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The last page of this examination is a periodic table 

 [Gas constant = 8.314 J/mol K; 0.08206 L*atm/mole*K,1 faraday = 96500 J/V mol e-; 
at 25oC]

1) The reaction has the rate law, Rate = k[A][B]2. Which will cause the rate to increase the most?
A) doubling [A]

B) doubling [B]

C) tripling [B]

D) quadrupling [A]

E) doubling both [A] and [B]
2) At a given temperature, a first-order reaction has a rate constant of 2.5 x 10-3 s-1.  

The time required for the reaction to be 25% complete is closest to? 

( Hint: At is how much is there now )

A)  120s

B)  240s

C)  440s

D)  550s

E)  640s

3) For a certain second-order decomposition reaction, the rate is 0.30 M•s when the

    concentration of the reactant (A) is 0.20 M.  What is the rate constant [in units 
    L/(mol•s)]  for this reaction?   A ( Products
A) 7.5

B) 1.5

C) 0.67

D) 3.0

E) 2.2

4) S is positive for the reaction 
A) 2SO3 (g) → 2SO2 (g) + O2 (g)

B) Ag+ (aq) + Cl- (aq) → AgCl (s)

C) CaO (s) + CO2 (g) → CaCO3 (s)

D) N2 (g) + 3H2 (g) → 2NH3 (g)

E) H2O (l) → H2O (s)

5) Consider the oxidation of SO2(g) to form SO3(g) in the presence of NO(g):



Eqn. 1

O2(g)  +  2 NO(g)  ------>  2 NO2(g)



Eqn. 2

2 NO2(g)  +  2 SO2(g)  ------>  2 NO(g)  +  2 SO3(g)


With the Net Equation:



Eqn. 3

2SO2(g)  +  O2(g)  ------>  2 SO3(g) 


Which of the following is a catalyst?

A)  O2
B)  NO

C)  NO2
D)  SO2
E)  SO3
6) Given the equilibrium system at 25°C:

 

NH4Cl(s) <------> NH4+(aq) + Cl-(aq)

H = +3.5 kcal/mol

What change will shift the equilibrium to the right?

A) decreasing the temperature to 15°C.

B) increasing the temperature to 35°C.
C) dissolving NaCl crystals in the equilibrium mixture.

D) dissolving NH4NONH3 crystals in the equilibrium mixture.

7) The product of the nuclear reaction in which 28Si is subjected to neutron capture followed by alpha emission is __________.

A) 25Al 
B) 33S 
C) 31S 
D) 25Mg 
E) 23Mg

8)  Each of the following pairs contain one strong and one weak acid except
A)  HNO3 and H2CO3
B)  H2SO4 and H2S

C)  HCl and HC2H3O2
D)  HBr and H3PO4
E)  HF and HOCl

9)  The concentration of H3O+ in a solution is 2 x 10-4 M.  What is the H+ concentration?

A)  2 x 10-4 M

B)  1 x 10-10 M

C)  2 x 10-10 M

D)  5 x 10-5 M

E)  5 x 10-11 M

10) Determine the pH of the following solution. Initial concentrations are given.

[HF] = 1.296 M, [HCl] = 1.045 M, Ka for HF is 6.6 × 10-4
A) -0.019 
B) 0.60 
C) 1.3 
D) 3.1 
E) 3.2

11)  When 0.10 mol of solid silver nitrate is added to 1.0 L of a clear, saturated solution 

of Ag2CrO4 (Ksp = 2.4 x 10-12), which of the following will result?

A)  The AgNO3 will settle to the bottom without dissolving.

B)  The concentration of Ag+ in solution will not change.

C)  The concentration of CrO4- will increase.

D)  Some AgCrO4 will precipitate.

E)  None of these will happen.

12) The half-reaction occurring at the cathode in the balanced reaction shown below is 
3MnO4-(aq) + 24H+(aq) + 5Fe (s) → 3Mn2+ (aq) + 5Fe3+ (aq) + 12H2O (l)
A) Fe (s) → Fe2+ (aq) + 2e-
B) MnO4-(aq) + 8H+(aq) + 5e-→ Mn2+ (aq) + 4H2O (l)
C) Fe (s) → Fe3+ (aq) + 3e-
D) 2MnO4-(aq) + 16H+(aq) + 6e-→ 2Mn2+ (aq) + 8H2O (l)
E) Fe2+ (aq) → Fe3+ (aq) + e-
13) Write the equilibrium constant expression for the reaction:
3 Sn(s) + 4 HNO3(aq) + H2O(l) (( 3 H2SnO3(s) + 4 NO(g)
A) Kc = [NO]4 / [HNO3]4
B) Kc =[H2SnO3][NO] / [Sn][H2O][HNO3]
C) Kc =[H2SnO3]3[NO]4 / [Sn]3[HNO3]4
D) Kc =[H2SnO3]3[NO]4 / [HNO3]4
E) Kc =[H2SnO3]3[NO]4 / [Sn]3[HNO3]4[H2O]

