Chemistry 12 Review

Chemistry 12

Review Sheet on Unit 1 -Reaction Kinetics

1.
Looking at the expressions for reaction rate on page 1 SW, write similar expressions with which you could express rates for the following reactions. (Hint: look at what happens to reactants and products.) Recall that solid or liquids can lose or gain mass, gases can lose or gain volume and aqueous solutions can increase or decrease in concentration. ("a" is done as an example.)



a)                                  Mg(s) +  2HCl(aq) ( H2(g)  +  MgCl2(aq)


                                       reaction rate = mass of Mg consumed

                                                reaction rate = mass of Mg reacted
                                                                                       unit time

        
                   or                       reaction rate = volume of H2 produced
                                                                                         unit time

                            or                       reaction rate = decrease in [HCl]
                                                                                      unit time

                            or                       reaction rate = increase in [MgCl2]

                                                                                         unit time



b)                                  AgNO3(aq) + NaCl(aq) (   NaNO3(aq) + AgCl(s)

c)                                      C(s)  +  O2(g)  (   CO2(g)
2.
For each of the following reactions find a quantity or property which could be monitored in order to measure the rate of reaction See p. 2-5 in SW. ("a" is done as an example.)



a)                    3H2(g)  +  N2(g)  (  2NH3(g)    



                                                      pressure will decrease as reaction proceeds because 


                                                      you are going from 4 moles of reactants to 2 moles


                                                      of products. Assuming you have a constant volume,
                                                                     less moles exert less pressure.


b)                    CaCO3(s)  (    CaO(s)   +     CO2(g)

  
                                                       Two things could be monitored here. Look at the
                                                                                 states of everything carefully.


c)                             2NO2(g)   (  N2O4(g)


                                    brown                   colourless
                                                                       Two things could be monitored here. One is obvious. Look at 
                                                                                          the states of everything carefully for the other one.
3.
A chemist wishes to determine the rate of reaction of beryllium with hydrochloric acid. The equation for the reaction is:


            Be(s)  +   2HCl(aq)     (   H2(g)   + BeCl2(aq)


A piece of beryllium is dropped into 1.00 L of  HCl(aq) and the following data were obtained:



                               Time                                  Mass of Beryllium

	0 s

4 s

8 s

12 s

16 s

20 s
	0.020 g

0.018 g

0.016 g

0.014 g

0.012 g

0.010 g



a)
Calculate the Rate of Reaction in grams of Be consumed per second.




Answer___________________


b)  Calculate the Rate of Reaction in moles of Be consumed per second.




Answer___________________


c)
What will happen to the [HCl] as the reaction proceeds?
_________________________




_____________________________________________________________________

4.
When pentane (C5H12) is burned in air (oxygen), the products carbon dioxide and water are formed.


a)
Write a balanced formula equation for this reaction.




_____________________________________________________________________


b)  If pentane is consumed at an average rate of 2.16 grams/s, determine the rate of 
    consumption of pentane in moles/s.




Answer___________________


c)
If pentane is consumed at an average rate of 0.030 moles/s, determine the rate of 
     consumption of oxygen in moles/s.




Answer___________________


d)  If pentane is consumed at an average rate of 0.030 moles/s, determine the rate of 

     production of CO2  in moles/s.




Answer__________________


e)
If pentane is consumed at an average rate of 0.030 moles/s, determine the rate of 
     production of CO2  in grams/s.




Answer__________________

5.
On the following set of axes, draw the shape of the curve you would expect if you plotted the [HCl] vs. Time, starting immediately after the two reactants are mixed. The equation for the reaction is:



                     Zn(s)       +       2HCl(aq)      (         H2(g)    +        ZnCl2(aq)

                   [image: image1.wmf][HCl]

Time



Explain how you got that particular shape. Be detailed.

6.
How many possible collisions are there between 3 H2 molecules and 3 I2 molecules?   


(a diagram may help)

7.
a)
In a room filled with H2 and O2 there are about 1032 collisions per second. Explain 
      why the reaction between H2 and O2 at room temperature is so slow as to be 
      unnoticeable!



___________________________________________________________________


b)
Suggest two ways in which the reaction in question "7a" could be speeded up.




1.___________________________________________________________________




2.___________________________________________________________________

8.
What might be done to a solid catalyst in order to make it more efficient?




_____________________________________________________________________

9.
a)  The following diagram shows a graph of Number of Particles vs. the Kinetic Energy for 
     a  sample of molecules colliding: 

[image: image2.wmf]Activation Energy

Number of  

 Particles

Kinetic Energy



Approximately what fraction of the molecules in the sample have enough energy for an


effective collision?



Answer _____________________



Answer ____________________


b)
On the diagram in question "a", draw the curve you would expect at a higher 
      temperature in which the rate of the reaction is doubled. Be careful to be accurate! 
      Label it.
10.
a)
When two moles of A react with one mole of B, a reaction occurs in which three moles 
       of C are formed and 34.5 kJ of heat are given off. Write an equation for this reaction 

showing the heat of reaction (∆H) at the right of the equation.




