Fall 2012
Chem 1B Mid-term Test #2

Name: _____________________

Grading:

page 2 __________/12 

page 3 __________/10 

page 4 __________/16 

page 5 __________/12 

page 6 __________/15
page 7 __________/20
page 8 __________/22 

page 9 __________/18
_____________________

Total ___________/125 pts

________________________________________________________________________

Direction:  Please Read

1.
This exam contains nine (9) pages and a periodic table. If any of the pages is missing, please inform your instructor.

2.
This exam contains two parts. Part-A contains 25 multiple-choice questions; each has only ONE correct answer. If more than one answer is chosen for a given question, no credit will be awarded. 


Part-B contains problems that require written responses. To receive full credits on each of them you must show all your calculations clearly and in an organized manner.  
3.
All numerical answers MUST be given in correct significant figures and accompanied by appropriate units.  Failure to do so will result in loss of points.

4.
Show all work in the space provided or on a separate sheet if needed. If work is done on separate sheets, please number them clearly staple all loose sheets together when turning in your exam papers.

5.
If you find typographical errors, please notify your instructor.

________________________________________________________________________

Relevant Formulas & Constants:  

Avogadro’s number, NA = 6.022 x 1023/mol;

Faraday’s constant, F = 96485 C/mol e-; 

Ideal gas equation: PV = nRT;
(R = 0.08206 L.atm/(K.mol))
Integrated rate laws: 
Zeroth order: [A]t  = [A]0  - kt; 


First order: ln[A]t  =  ln[A]0  - kt  

Second order: 1/[A]t  =  kt  +  1/[A]0; 
ln(k2/k1) = 
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(R = 8.314 J/K.mol)
Part-A:  Multiple choices questions. 

1.
The balanced equation for the reaction of bromate ion with bromide ion in acidic solution is given by:
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At a particular instant in time, the value of –[Br–]/t is 2.9  10–3 mol.L-1.s-1. What is the value of [Br2]/t in the same units?


(A) 1.5  10–3 
  
(B) 1.7  10–3 

(C) 2.4  10–3
 
(D) 4.8  10–3
2.
The following data were obtained for the reaction of NO with O2. Concentrations are in molecules/cm3 and rates are in molecules/(cm3.s).
	[NO]0
	[O2]0
	Initial Rate

	1.0 x 1018
	1.0 x 1018
	2.0 x 1016

	2.0 x 1018
	1.0 x 1018
	8.0 x 1016

	3.0 x 1018
	1.0 x 1018
	18.0 x 1016

	1.0 x 1018
	2.0 x1018
	4.0 x 1016

	1.0 x 1018
	3.0 x 1018
	6.0 x 1016



The rate law for the reaction is:


(A) Rate = k[NO][O2]

(B) Rate = k[NO][O2]2 
    



(C) Rate = k[NO]2[O2]

(D) Rate = k[NO]2
3.
The following initial rate data were found for the reaction

	2MnO4– + 5H2C2O4 + 6H+  2Mn2+ + 10CO2 + 8H2O

	[MnO4–]0/M
	
	[H2C2O4]0/M
	[H+]0/M
	Initial Rate (M/s)

	1  10–3
	
	1  10–3
	1.0
	2  10–4

	2  10–3
	
	1  10–3
	1.0
	8  10–4

	2  10–3
	
	2  10–3
	1.0
	1.6  10–3

	2  10–3
	
	2  10–3
	2.0
	1.6  10–3



Which of the following is the correct rate law?


(A) Rate = k[MnO4–]2[H2C2O4]5[H+]6

(B) Rate = k[MnO4–]2[H2C2O4][H+]


(C) Rate = k[MnO4–][H2C2O4][H+]

(D) Rate = k[MnO4–]2[H2C2O4]

4.
For the kinetic data given in #3 (above), the value of the rate constant k is:


(A) 2 x 105 M.s–1
(B) 2 x 105 M–2.s–1
(C) 200 M–2.s–1 

(D) 2 x 10–4 M.s–1
5.
A first-order reaction takes 35 minutes for 45% of the reactant to be reacted. What is the half-life of this reaction?