14) At 25°C, a pOH = 3.14 is equivalent to:
A) [OH-] = 7.2 × 10-4
B) [H+] = 1.4 × 10-10
C) pH = 11.

D) acidic solution

E) none of these

15) Given the following:
I) N2O(g) + 1/2 O2(g) ((2NO(g) Kc = 1.7 × 10-13
II) N2(g) + O2(g) (( 2NO(g) Kc = 4.1 × 10-31
Find the value of the equilibrium constant for the following equilibrium reaction:

N2(g) + 1/2 O2(g) (( N2O(g)
A) 4.2 × 1017
B) 7.0 × 10-44
C) 2.6 × 10-22
D) 1.6 × 10-9
E) 2.4 × 10-18
16) The rate constant at 160 °C for the first order decomposition of ore is 0.032/min. The half-life of the reaction is:
A) 62.5 sec 
B) 1300 sec 
C) 111 sec 
D) 31.25 sec 
E) 5000 sec

17) Which of the following statements is true?
A) Processes are called spontaneous if they occur at an observable rate.

B) Whether a process is spontaneous can depend on the temperature.

C) Processes that are spontaneous in one direction are spontaneous in the opposite  

      direction.

D) An exothermic process is necessarily spontaneous.

E) All of the statements are true.

18)  For which of the following values of the equilibrium constant does the reaction 

mixture consist mainly of reactants?

A) 100
B) 10-3
C) 103
D) 105
E) 10-5
19)  What is the solubility product expression for Au(OH)3?

A) Ksp = 3[Au3+][OH-]3
B) Ksp = [Au3+][3OH-]

C) Ksp = [Au3+][OH-]

D) Ksp = [Au3+][OH-]3
E) Ksp = [Au3+][3OH-]3
20) Z- is a weak base. An aqueous solution of NaZ is prepared by dissolving 0.350 mol of NaZ insufficient water to yield 1.0 L of solution. The pH of the solution was 8.93 
at 25.0 °C. The Kb of Z- is __________.
A) 6.9 × 10-9
B) 2.1 × 10-10
C) 2.8 × 10-12
D) 9.9 × 10-2
E) 1.2 × 10-5
21)  The value of Eo for the following reaction is 0.63 volts.  What is the value of E for the reaction (in volts) when the concentration of Zn+2 is 1.0 M and the concentration of Pb+2 is 0.00020 M?




Pb+2 (aq)  +  Zn (s)  (  Zn+2 (aq)  +  Pb (s)

A) 0.52

B) 0.85

C)  0.41

D)  0.74

E)  0.63

22) Which of the following nuclear changes represents beta emission?

A) 3781Rb ( 3681Kr

B) 92235U ( 52137Te

C) 88226Ra ( 86222Rn

D) 53131I ( 54131Xe

E) 32238U ( 89237Ac
23) Choose the INCORRECT statement.
A) The work available in a cell = -nFEcell.

B) When Ecell = 0, the reaction is at equilibrium.

C) G° = -nFE°cell
D) Reversing a cell reaction changes the sign of Ecell.

E) When Ecell < 0, the reaction is spontaneous.

24) Give the name for CH3CH=CHCH3.
A) 2-butane

B) 3-butene

C) 2-pentene

D) 2-butene

E) 2-propene

25)  The addition of HCl to propene yields which of the following as the major product?

A) CH3CH2CH3
B) CH3CH2CH2Cl

C) CH3CHClCH2Cl

D) CH3CHClCH3
E) CH3ClCH=CH2
26) Data for the reaction A + B → C are given below. Find the rate constant for this system.
Experiment 
[A], M 

[B], M 


Initial rate, M/s

     1

 0.030 


0.060 


2.5 × 10-5
     2 

 0.030 


0.020 


2.5 × 10-5
     3 

 0.060 


0.060 


10.0 × 10-5
A) 2.8 × 10-2 Ms-1
B) 1.7 × 10-3 M-1s-1
C) 2.8 × 10-2 M-1s-1
D) 1.7 × 10-3 Ms-1
E) 2.8 × 10-2 M2s-1
Use the table below to answer question #27.