___________________________________________________________________


b)
Write a thermochemical equation for the reaction in (a) (ie. the Heat Term is right in the         
          equation.)



___________________________________________________________________


c)
Write a thermochemical equation which shows what happens when 3 moles of C 
decompose 
       to form two moles of A and 1 mole of B. (See the reaction in "b")



___________________________________________________________________


d)
What would happen to the temperature of the surroundings if the reaction mentioned 
      in "a" was carried out? _______ This type of reaction which releases heat is called






____________________________________________________________________


e)
In the reaction mentioned in question "a"  which has more enthalpy, the reactants or
      

              the products? __________________________________


f)
What is meant by enthalpy? (Look it up!)
_____________________________________




____________________________________________________________________

11.
Use the following Potential Energy Diagram to answer all the questions below:

          [image: image3.wmf]


a)   What is the value of ∆H for the forward reaction ?   
Answer_______________



b)   What is the value of the activation energy for the forward reaction?

                                                 
Answer_______________



c)   What is the value of the activation energy for the reverse reaction?

                                                 
Answer_______________



d)    Which is a stronger bond, A--A  or  A--B ? 

                                              
Answer_______________



e)     Explain your answer to (d) 



________________________________________________________________



________________________________________________________________



f)    Which species is the activated complex? 
________________________________



g)    Which set of species has the lowest potential energy?  Answer________________



h)     Is the reaction as written endothermic or exothermic? Answer ________________



i)     What is the minimum energy needed to start the reaction    AB + A (   A2 + B ?

                                                 
Answer________________



j)     What happens to the kinetic energy (speed) of AB and A as the reaction on as 
            shown on the graph proceeds past the activated complex and toward the products?

                                                 
Answer_____________________________



k)    For A2 and B to form the activated complex they must have the proper energy and 



       the proper 
_______________________________________________________



l)     If a catalyst C is used in this reaction, it takes place by means of a different 

               mechanism. This one involves two steps.

           
                                    A2  + C   (     AC  +  A          (slow)

            
                                    AC  +  B  (     AB  + C          (fast)


       Draw another curve on the graph with another colour showing the catalyzed 

               reaction. 
(Remember it has two steps so it should have two bumps! Also be aware              that one of  the bumps is higher than the other! )


m)  Which step in question (l) is the rate determining  step?
Answer____________



n)    Looking at only the equations for the steps in question "l", how could one tell that              "C" is a catalyst? 



o)    What is ∆H for the reverse reaction to what is shown on the graph? Answer______



p)    What effect did the catalyst have on the activation energy for the forward 
             reaction? 




____________________________________________________________



          For the reverse reaction? 
_________________________________________



q)     What effect did the catalyst have on the ∆H of the forward reaction? 
_________



         The reverse reaction?
______________________________________________

12.
Name four instances in which catalysts are used in industry or everyday life and tell which catalysts are used.




13.
Describe what happens to the kinetic energy, potential energy and the total energy of reactant molecules as they approach each other.

14.
Explain why a lower activation energy for a reaction leads to a greater reaction rate at a given temperature.

15.
A small piece of zinc react with 2.0 M HCl to produce 12.0 mL of H2 gas in 30.0 seconds. Calculate the rate of reaction 


a)  In mL of H2/second



Answer__________________________


b) In moles of H2/second




Answer__________________________

16.
Which of the following reactions is most likely to have the greatest rate at room temperature?

 
a)     Ag+(aq)  +  I- (aq)  (    AgI(s)


b)     H2 (g)    +   Cl2 (g) (     2HCl (g)


c)     C3H8 (g)   +   5O2 (g)  (       3CO2 (g)  +   4H2O (g)


d)     Fe (s)  +   S(s)   (        FeS (s) 


Answer________________. Explain how you arrived at your answer.
_______________

17.
State whether the following are endothermic or  exothermic .

a)     S   +    O2    (   SO2           ∆H =  -297 kJ
______________________________


b)     NO2  -  33.8 kJ   (   1/2 N2  +   O2
______________________________


c)
   N2  +   O2  +  90.4 kJ   (    2NO
______________________________


d)     N2H4  +  O2   (    N2   +   H2O   +  627.6 kJ    
___________________________

18.
Consider the reaction:



Ca(s)  +   2HBr (aq)  (   H2 (g)  +   CaBr2 (aq)   +   heat


State whether the following changes would increase the rate or not?: 


a)
Let the CaBr2 solution evaporate without changing the temperature.
____________


b)   Allow the  H2 (g) to escape …………………………………………..
____________


c)    Decrease the temperature.  ...................................................................
____________


d)    Increase the temperature.  ....................................................................
____________ 


e)    Increase the [HBr] .  ............................................................................
____________

19.
Consider the rate of the following reaction:


            Sn(s)  +   2HCl(aq)     (   H2(g)   + SnCl2(aq)


a)
Is it dependent on temperature? ____________________. Explain your answer.
       b)  Is it dependent on pressure? ___________________. Explain your answer.


c)
Is it dependent on surface area? ___________________. Explain your answer.

