BCC, Fall 2011

Chem 1B, Test Review #2


1.
The following kinetics data were obtained for the reaction:




2NO(g)  +  Cl2(g)  (  2NOCl(g)

Expt. #
[NO]0, M
[Cl2]0, M      Initial Rate, (mol.L-1.s-1)


((((((((((((((((((((((((((

  1
 0.020

 0.010

  6.2 x 10-4

  2
 0.040

 0.010

  2.5 x 10-3

  3
 0.040

 0.030

  7.4 x 10-3 


  4
 0.050

 0.025

  ? 


((((((((((((((((((((((((((

(a) Determine the rate law for this reaction and calculate the value of the rate constant, k.


(b) What is the initial rate when the concentrations are [NO]0 = 0.40 M and [Cl2]0 = 0.20 M ?


(Answer: (a) k = 150 L2.mol-2.s-1;  (b) Rate = 9.4 x 10-3 mol/L.s)

2.
The initial rates following reaction at a certain temperature are given in the table below.


   CH3COCH3(aq)  +  Br2(aq)  (  CH3COCH2Br(aq)  +  H+(aq)  +  Br-(aq) 


the initial rates are given in the following table:


——————————————————————————————



[CH3COCH3]0, M
[Br2]0, M
[H+]0, M
Initial Rate (M/s)


——————————————————————————————


0.100
0.100
0.100
4.0 x 10-5 



0.200
0.100
0.100
8.0 x 10-5 



0.200
0.200
0.100
8.0 x 10-5 



0.100
0.200
0.0500
4.0 x 10-5 


——————————————————————————————


(a) Determine the rate law for the above reaction. (b) Calculate the rate constant.  (c) What is the initial rate when [CH3COCH3]0 = 0.500 M; [Br2] = 0.500 M, and [H+] = 0.0100 M?

(Answer: (b) 4.0 x 10-3 L/(mol.s);  (c) 2.5 x 10-5 M/s)
3.
The re-arrangement of methyl isonitrile to methyl cyanide,




CH3NC  (  CH3CN


follows a first order kinetics with a rate constant, k = 3.3 x 10-3 s-1 at 250 oC.


(a) Sketch a suitable graph that would yield a straight line.


(b) What is the half-life for the reaction at 250 oC? 



(c) If the initial concentration of methyl isonitrile (CH3NC) is 0.025 M, determine its concentration after 10.0 minutes has elapsed?  

(d) How long does it take for 90.0% of CH3NC to undergo re-arrangement?


(Answer: (b) 210 s;  (c) 3.5 x 10-3 M;  (d) 7.0 x 102 s (12 minutes))
4.
Consider the following data for the gas-phase decomposition of NO2:




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


——————————————————————————————



Temperature 

Initial 

Initial Rate of

     
      (K) 


[NO2], M
Decomposition of NO2 (M/s)


——————————————————————————————



600
0.0010
5.4 x 10-7 



600
0.0020
2.2 x 10-6 



700
0.0020
5.2 x 10-5 


——————————————————————————————


(a) Determine the rate law for the decomposition of NO2.
(b) What is the activation energy for this reaction in kJ/mol?



(c) Calculate the rate constant at 650 K.


(d) If 0.0050 mole of NO2 is introduced into a 1.0 L flask and allowed to decompose at 650 K, how many seconds does it take for the NO2 concentration to drop: (i) to 0.0025 M; (ii) to 0.0010 M?

(Answer: (b) Ea = 110 kJ/mol;  (c) k = 3.0 L/(mol.s) at 650 K;  (d) (i) 67 s;  (ii) 270 s)
5.
The following mechanism has been suggested for the peroxosulfate-iodide reaction:. 



Step-1:
 I-  +  S2O82-  (  IS2O83-

(slow)



Step-2:
      IS2O83-  (  2 SO42-  +  I+
(fast)



Step-3:
 I+ +  I-    (  I2


(very fast)


   Step-4:   I2  +  I-  (  I3-


(very fast)


(a) Write the net equation for the overall reaction.


(b) What is the molecularity of the rate-determining step? 


(c) Identify all reaction intermediates.


(d) Derive the rate law for the reaction. 

6.
Rate constants for the decomposition of gaseous dinitrogen pentoxide are 3.7 x 10-5 s-1 at 25 oC and 1.7 x 10-3 s-1 at 55 oC. 
N2O5(g)  (  4 NO2(g)  +  O2(g);   Ho =  122 kJ.

(a) What is the activation energy for this reaction in kJ/mol?

