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Chem 103 Practice Problems:

Chapter 14:

(1) Rate of reaction:
A) Consider the reaction:  2 NH4NO3 (s)  2 N2 (g) + 4 H2O (l) + O2(g).  (Express answers on a per minute basis)

If the rate at which nitrogen gas is formed is 3.0 x 10-2 moles per minute, determine the following:
i) the reaction rate, vrxn . ii) the rate at which ammonium nitrate is used up. iii) the rate at which
oxygen is formed.  iv) the rate at which water is formed. (final answers in moles/min).  (v) How many grams
of water is formed per minute? (MW of H2O = 18.0g/mol).

(2) Rate Laws:
Consider the hypothetical reaction: A+3B 5C, and the data below:
Expt# [A] [B] d[C]/dt v
1 1.00 2.00 3.00 ?
2 1.00 4.00 4.24
3 0.50 4.00 1.06
i) Fill in the values for v (n.b. v = rate of rxn).    ii)Write the rate law for this reaction.
iii) Determine the value of the rate constant, k. iv) What is the order of the reaction?

 (3) Rate Mechanisms:
A) Consider an elementary step:  2 NO2  NO3 + NO.
i) Write the rate law for this elementary step.    
ii) What is the rate expression for the reverse of this step?
iii) what is the molecularity of this step?

B) Consider the hypothetical reaction mechanism below and predict the rate law.
Elem. Step #1 (slow) NO2 + F2 + Pt(s)  FNO2 +F-Pt(s)
Elem. Step #2 (fast) NO2 + F-Pt(s)  FNO2+ Pt(s)

i) what is the rate determining step? ii) What is the overall stoichiometric equation?
iii) Write the rate equation for the rate-determining step,  iv) Write the rate law for this reaction. v) Is there
an intermediate? vi) is there a catalyst?

(4) Experimental kinetics dealing with one chemical species:
A) Consider the following hypothetical data for the reaction: 2NO2  2NO + O2

[NO2] (M) 0.30 .15 .075 0.038
Time elapsed (min) 0 2.0 4.0 6.0
i) What is the half life? ii) What is the order of the reaction?
iii) Write the rate law. iv) what is the rate constant? (in min-1)

B) This question refers to the same equation but assumes that the equation is instead second order, fill in the
blank spaces in the table below:

[NO2] (M) 0.30 .15 .075 0.038
Time elapsed (min) 0 2.0

(5) The postulated mechanism for the decomposition of ozone is:
O3(g) <==> O2(g) + O(g) (fast, equilibrium)
O(g) + O3(g) ---> 2 O2(g) (slow)

Determine the following:
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a) the rate law predicted by this mechanism.
b) the order of the reaction as predicted by the rate law.
c) the effect of increasing [O2] on the reaction rate.
d) an example of a change that could lead to favoring the forward reaction.

(6) Draw an energy diagram showing an endothermic reaction showing the activation energy(Ea).  Label
what would represent the H and Ea  in your diagram. Show effect of catalyst.  Which direction does a
catalyst speed up?

(7) Suppose a reaction triples its rate constant when the temperature is raised from 20°C to 40°C.
a) What is its activation energy equal to? (in kJ/mol)
b) If its k=3.5 (in arbitrary units), what is its rate constant when T = 55°C?
c) If an enzyme speeds up this reaction 100,000-fold at 37°C, what would its activation energy be equal to?

Chapter 15: Chemical Equilibrium
1) Consider the reaction mechanism for ozone depletion: (i) O3 <=> O2+O, (ii) O3+O->2O2,
a) What is the net reaction?  Are there intermediates involved?  Catalysts?
b) Write the equilibrium expression for the net reaction, in terms of concentration.
c) Write the equilibrium expression in terms of the rate constants of the elementary steps.

2) Consider the following hypothetical reaction (in an airtight container):
3A(g) + 2B(l) + 6 C(aq) <==> D(s) + 4E(g) H°=+32 kJ/mol

a) Write down the equilibrium constant EXPRESSION (Kc not Kp) for this reaction.
b) The system is at equilibrium with concentrations:  [A] = .1M, [C]= 1M, [E]=.2M.  What is the VALUE of
the equilibrium constant?
c) Which direction is favored if the system initially at equilibrium is changed by increasing the following:
(i) container’s volume. (ii) container’s temperature.    (iii) [E].  (iv) an inert gas (pumped into the
container).  (v) A substance F (i.e. F separately reacts with C).  (vi) B.  (vii) D.  (viii) a catalyst is added.
d) What is the G° for this reaction? Is it spontaneous at standard conditions?

3) Practice with the use of Henry’s Law: for example, homework problem 15-79.

4) Calculate the solubility (in M) the following solutions prepared by adding the given crystal of silver in
pure water: (remember that pKsp = -logKsp)
a) AgBr (Ksp = 5.35x10-13) b) Cu2S (pKsp=47.60)  c) Al(OH)3 (pKsp = 32.34)

5) Calculate the solubility of AgBr (Ksp = 5.35x10-13) in 0.50M KBr.  (hint: learn “common ion effect”)

6) Calculate [Ag+] in a solution prepared by adding 100. mL of .10M AgNO3 and 50. mL of .10M KBr.
(this is somewhat similar to the problem discussed in class in which we mixed solutions of AgNO3 & K2S.

7) Review the errata for problem #4.  Such a problem would be too involved to appear in the midterm but it’s
important to know the principles used in the approach to that type of problem).

8) Consider the formation reaction for the hypothetical complex AB2(aq), Kf = 1.00 x 104.
a) Write the formation equation and the expression for Kf.
b) Determine equilibrium values of [A2+] and [B-] in a solution initially containing only the complex.
c) Determine equilibrium values of [A2+] and [B-] if the complex(initially solid form) is dissolved in a 1.00 M
B- solution.  (hint: common ion effect).