20.
Consider the following reaction:


                              2NO(g)    +    2H2(g)    (   N2(g)    +     2H2O(g)


Data collected for the above reaction was used to construct the following graph:

                [image: image4.wmf]10
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From this graph, determine the rate of reaction in moles of NO consumed per second.



Answer _______________

21.
Use the following Potential Energy Diagram to answer the questions below:

               [image: image5.wmf]1.2
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a)
  Determine the Activation Energy for the forward reaction...
_________________kJ


b)
  Determine the Activation Energy for the reverse reaction....
_________________kJ


c) 
What is the Enthalpy Change (H) for the forward reaction?..
_________________kJ


d) 
What is the Enthalpy Change (H) for the reverse reaction?..
_________________kJ


e)  The forward reaction is _____________thermic.


f)  The reverse reaction is ______________thermic.


g)  Which species or set of species forms the Activated Complex?
________________


h)  Which bond is stronger,  A--B  or  B--C?___________________. Give a reason for

 
      your answer.
_______________________________________________________


i)  Particles from which species or set of species is moving the fastest?
_____________


    State how you arrived at your answer.
____________________________________


j)  Particles from which species or set of species is moving most slowly?
___________


    State how you arrived at your answer.
____________________________________


k)  The compound "AB" is a gas and the element "C" is a solid. What effect would 
      grinding "C" into a fine powder have on the graph shown here? 




_________________________________________________________________

22.
What two requirements must be met before a collision between two reactant particles is effective?


1.

__________________________________________________________________


2.

__________________________________________________________________

23.
Describe what happens to two reactant particles which collide with less energy than the Activation Energy.




__________________________________________________________________

24.
Given the following Potential Energy Diagram for a 3 step reaction, answer the questions below
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a)  Which arrow indicates the activation energy  for the first step of the reverse reaction?



b)  Which arrow indicates the activation energy for the first step of the forward reaction?
  


c)  Which arrow indicates the activation energy for the second step of the forward 
      reaction?
      _______


d)  Which arrow indicates the enthalpy change (H) or "heat of reaction" for the overall  



forward reaction?  
_______


e)  Which arrow indicates the enthalpy change (H) or "heat of reaction" for the overall  



reverse reaction?  
_______


f)  Which arrow indicates the activation energy for the overall  forward reaction? ______


g)  Which step would be the rate determining step in the forward reaction?
________

25.
Given the reaction:                   HCOOH   (     CO   +    H2O   
a)  This reaction, without a catalyst, is very slow at room temperature. Suggest why.
_____



__________________________________________________________________

b)  This reaction is thought to take place by means of the following mechanism when the 
catalyst  
     H+  is added:



        Step 1:   HCOOH  +   H+    (        HCOOH2+         (fast)



        Step 2:    HCOOH2+   (      H2O   +   HCO+      (slow)

                     Step 3:       HCO+         (        CO  +   H+                   (fast)


c)  Identify the two intermediates
___________________________________________


d)  Identify the catalyst in this mechanism
____________________________________


e)  Another  catalyst is discovered which increases the rate of only Step 1.  How will this       affect  the rate of the overall reaction? ______________________________________



 Explain your answer.
__________________________________________________


f)  Which step has the greatest activation energy?
_______________________________


g)  How many "bumps" will the potential energy diagram for the catalyzed reaction have?




___________________________________________________________________


h)  Which step is called the rate determining step in this mechanism?
_______________


i)  In order to have successful collisions, the colliding particles must have both the proper


     amount of energy and the proper 
__________________________________________

f)  On the set of axes below, draw the shape of the curve you might expect for the 
reaction in 
    this question.  The overall reaction is exothermic!  Make sure you get the 
"bumps" the correct
    relative sizes.

[image: image7.wmf]Potential 

Energy


                                                            [image: image8.wmf]Progress of Reaction


26.
Given the following mechanism, answer the questions below:



Step 1:          O3  +  NO  (   NO2  +  O2   (slow)



Step 2:          NO2  +  O  (   NO  +  O2  (fast)


a)  Give the equation for the overall reaction.


b)   What could the catalyst be in this mechanism?
_________________________


c)   What is an intermediate in this mechanism?
_______________________________

28.
The equation for an overall reaction is:       I-  +   OCl-    (     IO-   +    Cl-

a)  The following is a proposed mechanism for this reaction. One of the species has been 
    left  out. Determine what that species is and write it in the box.  Make sure the charge 
    is correct if it has one!



       Step 1:    OCl-   +    H2O    (     HOCl   +    OH-    ( fast )

 
       Step 2:    I-    +    [image: image9.wmf]    (      IOH    +    Cl-       ( slow )


       Step 3:     IOH    +    OH-   (  IO -  +    H2O   ( fast ) 


b)  Which species in the mechanism above acts as a catalyst?
_____________________


c)  Which three species in the mechanism above are intermediates?
_________________


d)  Step ______________ is the rate determining step.


e)  On the set of axes below, draw the shape of the curve you might expect for the reaction in this question.  The overall reaction is endothermic!  Make sure you get the  "bumps" the correct relative sizes.