(b) What is the rate constant at 35oC? 
7.
For each of the following reactions, predict whether the reaction is spontaneous under any conditions, nonspontaneous under any conditions, or can become spontaneous under certain conditions (specify the condition). Explain each answer you provide.


(a)  C2H4(g)  +  H2(g)  (  C2H6(g);

  Ho = -136.94 kJ.


(b)  2 NOCl(g)  (  2 NO(g)  +  Cl2(g);
  Ho = +128.79 kJ 


(c)  2 KClO3(s)   (  2 KCl(s) + 3 O2(g);
  Ho = -78.03 kJ


(d)  CH4(g)  +  H2O(g)  (  CH3OH(g) + H2(g);   Ho = +116 kJ

8.
For the reaction:  
2 NOCl(g)  (  2 NO(g)   +   Cl2(g), 


—————————————————————————



Hfo (kJ/mol):
   51.71

90.29
      0.0


  
So(J/mol.K):
 261.6
 
210.65
   223.0


—————————————————————————


Calculate Ho, So, Go, and the equilibrium constant, Kp, at  298 K.  Is the reaction spontaneous at 25oC?   (Answer: Ho = 77.16 kJ;   So = 121.1 J/mol.K;   Go = 41.07 kJ;
Kp = 4.7 x 10-7)

9.
For the following equilibrium at 1 atm:  CH3OH(l)  ⇄  CH3OH(g),  Hovap = 37.4 kJ/mol at 60.7oC. If the standard entropy for CH3OH(l) is 126.8 J/(mol.K), what is the standard entropy for CH3OH(g)? 


(Answer: Sog = 238.8 J/mol.K)

10.
The normal boiling point of bromine is 58.8oC, and the standard entropies of the liquid and vapor are So[Br2(l)] = 152.2 J/(K.mol) and So(g)] = 245.4 J/(K.mol). At what temperature does bromine have a vapor pressure of 227 torr?  (Answer:  26.5oC)
11.
The molar solubility of lead(II) iodide is 1.45 x 10-3 mol/L at 20 oC and 6.85 x 10-3 mol/L at 80 oC. What are the values of Ho and So for the dissolution of PbI2?





PbI2(s)  ⇄   Pb2+(aq)  +  2 I-(aq) 


You may assume that Ho and So are independent of temperature.


(Answer: Ho = 66.9 kJ;  So = 76.7 J/K)
12.
Given that, for liquid carbon disulfide, Hof[CS2(l)] = 89.0 kJ/mol and So[CS2(l)] = 151.3 J/(K.mol), and for gaseous carbon disulfide, Hof[CS2(g)] = 116.7 kJ/mol and So[CS2(g)] = 237.7 J/(K.mol). Determine the normal boiling point of carbon disulfide (CS2). (Normal boiling point is the temperature at which the equilibrium vapor pressure of the liquid is 1 atm.)
13.
A “humidity sensor” consists of a cardboard square that is colored blue in dry weather and red in humid weather. The color change is due to the reaction:



CoCl2(s)  +  6H2O(g) ⇄  [Co(H2O)6]Cl2(s)  


For this reaction at 25oC, Ho = -352 kJ/mol and So = -899 J/(K.mol). Assuming that both Ho and So are independent of temperature, what is the vapor pressure of water (in torr) at equilibrium for the above reaction at 35oC on a hot summer day?
14.
Given the following reduction potentials:


Half-Reaction





Eo (V) __


MnO
[image: image1.wmf]-

4

 (aq) + 2H2O(l) + 3 e-  (  MnO2(s) + 4 OH–(aq);
+0.60


OCl–(aq)  + H2O(l) +  2 e-   (  Cl–(aq) + 2 OH–(aq);

+0.89




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


+0.15




  Fe3+(aq)  +  e-   (  Fe2+(aq);


+0.77


((((((((((((((((((((((((((((

(a) Which is the strongest oxidizing agent?  
(b) Which is the weakest oxidizing agent? 


(c) Which is the strongest reducing agent?   
(d) Which is the weakest reducing agent? 


(e)  Balance the following net ionic equation and predict whether the forward reaction is spontaneous or nonspontaneous. Explain your answers.



