies to come out.  First, you have to make an intermediate… cookie dough.  The ingredients have to be mixed, and form something temporary that can be used later on to do something else.  When you get done, the cookie dough is gone… you’re just left with cookies.  But in order for the cookies to be made, it had to take the form of dough at some point.

A catalyst is just the opposite.  A catalyst is something that lowers the activation energy of a reaction, which makes it easier to happen.  A catalyst is unique in that it goes into a reaction, but always comes back out in the same form.  So, a catalyst can be spotted in a reaction as going in on the left side of an equation, and in a later step it comes back out on the right side.  Just like an intermediate, a catalyst will not be in the overall reaction.  It cancels out.

Here’s a mechanism.  This is how CFC’s react with ozone in the upper atmosphere.

Cl + O3 --> ClO + O2 

O + ClO --> Cl + O2
ClO is an intermediate.  It doesn’t appear in the overall equation.  It is produced in step 1, and then used right back up in step 2.  Cl is a catalyst.  It went into the reaction in step 1, and came out later in step 2 in the same form.

Q:  What is an energy diagram, and what does it tell me?

A:  An energy diagram is a plot of the amount of energy present that starts with all reactants at the beginning (left side of x-axis), and progresses toward all products at the end (right side of x-axis).  If you start at a high energy and end at a low energy (energy is on the y-axis), you have an exothermic reaction.  Energy is released.  If you start low and go high, you have an endothermic reaction.  Energy is absorbed by the system.

Activation energy is the energy needed to start the reaction.  This is the peak of the diagram.  A reaction will not take place unless this energy is present.  Once the reaction gets enough energy to go over the top, the reaction will continue on until it reaches equilibrium.

Here is an example:
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Ea is the activation energy…  the amount of energy from the beginning to the top of the highest peak, a.k.a “The Hump”  Since the curve started out high and ended up low, it is exothermic.
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A catalyst’s job is to lower the activation energy.  So, if a catalyst were added to this reaction, the “hump” would be smaller.  An inhibitor does the opposite.  It raises the activation energy in an effort to stop or slow down a reaction.  It would raise the “hump” in the curve.
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In an endothermic reaction, the energy starts off low and grows higher.  The entire amount of energy gained is the activation energy.

Q:  What is the relationship of the rate constant to the slope of the straight line?

A:  In a zero order or first order reaction, the slope of the straight line is the negative of the rate constant, k.  In a second order reaction, the slope is k.

In order to get a straight line, you must plot different things.  In a zero order reaction, [A] vs. time should be plotted.  For first order, ln [A] vs. time is needed.  In second order reactions, the reciprocal of [A]  (1/[A]) vs. time provides a linear line.

Q:  Which equation do I use?

A:  If you’re solving for concentration, a regular plain ‘ol rate law is usually the easiest way.  Rate = k [A]x [B]y…   But, if you’re asked a time question (how long does it take for half of it to decompose..)  an integrated rate law is the way to go.

If you use an integrated rate law, you need to first determine the order of the reaction.  Pick the integrated rate law for whatever order you have.  There’s a great little table on page 572 to use for this.

If the problem says it’s a half-life decomposition, save yourself some time and go for the half-life integrated rate law.  They are in that table on page 572 also!

Q:  Can you do another half-life problem?

A. Yes, I can.

----THE END----

Just kidding!!!!!!!!!!!! Yes, here is one!

A substance decomposes by first order half-life.  How long does it take for 70% of the substance to decompose?  (The half life of the substance is 8000 seconds.)

First, you need to find k.

For first order half life,  half life = 0.693 / k

8000 sec = 0.693 / k

k = 8.66 X 10-5 

Now, we can use the integrated rate law to find t.

Ln [A/Ao] = - kt

Since 70% is gone, only 30% is to remain. Let’s assume you started with 100g.  So, 100g would be the original amount present.  If 30% remains, you’d have 30 g remaining at time “t”.