[image: image10.wmf]Potential 

Energy
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                 Chemistry 12        Review Sheet on Unit  2

1.
What two things are equal at equilibrium?

 


_________________________________ and ________________________________

2.
Consider the following potential energy diagram:

[image: image11.wmf]

a)
Which reaction, forward or reverse, will be affected more by an increase in 
      temperature?
_______________________________________


b)
Write a thermochemical equation for the forward reaction using the numerical value 
       for the heat.




Answer _______________________________________________________________


c)
When the temperature is first raised, which reaction will increase most in rate, forward
      or reverse?
_____________________________________________________________




Explain why.
__________________________________________________________


d)
If the rate of the forward reaction is faster than the reverse reaction for awhile, what 



will happen to the [A2] and [B2]?   
___________________________________________
e)
If the [A2] and [B2] increases, what will happen to the rate of the reverse reaction?




___________________________________________


f)
When the reverse reaction rate catches up to the forward reaction rate, the system is 
 again at
__________________________________________________________________


g)
Since, for awhile, the rate of the forward reaction was faster than the rate of the 


reverse reaction, there would be an increase in the concentrations of 
______________________



and a decrease in the concentration of___________________in the second equilibrium.


h)
We can summarize by saying that the equilibrium has shifted to the 
_____________ as 
       a result of increasing the temperature.


i)
Draw a graph showing the rates of the forward and reverse reactions vs. time 
      summarizing what happens in 2(c) to 2(f). 


3.
Consider the reaction: A2(g)     +       B2(g)   [image: image12.wmf]   2C(g)
a)If one mole of A2 and one mole of B2 are placed in a 1.0 L container, an equilibrium is 
established in which [A2] and [B2] = 0.40 M and [C] = 1.2 M. If 2.0 moles of C are 
placed into another 1.0 L container at the same temperature, what will the final 
concentrations of all the species be? (HINT: This is not a calculation. It deals with how 
equilibrium can be approached from the left or from the right. )




[A2] = ________________       [B2] = _______________      [C] = ______________

b)
Sketch two graphs showing each of the activities performed in 3a. The graphs are 

      concentration vs. time. 


(Starting with 1 mole A2 and 1 mole of B2)

[image: image13.wmf]
(Starting with 2 moles of C)

[image: image14.wmf]
4.
Give four characteristics of the equilibrium state.


1.

_____________________________________________________________________


2.

_____________________________________________________________________


3.

_____________________________________________________________________


4.

_____________________________________________________________________

5.
Explain why the colour of NO2 gas first gets darker and then gets lighter when compressed in a syringe. The equation is:

N2O4(g)   [image: image15.wmf]   2NO2(g)     



                                                      colourless             dark brown        
6. Define enthalpy
__________________________________________________________

7.
Define entropy
__________________________________________________________

8.
For the reaction:  

ZnCl2(aq)   +   H2(g)    [image: image16.wmf]    Zn(s)   +   2HCl(aq)           H= +152 kJ


The tendency toward minimum enthalpy favours the  ____________________ . The

 
tendency toward maximum entropy favours the 
__________________________________


If the reactants are combined will the reaction go to completion, not occur at all or reach a state of equilibrium?

9.
For the reaction:   

2NaHCO3(s)  +   heat   [image: image17.wmf]  Na2SO3(s)   +   CO2(g)   +   H2O(g)

As this reaction proceeds right, enthalpy is _______creasing  and entropy is ______creasing.


If the reactants are combined will the reaction go to completion, not occur at all or reach a state of equilibrium?



______________________________________________________________________

10.For the reaction:   

Cl2(aq)    +   25 kJ    [image: image18.wmf]    Cl2(g)


The tendency toward minimum enthalpy favours the  ____________________ . The

 
tendency toward maximum entropy favours the 
__________________________________


If the reactants are combined will the reaction go to completion, not occur at all or reach a state of equilibrium?
___________________________________________________________________

11.
For the reaction:

Na(s)   +   H2O(l)  [image: image19.wmf]  Na+(aq) +  OH-(aq)  +   ½ H2(g)          H = -184 kJ


Which way will the equilibrium shift when the following changes are made:


a)
NaCl(aq)  is added ..............................................
____________________________


b)
The pressure is increased ................................
____________________________


c)
The [OH-] is decreased .....................................
____________________________


d)
The temperature is decreased .........................
____________________________


e)
The volume of the container is decreased ........
___________________________


f)
The solid sodium is chopped into smaller pieces..
____________________________


g)
A catalyst is added ..........................................
____________________________

12.
For the following reaction:  

4NH3(g)   +    5O2(g)   + heat  [image: image20.wmf]  4NO(g)   +   6H2O(g)

Which way will the equilibrium shift  (if any) when the following changes are made:


a)
[NO] is decreased ............................................
______________________________


b)
[O2] is increased .............................................
______________________________


c)
[NH3] is increased ...........................................
______________________________