(A) 41 min
     (B) 30. min

(B) 2.2 h
(D) 51 min

6.
If the initial concentration of a reactant for a first order reaction is 0.366 M, what is its concentration after five half-lives?



(A) 1.14 x 10-2 M
(B) 3.12 x 10-2 M
(C) 6.57 x 10-3 M
(D) 7.32 x 10-2 M 

7.
The reaction: NO2(g) + CO(g)  ( NO(g) + CO2(g) has the rate law: Rate = k[NO2]2. 
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Which two plots are consistent with the rate law?  


(A) I & IV

(B) II & III

(C) II & IV

(D) I & III 
8.
 The reaction:  
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  exhibits a rate law such that: 
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where k = 1.0 x 10–5 M–1 s–1 at 25°C. If the reaction is run with [NOBr]0 = 0.39 M, what is the half-life for the reaction?


(A) 3.9 s
(B) 2.0 x 10–5 s

(C) 6.9 x 10–4 s

(D) 2.6 x 105 s

9.
In basic solution, (CH3)3CBr is converted to (CH3)3COH as follows:



(CH3)3CBr  +  OH-   (  (CH3)3COH  +  Br- 


The proposed mechanism for the reaction consists of two elementary steps: 



Step-1:
(CH3)3CBr   (   (CH3)3C+  +  Br-;
(slow) 


Step-2:
(CH3)3C+  +  OH-  (  (CH3)3COH;
(fast)


What is the rate law derived from this reaction mechanism?


(A)  Rate = k [(CH3)3CBr][OH-]

(B)  Rate =  k [(CH3)3CBr] 



(C)  Rate = k [(CH3)3C+][OH-]

(D)  Rate =  k [(CH3)3C+][Br-]
10.
If the molar solubility of calcium phosphate, Ca3(PO4)2, is S mole/L, what is the value of its solubility product Ksp in term of S? 


(A) Ksp = 5S
(B) Ksp = S5
(C) Ksp = 108S5
(D) Ksp = 72S5 

11.
What is the solubility (in mol/L) of strontium fluoride (SrF2, Ksp = 2.9 x 10–9)? 



(A) 1.4 x 10-3 
(B) 3.4 x 10-4 
(C) 8.7 x 10-4 
(D) 5.1 x 10-5  

12.
Saturated solution of magnesium hydroxide, Mg(OH)2, has pH = 10.42. What is the Ksp of Mg(OH)2? 


(A) 7.3 x 10-11
(B) 1.8 x 10-11 
(C) 9.1 x 10-12 
(D) 2.3 x 10-12 
13.
Which of these water insoluble compounds will NOT dissolve in dilute nitric acid, HNO3(aq)?



(B) Ag3PO4
 (B) CaCO3
 (C) BaSO4
(D) All of them 

14.
Which reaction is spontaneous at low temperature, but becomes nonspontaneous at high temperature?



(A) CH4(g) + H2O(g)  (  CO(g) + 3H2(g);

Ho =  206 kJ



(B) N2(g)  +  3 H2(g)  (  2 NH3(g);

Ho = -92 kJ



(C) N2(g) +  O2(g) (  2NO(g) 


Ho =  180 kJ



(D) 2N2O5(g) (  2N2O4(g) + O2(g);

Ho = -3.6 kJ


15.
Which of the following processes has a negative entropy change (Ssys < 0)?



(A)  NaNO3(s)  (  NaNO3(aq)
(B)  H2O(l) at 0oC  (  H2O(l) at 25oC



(C)  Cl2(g)   (  Cl2(aq)

(D)  NH3(l) at -31oC  (  NH3(g) at -31oC;

16.
Identify a reaction that will never become spontaneous, regardless of the temperature.



(A) CO(g) + 2H2(g)  (  CH3OH(g);
Ho = -90. kJ



(B) H2(g) +  Cl2(g)  (  2HCl(g);

Ho = -184 kJ



(C) N2(g) +  2 H2(g) (  N2H4(l) 

Ho =  51 kJ



(D) N2O4(g)  (  2NO2(g);

Ho =  58 kJ


17.
Substance X has a heat of vaporization of 55.0 kJ/mol at its normal boiling point of 423oC. For the process:  X(l)  (  X(g) at 1 atm and 423oC, what is the value of Suniverse ?