(i)  MnO
[image: image2.wmf]-

4

(aq)  +  Cl-(aq) +  H2O(aq)   (  MnO2(s)  +  OCl- (aq) +  OH-(aq)


(ii) Fe3+(aq)  +  Cu+(aq)   (  Fe2+(aq)  +  Cu2+(aq);

15.
Consider the following voltaic cell:  Cr(s)|Cr(NO3)3(aq, 1 M)||AgNO3(aq, 1 M)|Ag(s)


(a) Write a net ionic equations for the (i) anode half-cell reaction; (ii) the cathode half-cell reaction, and (iii) the overall cell reaction.  (b) Calculate the standard cell potential (Eocell) for this electrochemical cell. (c) Sketch the voltaic cell, using KNO3(aq) as the salt bridge.  Indicate the anode half-cell, the cathode half-cell, the direction electrons flow in the external circuit (wire), and the directions ions (K+ and NO3-) flow in the salt bridge.  (Answer: Eocell = 1.54 V)

16.
Consider the following half-cell reactions:




Zn2+(aq)  +  2 e-   (  Zn(s);
Eo  =  -0.76 V




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


(a) Write the cell notation of a voltaic cell that uses Zn in ZnSO4(aq) and Ni in NiSO4(aq) half-cells. 


(b) Write the net ionic equation for the overall cell reaction and calculate Eocell at 25 oC. 


(c) What is the Ecell when  [Zn2+] = 0.10 M,  and [Ni2+]  = 0.10 M


(d)  Calculate Go and Kc, respectively, for the overall reaction at 25 oC.


(e)  What is the maximum energy available for work if 3.27 g of zinc is oxidized at an average cell potential of 0.50 V?


(Answer: (b) Eocell = 0.53 V;  (c) Ecell = 0.53 V;   (d) Go = -102 kJ;  Kc = 8.5 x 1017;   (e) W = 2.4 kJ)

17.
A mercury battery uses the following electrode half-reactions:



HgO(s)  +  H2O(l)  +  2 e-  (  Hg(l)  +  2 OH-(aq);

Eo = 0.098 V



ZnO(s)  +  H2O(l)  +  2 e-  (  Zn(s)  +  2 OH-(aq);

Eo = -1.260 V


(a) Write a balanced equation for the overall cell reaction and calculate the Eocell at 25 oC.

(b) Calculate Go (in kilojoules) and K at 25 oC for the cell reaction.


(c) What is the effect on the cell voltage of a tenfold change in the concentration of KOH in the electrolyte? Explain.


(Answer: (a) Eocell = 1.358 V; (b) Go = -262 kJ;  K = 8.62 x 1045)
18.
Calculate the values of Eo, Go (in kilojoules), and K at 25oC for the cell reaction in a hydrogen-oxygen fuel cell: 2 H2(g)  +  O2(g)  (  2 H2O(l). What is the cell voltage at 25 oC if the partial pressure of each gas is 25 atm?  

(Answer: Eo = 1.23 V;  Go = -475 kJ;  K = 1 x 1083;  E = 1.29 V)
19.
A constant current of 100.0 A is passed through an electrolytic cell having an impure copper anode, a pure copper cathode, and an aqueous CuSO4 electrolyte. How many kilograms of copper are refined by transfer from the anode to the cathode in a 24.0 hr period?  (Answer:  2.85 kg )

20.
How long does it take to produce 1.00 kg of copper by electrolysis of aqueous CuSO4 solution using electrolytic cells that operate at 3.0 V and deliver a constant current of 100.0 A? How much energy is consumed during the electrolysis?  (Answer: 8.43 hrs;  G = 9.1 x 106 J = 2.5 kWh)

21.
A concentration cell is set up sing two half-cells where one of the half-cells contains a zinc metal electrode in 1.0 M ZnSO4(aq) and the other half-cell contains a zinc metal in saturated solution of ZnS. The two half-cells are connected with a salt-bridge containing aqueous K2SO4. When both electrodes are connected, the voltmeter measures a voltage of 0.32 V. Assuming that the temperatre in 25oC, calculate concentration of Zn2+ in the saturated solution and the Ksp for ZnS.


(Answer:  [Zn2+] = 1.5 x 10-11 M; Ksp = 2.3 x 10-22)
22.
The products of electrolysis of molten NaCl are sodium metal and chlorine gas. However, the electrolysis of aqueous NaCl produces hydrogen and chlorine gases. (a) Explain why sodium is not produced when aqueous NaCl solution is electrolyzed. (b) How many grams of sodium is produced in 1.00 hour if molten NaCl is electrolyzed using a current of 7.5 x 103 A? (c) How many liters of Cl2 gas measured at STP are produced in 1.00 hour using the same amperage? 


(Answer: (b) 6.4 x 103 g;  (c) 3.1 x 103 L)

23.
What are anodic and cathodic protections in the prevention of corrosion? Give an example and explanation on how each protection method works.
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