4NH3(g)   +    5O2(g)   + heat  [image: image21.wmf]  4NO(g)   +   6H2O(g)

d)
The temperature is decreased .........................
______________________________


e)
The volume of the container is increased .........
______________________________

 
f)
The total pressure is increased ........................
______________________________


g)
Helium gas is added to increase the total pressure
______________________________


h)
The temperature is increased ..........................
______________________________


i)
A catalyst is added ..........................................
______________________________

13.
Discuss the ideal pressure and temperature conditions for achieving maximum yield of ammonia at a reasonable rate in the Haber Process:

N2(g)   +   3H2(g)  [image: image22.wmf]  2NH3(g) + heat


Pressure should be (high/low) ______________________ and temperature should b
 (high/low)_____________, but still high enough to maintain a 
_______________________


Give reasons for your answer.
_______________________________________________

 14.
In an experiment at 423°C, the following concentrations were measured  for the equilibrium system:


2HI(g)      [image: image23.wmf]      H2(g)     +       I2(g)   


[HI] = 17.7 x 10-3 M,    [H2] = 1.83 x 10-3 M and   [I2] = 3.13 x 10-3 M. 


Calculate the value for the equilibrium constant (Keq ) at 423°C .



Answer ________________________

15.
If, at 423°C , the [H2] and [I2] = 4.8 x 10-3 M, calculate the [HI]. Use Keq from 

       
question 14.


Answer ________________________




Answer _________________________

16.
Given the equilibrium equation:

X2(g)      +        3Y2(g)    [image: image24.wmf]     2XY3(g)

If 2.0 moles of  X2 and 2.0 moles of Y2 are added to a 1.0 L container, an equilibrium is established in which the [Y2] = 0.80 M. Find the following at equilibrium. (Use a table.)


[X2] = ______________   [XY3] = ________________    Keq  = ______________

17.
The equation:          A(g)   +     B(g)    [image: image25.wmf]   C(g)   +    D(g)      has a Keq = 49  at 25°C.


If 1.0 mole of C and 1.0 mole of D are added to a 0.50 L container at 25°C, calculate the following at equilibrium: (Use a table.)


[A] = _____________     [B] = ____________     [C] = ___________  [D] = ___________

18.
In the equilibrium in question 17, what, if anything, would happen to the value of the equilibrium constant if the temperature is increased?


Answer _____________________________________________




Answer _____________________________


Explain your answer.
______________________________________________________


______________________________________________________________________

19.
Write the Keq expression for the following reaction: (Be careful of phases!)

2NaHCO3(s)   +   heat   [image: image26.wmf]  Na2SO3(s)   +   CO2(g)   +   H2O(g)
20.
The Keq for the reaction:

2SO2(g)    +     O2(g)  [image: image27.wmf]  2SO3(g)           is   85.0  at 25°C.


Using this information, calculate the Keq  for the reaction :

                              2SO3(g)     [image: image28.wmf]   2SO2(g)   +     O2(g)




Answer ____________________

21.
Consider the following equilibrium:

2SO2(g)    +      O2(g)     [image: image29.wmf]     2SO3(g)          Keq =  6.5  at a certain temperature


What will occur when 1.0 mol of SO2, 1.0 mol of O2, and 1.0 mol of SO3 are placed in a 


1.0 L container and allowed to reach equilibrium?


a)
[SO2] will increase, [SO3] will increase.


b)
[SO2] will increase, [SO3] will decrease.



c)
[SO2] will decrease, [SO3] will increase.



d)
[SO2] will decrease, [SO3] will decrease.



Answer __________________


Explain your answer.
______________________________________________________

22.
Given the equilibrium:

CO(g)  +  H2O(g)   [image: image30.wmf]   CO2(g)  +  H2(g)                H = -41 kJ


Give 5 actions which could cause this equilibrium to shift to the left:



1.

____________________________________________________________________


2.

____________________________________________________________________


3.

____________________________________________________________________


4.

____________________________________________________________________


5.

____________________________________________________________________

23.
How does the addition of a catalyst affect the Keq for a system?
_____________________

24.
Choose the equilibrium which most favours the reactants.


a)
NO  +  1/2O2  [image: image31.wmf]   NO2 
Keq = 4.4 x 107

b)
CO + 1/2O2    [image: image32.wmf]  CO2
Keq = 4.0 x 10-3

c)
C   +  H2O      [image: image33.wmf]  CO  + H2
Keq = 3.1 x 103


d)
NO  +  H2O  [image: image34.wmf]  NO2  H2
Keq = 1.0 x 10-22

25.
Consider the following system: 2SO2(g)  +  O2(g)  [image: image35.wmf]  2SO3(g)           H = -99 kJ/mol


What are four things which could be done in order to increase the yield of SO3?


1.

____________________________________________________________________


2.

____________________________________________________________________


3.

____________________________________________________________________


4.

____________________________________________________________________

26.
Given the equilibrium equation:      XY(g)  +   heat     [image: image36.wmf]    X(g)  +  Y(g)

If initially, at equilibrium, the [XY] = 3.0 M, the [X] = 5.0 M and the [Y] = 6.0 M, draw a graph  showing qualitatively what happens to the concentrations of each species as the following changes are made to the system:



Time I - The temperature is decreased.