(A) -79.0 J/K.mol
(B) 79.0 J/K.mol
(C) -130 J/K.mol
(D) 0.0 J/K 

18.
The following figure shows Go for a system plotted against absolute temperature. 
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From this plot, it is reasonable to conclude that, for the system:



(A) Ho > 0, So > 0;

(B) Ho > 0, So < 0;



(C) Ho < 0, So > 0;

(D) Ho < 0, So < 0.
19.
A voltaic cell is represented by the cell notation: Zn(s)│Zn2+(aq)║Cr3+(aq)│Cr(s) 

Which of the following statements is TRUE regarding this electrochemical cell?


(A) The electrons flow from the cathode to the anode.



(B) The electrons flow from the zinc to the chromium.



(C) The electrons flow from the chromium to the zinc.



(D) The chromium is oxidized.

Use the following standard reduction potentials for questions 20 - 24. 

Br2(aq)  +  2 e-   (  2 Br-(aq) 

Eo = +1.08 V



Cu2+(aq) +  2 e- (  Cu(s);

Eo = +0.34 V


Ni2+(aq)  +  2 e-  (  Ni(s);

Eo = -0.23 V

2 H2O(l) + 2 e- (  H2(g) + 2 OH-( aq);
Eo = -0.41 V



Fe2+(aq)  +  2 e-  (  Fe(s);

Eo = -0.44 V



Zn2+(aq)  +  2 e-  (  Zn(s);

Eo = -0.76 V



Al3+(aq)  +  3 e-  (  Al(s);

Eo = -1.66 V


Li+( aq)  +  e-      (  Li(s) 

Eo = -3.05 V

20.
Which of these reactions is spontaneous?


(A)  Cu(s)  +  Ni2+(aq)  (  Cu2+(aq)  +  Ni(s);



(B)  Zn(s)  +  Ni2+(aq)  (  Zn2+(aq)  +  Ni(s);



(C)  Ni(s)  +  Zn2+(aq)  (   Ni2+(aq)  +  Zn(s);



(D)  Cu(s)  +  Zn2+(aq)  (  Cu2+(aq)  +  Zn(s);

21.
What is the standard cell potential (Eocell) for the following reaction?




2 Al(s) + 3 Fe2+(aq)  (  2 Al3+(aq)  +  3 Fe(s) 



(A)  4.64 V
      (B)  2.10 V
   
(C)  2.00 V

(D)  1.22 V

22.
Calculate Go for the reaction:  Zn(s)  +  Fe2+(aq)  (  Zn2+(aq)  +  Fe(s)

(A) -31 kJ
(B) -62 kJ
   (C) +120 kJ

(D) +230 kJ

23.
The reaction: Cl2(aq)  +  2 Br-( aq) (  Br2(aq)  +  2 Cl-( aq),  has the cell potential Eocell = 0.28 V


What is the reduction potential for the following half-reaction?  

Cl2(aq) +  2 e-  (  2 Cl-(aq) 


(A)  1.36 V
      (B) 0.80 V
   
(C) –0.80 V

(D) 0.68 V

24.
What products are formed at the anode and cathode, respectively, when aqueous solution of LiBr is electrolyzed?

(A) Br2 and Li

(B) Br2 and H2

(C) H2 and Li
   
(D) O2 and H2
25.
A concentration cell is constructed using two Cu electrodes. One of the electrodes is placed in 1.0 M CuSO4 solution and the other in saturated solution of CuCO3. If Ecell = 0.27 V at 25°C, calculate the concentration of Cu2+ in the saturated solution?

