Kinetics Study Guide – FRQ’s
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For a hypothetical chemical reaction that has the stoichiometry 2 X + Y
Z, the following initial rate
data were obtained. All measurements were made at the same temperature.
Initial Rate of Formation of Z
(mol L-1 sec-1)
7.0 x 10-4
1.4 x 10-3
2.8 x 10-3
4.2 x 10-3

Initial [X]0 (mol L-1)

Initial [Y]0 (mol L-1)

0.20
0.40
0.40
0.60

0.10
0.20
0.40
0.60

(a) Give the rate law for this reaction from the data above. Justify your answer.

(b) Calculate the specific rate constant for this reaction and specify its units.

(c) How long must the reaction proceed to produce a concentration of Z equal to 0.20 molar, if the initial
reaction concentrations are [X]0 = 0.80 molar, [Y]0 = 0.60 molar and [Z]0 = 0 molar?

(d) Select from the mechanisms below the one most consistent with the observed data, and explain your
choice. In these mechanisms M and N are reaction intermediates.
(1)

X + Y
X + M

M
Z

(2)

X + X ↔ M
Y + M
Z

(fast)
(slow)

(3)

Y
M
M + X
N + X

(slow)
(fast)
(fast)

N
Z

(slow)
(fast)

1985
PCl3(g) + Cl2(g) → PCl5(g)
In the equation above, the forward reaction is first order in both PCl3 and Cl2 and the reverse reaction is
first order in PCl5.
(a) Suppose that 2 moles of PCl3 and 1 mole of Cl2 are mixed in a closed container at constant
temperature. Draw a graph that shows how the concentrations of PCl3, Cl2, and PCl5 change with time
until after equilibrium has been firmly established.

(b) Give the initial rate law for the forward reaction.

(c) Provide a molecular explanation for the dependence of the rate of the forward reaction on the
concentrations of the reactants.

(d) Provide a molecular explanation for the dependence of the rate of the forward reaction on
temperature.

2004
2 H2O2(aq)

2 H2O(l) + O2(g)

Hydrogen peroxide decomposes according to the equation above.
(a) An aqueous solution of H2O2 that is 6.00 percent H2O2 by mass has a density of 1.03 g mL-1.
Calculate each of the following.
(i)
The original number of moles of H2O2 in a 125 mL sample of the 6.00 percent H2O2 solution.

(ii)

The number of moles of O2(g) that are produced when all of the H2O2 in the 125 mL sample
decomposes.

(b) The graphs below show results from a study of the decomposition of H2O2.
(i)
Write the rate law for the reaction. Justify your answer.

(ii)

Determine the half-life of the reaction.

(iii)

Calculate the value of the rate constant, k. Include appropriate units in your answer.

(iv)

Determine [H2O2] after 2,000 minutes elapse from the time the reaction began.

1987

2 HgCl2(aq) + C2O42-

2 Cl- + 2 CO2(g) + Hg2Cl2(aq)

Experiment

Initial [HgCl2]

Initial [C2O42-]

1
2
3
4

0.0836
0.0836
0.0418
0.0316

0.202
0.404
0.404
?

Initial Rate of Formation of Cl(mol L-1 min-1)
0.52 x 10-4
2.08 x 10-4
1.06 x 10-4
1.27 x 10-4

(a) According to the data shown, what is the rate law for the reaction above?

(b) On the basis of the rate law determined in part (a), calculate the specific rate constant. Specify the
units.

(c) What is the numerical value for the initial rate of disappearance of C2O22- for Experiment 1?

(d) Calculate the initial oxalate ion concentration for Experiment 4.