Time II - Some X(g) is removed from the system



Time III - Some XY(g) is added to the system



Time IV - The total pressure is increased.

        [image: image37.wmf]
   Unit 3 Review
1.  
Identify each of the following as ionic or molecular substances:

    
a) NaCl(aq) 
___________________________________                                             

    
b) CH 3COOH(aq)   
___________________________________                                       

    
c) CCl4(l)       
___________________________________                                  

    
d) HNO3(aq)     
___________________________________                                    

    
e) C2H6(l)    
___________________________________                                 

2.  
A good way to test a liquid to see if it contains ions is to




________________________________________________________________________                                                           

3.  
Define a  saturated solution
______________________________________________



______________________________________________________________________                                                           

4.  
Define an  unsaturated solution  
__________________________________________                            



______________________________________________________________________                                                           

5.  
What is meant by  solubility ? 
____________________________________________


______________________________________________________________________                                                           

6.  
On the “Solubility Table”, what, precisely, does the word soluble mean?




______________________________________________________________________                                                           

7. 
What is meant by a polar molecule ?
 

8. 
Draw a diagram of a water molecule showing the polarity.

9. 
The process of an ionic solid breaking down into individual ions is called __

10. 
Given a saturated solution of sodium acetate, outline the procedure you could use to determine the solubility of sodium acetate at that particular temperature in grams per 100 mL.

11. 
A chemistry stockroom contains a bottle of 12.0 M HCl. A teacher needs to make up 800.0 mL of a 3.0 M solution of HCl. What volume of the stock solution (12.0 M) does the teacher need to use?

                                    
Answer_______________________

12. 
A chemistry student dilutes a 0.20 M solution by adding 200.0 mL of water to 


50.0 mL of the original solution. Calculate the molar concentration of the final solution.

13. 
A student has 600.0 mL of a 0.30 M solution of HNO3. How much water must she add in order to make it a 0.15 M solution? (Be careful that you answer the question!)

14. 
If 25.0 mL of 0.90 M HCl is added to 125.0 mL of water, what is the final [HCl]?

15. 
Calculate the [Fe3+] in a 0.25 M solution of Fe2(SO4)3 ?

16. 
Calculate the [Na+] in a 0.55 M solution of sodium acetate. (Write the proper formula for sodium acetate first.)

17. 
Calculate the [Na+] in a 0.55 M solution of sodium carbonate. (Write the proper formula for sodium carbonate first.)

18. 
Calculate the [Na+] in a 0.55 M solution of sodium phosphate. (Write the proper formula for sodium phosphate first)

19. 
300 mL of 0.500 M NaCl is mixed with 400 mL of 0.200 M HCl. Calculate the final total [Cl-].

20. 
200 mL of 0.500 M NaCl is mixed with 300 mL of 0.200 M CaCl2. Calculate the final total [Cl-].

21. 
An aqueous solution of Pb(NO3)2  is mixed with an aqueous solution of KBr and a precipitate forms.

    
a)  Write a balanced formula equation for this reaction. (Include all subscripts.)


____________________________________________________________________

   
b)  Write a balanced total ionic equation for this reaction. (Include all subscripts.)


____________________________________________________________________

    
c)  Write a balanced net ionic equation for this reaction. (Include all subscripts.)


___________________________________________________________________

22.
An aqueous solution of Al(NO3)3 is mixed with an aqueous solution of (NH4)2S and a precipitate forms.

    
a)  Write a balanced formula equation for this reaction. (Include all subscripts.)


___________________________________________________________________

   
b)   Write a balanced total ionic equation for this reaction. (Include all subscripts.)


___________________________________________________________________

    
c)  Write a balanced net ionic equation for this reaction. (Include all subscripts.)


___________________________________________________________________

23. 
Devise a procedure to separate the ions in a mixture which contains the following  sets of ions.  Be specific about what you add and what happens when you add it. Remember, you cannot add single ions, only compounds or aqueous solutions of the compounds.

    
a)   Ba2+ , Mg2+  and Na+ 

   
 b) Ag+ , Cu2+ and Mg2+ 

24. 
Complete the balanced dissociation equation and write the Ksp expression for the dissolving of the following substances (Include all subscripts.):

    
a)   CaCO3(s) [image: image38.wmf]
       
      Ksp =

    
b)   Ag2SO4 (s) [image: image39.wmf]
       
      Ksp =

    
c)   Ba(OH)2(s)  [image: image40.wmf]
       
      Ksp =

25. 
Calculate the molar solubility of BaCO3 in water.

                                   
Answer_______________________

26. 
Calculate the molar solubility of Mg(OH)2 in water. 

                                    
Answer_______________________

27. 
Calculate the number of grams of CaC2O4  which will dissolve in 1.5 L of water at 25°C. 

                                  
Answer_______________________

28. 
Calculate the number of grams of SrF2 which will dissolve in 0.50 L of water at 25°C. 
29.
At a certain temperature the molar solubility of Zn(OH)2 is 1.65 x 10-5  M.

    
a)  Write the solubility equilibrium  equation for Zn(OH)2(s)
____________________________________________________________________

    
b)  Write the Ksp expression for Zn(OH)2 .

    
c)  Calculate the Ksp for Zn(OH)2.