(A) 7.5 x 10–10 M

(B) 2.7 x 10–5 M
 (C) 1.1 x 10–4 M
(D) 1.0 x 10–2 M
____________________________________________________________________________________
Part B: Be sure to show a complete solution to each problem in this section.
B1.
(8) The decomposition of dinitrogen pentoxide, N2O5, follows a first-order rate law: 



 2 N2O5(g)  (  4 NO2(g)  +  O2(g);
Rate = k[N2O5]

This reaction has an activation energy Ea = 102 kJ/mol and rate constant k = 4.8 x 10-4 s-1 at 45oC. What is the rate constant at 65oC? (Assume the activation energy remains constant.) 
B2.
(7) A chemist studying the breakdown in soil of insecticide DDT finds that it decomposes by a first order reaction with a half-life of 12 yrs. How long does it take for DDT to decompose from 275 ppbm to 12 ppbm (parts per billion by mass) in a soil sample?

B3.
(10) The dimerization of butadiene, C4H6, follows second order rate law:



2C4H6(g)  (  C8H12(g);
   Rate = –
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A sample of C4H6 with an initial concentration of 0.01000 M is allowed to dimerize at a certain temperature. After 30.0 minutes, its concentration is found to be 0.00476 M.  (a) Calculate the second order rate constant k for the dimerization of butadiene. (b) Calculate the first half-life of the dimerization of butadiene (that is, time for [C4H6] to decrease from 0.01000 M to 0.00500 M).
B4.
(10) The steam reformation of methane gas is an industrial process for the production of H2 gas.



CH4(g)  +  H2O(g)  (  CO(g)  +  3H2(g)

(a) Given the following thermodynamic data calculate Ho and So. 

(b) What are the values of Go at 298 K and 1200 K, respectively? (Assume that Ho and So are independent of the reaction temperature. (c) At which temperature is the above reaction spontaneous?
	Substance:
	   H2(g)     
	   H2O(g)   
	CO(g)
	   CH4(g)

	Hof (kJ/mol):
	   0.0
	  -241.8
	 -110.5
	  -74.9

	  So (J/K.mol):
	   131
	   189
	   198
	   186


B5.
(10) The industrial process for methanol production is carried out by the following reaction at 250oC.



CO(g) + 2H2(g)  (  CH3OH(g),  

The reaction has Ho = -90.5 kJ  and  So = -220 J/K. 
(a) Is the reaction spontaneous when carried out at 250oC and the partial pressure of each gas is 1 atm? (b) Will the reaction be spontaneous at 250oC if the partials pressures are as follows:  

PH2 = 50. atm, PCO = 25 atm, and PCH3OH = 15 atm? 

B6.
(12) A voltaic cell is set up using Cr|Cr(NO3)3(aq) and Ni|Ni(NO3)2(aq) half-cells. The reduction potentials for these half-cells are as follows:




Ni2+(aq)  +  2e-  (  Ni(s);
Eo = -0.23 V



Cr3+(aq)  +  3e-  (  Cu(s);
Eo = -0.73 V

(a) Write ionic equations for: (i) the anode half-cell reaction; (ii) the cathode half-cell reaction, and 

(iii) the overall cell reaction. (b) Calculate the standard cell potential (Eocell) and Go at 25 oC. 

(c) Calculate the cell potential (Ecell) at 25oC when [Ni2+] = 0.0050 M and [Cr3+] = 0.15 M.
B7.
(8) The electrolysis of a molten metal chloride (formula = MCl3) using a direct current of 1.50 amperes (A) for 30.0 minutes produces 0.420 gram of metal M. Calculate the atomic mass of the metal and identify the metal (use periodic table). 

B8.
(10) A common car battery consists of six identical cells each of which carries out the reaction:




Pb + PbO2 + 2HSO4– + 2H+ ( 2PbSO4 + 2H2O;
  

(a) Suppose that in starting a car on a cold morning a current of 225 amperes (A) is drawn for 15.0 seconds from the battery. How many grams of Pb would be consumed? 

(b) If the average voltage output of the car battery is 12 V, calculate the energy (in kJ) consumed in starting the car.
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