Ln [30/100] = -kt

Substitute in for k…

Ln 0.3 = - (8.66 X 10-5)  t

-1.204 = -8.66 X 10-5  t

-1.204 / -8.66 X 10-5   = t

13900 sec = t
Sample AP problems

17. Relatively slow rates of chemical reaction are associated with which of the following?

(A) The presence of a catalyst
(B) High temperature
(C) High concentration of reactants
(D) Strong bonds in reactant molecules
(E) Low activation energy 

23.

Step 1: Ce4+ + Mn2+ ---> Ce3+ + Mn3+
Step 2: Ce4+ + Mn3+ ---> Ce3+ + Mn4+
Step 3: Mn4+ + Tl+ ---> Tl3+ + Mn2+
The proposed steps for a catalyzed reaction between Ce4+ and Tl+ are represented above. The products of the overall catalyzed reaction are

(A) Ce4+ and Tl+
(B) Ce3+ and Tl3+
(C) Ce3+ and Mn3+
(D) Ce3+ and Mn4+
(E) Tl3+ and Mn2+ 

49. The isomerization of cyclopropane to propylene is a first-order process with a half-life of 19 minutes at 500 °C. The time it takes for the partial pressure of cyclopropane to decrease from 1.0 atmosphere to 0.125 atmosphere at 500 °C is closest to

(A) 38 minutes
(B) 57 minutes
(C) 76 minutes
(D) 152 minutes
(E) 190 minutes 

Sample AP Free Response Question

 2 NO(g) + 2 H2(g) ---> N2(g) + 2 H2O(g) 

Experiments conducted to study the rate of the reaction represented by the equation above. Initial concentrations and rates of reaction are given in the table below.



(a) 

(i) Determine the order for each of the reactants, NO and H2, from the data given and show your reasoning.
(ii) Write the overall rate law for the reaction. 

(b) Calculate the value of the rate constant, k, for the reaction. Include units.

(c) For experiment 2, calculate the concentration of NO remaining when exactly one-half of the original amount of H2 has been consumed.

(d) The following sequence of elementary steps is a proposed mechanism for the reaction.

I. NO + NO <===> N2O2
II. N2O2 + H2 ---> H2O + N2O
III. N2O + H2 ---> N2 + H2O 

Based on the data present, which of the above is the rate-determining step? Show that the mechanism is consistent with: 

(i) the observed rate law for the reaction, and
(ii) the overall stoichiometry of the reaction. 

Answers:

17. D

23. B

49. B

Free Response: (1994 #2)

a) three points (point for each order must include justification)

From exps. 1 and 2: doubling [H2] while keeping [NO] constant doubles the rate, therefore the reaction is first order in [H2].

From exps. 3 and 4; doubling [NO] while keeping [H2] constant quadruples the rate, therefore the reaction is second order in [NO].

Rate = k [H2] [NO]2
Note: full credit is earned for the rate expression as long as it is consistent with orders described by student.
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b) two points (one for value and one for units)

k= Rate / ([H2] [NO]2)

From exp. 1: k = 1.8 x 10¯4 M/min / [(1.0 x 10¯3 M) (6.0 x 10¯3 M)2]

= 5.0 x 103 M¯2 min¯1
Note: the unit is often written as L2 mol¯2 min¯1

c) one point

Stoichiometry: NO : H2 is 1:1

When 0.0010 mole of H2 had reacted , it must have reacted with 0.0010 mole NO; thus [NO] remaining = 0.0060 - 0.0010 = 0.0050 M


d) three points

(i)

For I : Keq = [N2O2] / [NO]2
For II: Rate= k[H2] [N2O2]

[N2O2] = Keq [NO]2
Rate = k' [H2][NO]2
Note: there must be some clear algebraic manipulation showing that [N2O2] is proportional (NOT equal) to [NO]2.

Step II is the rate determining step.

(ii)

I: NO + NO ---> N2O2
II: N2O2 + H2 ---> H2O + N2O
III: N2O + H2 ---> N2 + H2O
I + II + III: 2NO + 2H2 ---> N2 + 2 H2O 