Answer _______________________

30.
The solubility of CoCO3 in water is 1.189 x 10-3 grams per liter. Calculate the Ksp for CoCO3 .

                                    
Answer________________________

31.
Will a precipitate form if 100 mL of 1.0 x 10-3 M Pb(NO3)2 solution is added to
100.0 mL of 2.0 x 10-3 M MgSO4 solution? Show all calculations and include the Trial Ksp.   

                                    
Answer_______________________

32.
Will a precipitate form if 2.50 grams of Na2SO4 is added to 60.0 mL of a 2.0 x 10-4 M solution of BaCl2?  Show all calculations and include the Trial Ksp.

                                    
Answer_______________________

33.
Calculate the maximum concentration of fluoride ion possible in a solution in which [Sr2+] = 5.0 x 10-3 M.

                                   
Answer_______________________

34.
Predict what would happen to the solubility of PbSO4(s) if some K2SO4  solution is added. Explain your answer and include the use of an equilibrium equation.

35.
The solubility of ZnCO3 in water is quite low. What could you add to increase the solubility?
 ___________________________________________________

    
Explain fully how your method would work. Include the use of equilibrium equations.


Answer ____________

    pH and pOH Calculations
1. Find the pH of the following solutions. Make sure you express your answer in the correct number of significant digits. (12 marks)


a) 0.0010 M HClO4 …..__________
b) 2.35 x 10-3 M KOH …___________

c) 4.678 x 10-5 M HNO3..____​_____
d) 12.0 M HCl ...............…__________

e) 0.20 M Ba(OH)2 .....___________
f) 4.30 M H3O+ ...........…...__________
2. Find the [H3O+] in 0.00256 M HBr.  (1 mark)







3. Find the [H3O+]  in 0.80 M  LiOH.  (2 marks)




4. Find the [H3O+]  in a solution with a pH = 3.216 (1 mark)





5. Find the [H3O+]  in 0.45 M BaO (2 marks)








6. Find the [OH-] in 0.150 M HClO4  (2 marks)








7. Find the [OH-] in a solution with a pH = 8.940 (2 marks)






8. Find the [OH-] in a solution with a pOH = 2.156  (1 mark)




9. Find the [OH-] in 0.87 M HNO3.  (2 marks)

10. Find the [H3O+]  in a solution in which the pOH = 4.50. (2 marks)

11. Solution A has a pH of 3.0 while solution B has a pH of 7.0.

a) Which solution is more acidic? (1 mark) ________ 

b) The  [H3O+]  in solution A is ________times as high as it is in solution B  (1 mark).

12. How much water should be added to 500.0 mL of a solution of HCl with a pH of 2.00 tobring the pH to 2.50. Show all your work. (3 marks






13. What mass of NaOH should be added to 300.0 mL of water in order to prepare a solution with a pH = 11.50.  Show all your work.  (4 marks)

Ka and Kb Calculations
1. Calculate the [H3O+] in a 0.45 M solution of hydrogen sulphide (H2S). (3 marks)
2. Calculate the pH in a 0.60 M solution of ammonium chloride (NH4Cl). (4 marks)

3. The pH in a 0.25 M solution of the acid HBrO is 4.65 . Using this, calculate the value of Ka for the acid HBrO. (4 marks)
 
4. The pH in a solution of benzoic acid is 2.355. Determine the molar concentration of the benzoic acid. (4 marks)
5. Find the value of Kb for the oxalate ion (C2O42-).  (1 mark)

6. The value of Kb for the weak base methylamine (CH3NH2) is 4.4 x 10-4. Calculate the value of Ka for the acid CH​3NH3+. (1 mark)
7. Calculate the pH of a 0.22 M solution of the salt NaNO2. Show all of your steps clearly.(6 marks)
8. A 0.40 M solution of the lactate ion (C3H5O3-) (a weak base), has a pH of 8.728. 

    a) Calculate the Kb of the lactate ion (C3H5O3-). (4 marks)
    b) Using the information from (a), calculate the Ka for lactic acid (HC3H5O3). (1 mark)
9. The weak base ethylamine (C2H5NH2) has a Kb of 6.4 x 10-4. 
    a) Write the equilibrium equation for the ionization of ethylamine. (1 mark)
    b) What [C2H5NH2] is required to produce an ethylamine solution with a pH = 12.102? (4 marks)
10. Calculate the pH of a 2.5 M solution of hydriodic acid (HI). (2 marks)
11. What concentration of the base CaO is needed to produce a solution with a pH = 14.00?
       (2 marks)
 Hydrolysis
1. Write dissociation equations for each of the following salts, state whether cation hydrolyzes, anion hydrolyzes and whether the salt is acidic, basic or neutral. (20 marks)

a)  Salt  K2CO3    Dissociation Equation ______________________________________

     Cation (Acid or Neutral) ____________
 Anion (Base or Neutral) ____________

     Is salt acidic, basic or neutral? ______________________________

b)  Salt  AlBr3    Dissociation Equation _____________________________________

    Cation (Acid or Neutral) ____________
 Anion (Base or Neutral) ____________

    Is salt acidic, basic or neutral? ______________________________

c)  Salt  NH4ClO4   Dissociation Equation ____________________________________

    Cation (Acid or Neutral) ____________
 Anion (Base or Neutral) ____________

   Is salt acidic, basic or neutral? ______________________________

d)  Salt  CsNO3    Dissociation Equation _____________________________________

    Cation (Acid or Neutral) ____________
 Anion (Base or Neutral) ____________

    Is salt acidic, basic or neutral? ______________________________

e)  Salt  Cr(NO3)3    Dissociation Equation _____________________________________

