Chem 152
8-30 Homework

1) Under what experimental condition do we obtain a pseudo-rate constant, not the actual rate constant?

2) NOBr undergoes 2™ order decomposition to form nitrogen monoxide and elemental bromine. At 2500C,
the rate constant is 1.00 x 10~ M—1s—1. Suppose that 0.100 moles of NOBr are placed in a 500.0 mL

vessel at 2500C. What is the [NOBr] and how many bromine molecules are present after 24.0
hours have elapsed?

3) When the rate of the reaction 2 NO(g) + O2(g) = 2 NOy(g) was studied, it was found experimentally
that the rate doubled when the O concentration alone was doubled, but quadrupled when the NO

concentration alone was doubled. Do one, both, or none of the following mechanisms account for these
rate observations? Justify your answers.

a) Stepl: NO + O NO3 (this is a rapid equilibrium step)
Step2: NO + NO3 = NOp + NO2 (slow)

b) Step 1: NO + NO > N»O2 (slow)
Step2: Oy + N2Oos > N»Oy (fast)
Step 3: NpOgq > NOp + NOy (fast)

4) For each of the following elementary reactions, write the rate law and tell what the molecularity of the
reaction is:

a) Clx(g) > 2Cl(9) b) NO(g) + Clz(g) = NOCI(9)

5) A valid mechanism for the reaction of chloroform (CHCI3) with Cl5 in the gas phase is

kg
Step 1: Cly(q) 2 Cl(9) fast
k-1
k2
Step 2: Cl(g) + CHCI3(g) > HCI(g) + CCl3(g) slow
k3
Step3: Cl(g) + CCl3(@) =  CCly(g) fast

Based on the mechanism, answer the following questions:
a) What is the overall reaction? b) What are the intermediates in the reaction?
c) What is the molecularity of each step? d) What is the rate-determining step?

e) What is the rate law predicted by this mechanism? (note: half-orders are possible!)



Answers

#4 on previous HW
a) Based on rate plots, what is the order of the decomposition reaction? Show your graph.

b) What is the value of the rate constant, with proper units?

c) Calculate, using the appropriate equation, the time required for the [NO5] to reach 0.00037 M.

d) Is half life a particularly useful quantity for this reaction? Briefly explain why or why not.
Since we’re given concentration versus time data, we need to examine the rate plots for zeroeth, first, and
second order and see which one gives the straightest line.
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Inverse of [NO2] versus time for decomp. of NO2 Since the p|0t of 1/[N02] versus time Is by far
the straightest line, the decomposition reaction
is 2" order in NO».
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To find the time required for [NO»] to reach 0.00037 M, plug the data into the decay equation and solve for

1 1 1

= (1016 —)t+
0.00037 M Ms  0.100 M

- solvetoget t=270s (2 sig figs)

Half-life is not a particularly useful quantity for a 2™ order reaction, because for 2™ order kinetics the half-
life is constantly changing with concentration.



1)
In an experiment with more than one reactant, a pseudo-rate constant is obtained when the
initial amounts of all reactants except one are very large. The amount of the reactants in large
excess will change little compared to the lone limiting reactant. Because the amounts of
reactants in large excess change little, these amounts (concentrations, partial pressures, etc.)
remain approximately constant, and thus become part of the experimentally-determined rate
constant, which is not “k” alone but rather the pseudo-rate constant k’.

2) Try this one for a couple of bonus points, if you get the correct answer. Due 9/1 at the start of
class

3)
First off, from the experimental info given in the problem, we know the experimental rate law is
r= k[NO]Z[OZ]. If a mechanism is good, its rate law must match the experimental rate law.

a) Stepl: NO + O NOg3 (this is a rapid equilibrium step)
Step2: NO + NO3 = NO» + NOo (slow)

2NO + Op &> 2NO2 (mechanism adds to overall reaction ©)

Rate law from mechanism is r = kp[NOJ[NO3] - we need to find [NO3] from the rapid equilibrium step
From the rapid equilibrium step k1[NO]J[O2] = k_1[NO3] > [NOg3]=k1[NO][O2]/k_1

k,k
Substituting for [NO3] in rate law gives r= (%] [NOJ2[05] = k[NO]2[09] > OK!
-1
*** This is a good mechanism ***

b) Step1: NO + NO > N»O2 (slow)
Step2: Oy + N2oOs > N9Oy (fast)
Step 3: NpOgq > NOp + NOy (fast)

2NO + O9 &> 2NO2 (mechanism adds to overall reaction ©)

Rate law from mechanismis r= k1[NO]2 , which does not match experimental rate law because it shows
no dependence on [O5], and the experimental rate law does.
*** This is not a proper mechanism ****

4) For each of the following elementary reactions, write the rate law and tell what the molecularity of the

reaction is:

a) Cla(g) > 2Cl(9) b) NO(g) + Cla(g) > NOCIx(g)
r =K[Cly] r =k [NO][Cl5]
unimolecular bimolecular

5) Please hand this one in on a single sheet of paper at the start of class on 9/1. See if you can tell what
“molecularity” is by looking at question 4.