Thermodynamic Quantities for Selected Substances at 298.15 K (25 °C)
Substance
 H°f (kJ/mol) 
G°f (kJ/mol) 

S (J/K-mol)

Carbon

C (s, diamond)        1.88 

2.84 


2.43

C (s, graphite) 

0 

   0 


5.69

C2H2 (g) 
       226.7 

209.2 


200.8

C2H4 (g)
       52.30 

68.11  


219.4

C2H6 (g) 
     -84.68 

-32.89 


229.5

CO (g) 
     -110.5 

-137.2 


197.9

CO2 (g) 
     -393.5 

-394.4 


213.6

Hydrogen

H2( g) 


0 

    0 


130.58

Oxygen

O2 (g) 


0 

    0 


205.0

H2O (l) 
   -285.83 

-237.13

 69.91 
27) The combustion of acetylene in the presence of excess oxygen yields carbon dioxide and water:

2C2H2 (g) + 5O2 (g) → 4CO2 (g) + 2H2O (l)
The value of S° for this reaction is __________ J/K∙ mol.
A) -432.4 
B) -122.3 
C) +689.3 
D) +432.4 
E) +122.3
28) For the reaction  O2(g) (( 2O(g) , what conditions favor production of oxygen atoms?
A) high temperature and low pressure 
B) low temperature and low pressure

C) high temperature and high pressure 
D) low temperature and high pressure

29) Which of the following does NOT determine the rate of a reaction?
A) temperature of reactants

B) presence of a catalyst

C) value of H°

D) value of the rate constant

E) value of the activation energy

30) The standard emf for the cell using the overall cell reaction below is +0.48 V:
Zn (s) + Ni2+ (aq) → Zn2+ (aq) + Ni (s)
The emf generated by the cell at 298K when [Ni2+] = 2.50 M and [Zn2+] = 0.100 M is 
A) 0.44 V 
B) 0.52 V

C) 0.40 V

D) 0.56 V

E) 0.50 V
31) Consider the following reaction.
C(s) + H2O(g) (( CO(g) + H2(g)
At equilibrium at a certain temperature, 
[H2O(g)] = 0.12 M, and [CO(g)] = [H2(g)] = 1.2 M. 
If suddenly these concentrations are increased by 0.50 M, which of the following is true?
A) More H2O(g) will be formed.

B) The value of Kc is decreased.

C) The value of Kc is increased.

D) More H2(g) will be formed.

E) Since Kc does not change, nothing further happens.

32) Consider the reaction:    NH3 (g) + HCl (g) → NH4Cl (s)
Given the following table of thermodynamic data at 298 K:
Substance 

Hf° (kJ/mol) 


S° ( J/K ∙ mol)

NH3 (g) 

-46.19 



192.5

HCl (g) 

-92.30 



186.69

NH4Cl (s) 

-314.4 



94.6
The value of K for the reaction at 25°C is __________.

A) 1.4 × 108
B) 1.1 × 10-16
C) 150

D) 8.4 × 104
E) 9.3 × 1015
33)  How many grams of Cadmium metal will be plated out of solution that contains 
1.0 M Cd+2  using a current of 1.25 amperes applied for 15 minutes?

A) 18.3 g

B) 0.66 g

C)  1.31 g

D) 2.62 g

E) 35.2 g

34)  What is the IPUAC name for the following compound?
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A) 3-chloro-1,1-diethyl-2-methylhexane

B) 4-chloro-6-ethyl-5-methyloctane

C) 5-chloro-3-ethyl-4-methyloctane

D) 4-chloro-1,1-diethyl-5-methylhexane

E) none of the above

35)  Which substance is serving as the reducing agent in the following reaction?


14 H+  +  Cr2O7-2  +  3Ni  (  3Ni+2  +  2Cr+3  +  7H2O

A)  Ni

B)  H+
C)  Cr2O7-2
D)  H2O

E)  Ni+2

SHOW ALL WORK FOR EXTRA CREDIT
Calculate the percent ionization of formic acid (HCO2H) in a solution that is 
0.311 M in formic acid and 0.189 M in sodium formate (NaHCO2). 
The Ka of formic acid is 1.77 × 10-4.
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