    Cation (Acid or Neutral) ____________
 Anion (Base or Neutral) ____________

    Is salt acidic, basic or neutral? ______________________________

2.  State whether each of the following substances are acidic, basic or neutral when mixed with water. (12 marks)

    a)  RbNO3 ________          b) NH4Br ________           c) H2SO4 ________

    d) KNO2 ________
            e) NH4NO3 ________        f) NaOH ________

    g) NH3  ________               h) LiCH3COO ________   i) H3PO4 ________

    j) CH3COOH _______
k) FeBr3 ________
        l) Ba(OH)2 ________

3.  Of the following, circle the one with the highest pH: (3 marks)

    a)
i) NH4+    ii) HF      iii) NH3    iv) CH3COOH    v) HCI

    b)
i) PO43-   ii) SO32-     iii) A13+    iv) CH3COO-      v) Cl-
    c)
i) NaCl   ii) CrCl3   iii) NH4I   iv) CH3COOH    v) H2S

4.  Of the following, circle the one with the lowest pH: (3 marks)

    a)
i) NH4+    ii) HF      iii) NH3     iv) CH3COOH     v) HCI

    b)
i) PO43-   ii) SO32-     iii) A13+     iv) CH3COO-          v) Cl-
    c)
i) NaCl    ii) KCN   iii) NH3     iv) Na2CO3           v) Li2C2O4 

5. Find Ka and Kb of each of the following amphiprotic anions and determine 
    if they act as an acid or a base in water solution. (9 marks)

   a)   HPO42-
       Ka  = __________    Kb = __________    A or B __________

   b)   HC6H5O72-    Ka  = __________    Kb = __________    A or B __________

   c)   HSO4-
       Ka  = __________    Kb = __________    A or B __________

6.  Show the structure of the hexaaquochromium ion and explain why it acts as an acid.

     Structure: (1 mark)

     Explanation: (1 mark)

7.  Write the dissociation equations for each of the following. Determine the Ka for the cation and the Kb for the anion and state whether the salt acts as an acid or a base in water. (12 marks)

    a)   (NH4)2SO3   (
           Ka (cation) = __________   Kb (anion)   ____________  =  ____________

          Salt is ____________________________________

    b)   Al(NO2)3   (
           Ka (cation) = __________   Kb (anion)   ____________  =  ____________

          Salt is ____________________________________

   c)   FePO4   (
           Ka (cation) = __________   Kb (anion)   ____________  =  ____________

          Salt is ____________________________________

8.  Define hydrolysis.(1 mark)

9.  Write the net ionic equation for the predominant hydrolysis reaction when each of the following salts is dissolved in water. For some questions, calculations may be needed.     (6 marks)

a)
NaF
Answer ___________________________________________________

b)
KNO2  Answer ___________________________________________________

c)
K2HPO4 Answer __________________________________________________

d)
NH4ClO4 Answer _________________________________________________

e)
Al(NO3)3   Answer_________________________________________________

                (Use the hydrated form of the aluminum ion.
f)
LiHCO3  Answer _________________________________________________

10. Use a hydrolysis equation to explain why phosphates (PO43-) are used as cleaning agents.(2 marks)

              Equation: _______________________________________________________

              Explanation: _____________________________________________________

Anhydrides, Acid Rain and Titrations
1.  
State whether the following compounds will act as acids (A) or bases (B) when added to water. (10 marks)


a) ClO2  ......
___________

f) CO2  ...... ___________


b) SrO......
___________

g) Cs2O  ... ___________


c) Cr2O3 ...
___________

h) BaO  ..... ___________


d) SeO2 ....
___________

i) SO3  ...... ___________


e) NO2 .....
___________

j) Ag2O ..... ___________

2.
a) Define a basic anhydride (1 mark) -


b) Give three examples of basic anhydrides (make sure formulas are correct!) (3 marks)


    _______________       _______________       _______________

3.
a) Define an acidic anhydride (1 mark) -


b) Give three examples of acidic anhydrides (make sure formulas are correct!) (3 marks)

    _______________       _______________       _______________

4.  
Give three examples of amphoteric (or amphiprotic) anhydrides.(3 marks)

       
_______________       _______________       _______________


The element other than oxygen in these is found near the ________________


of the periodic table.(1 mark)

5.
Normal (unpolluted) rain water usually has a pH of about _________.  This is


less than 7 due to __________gas dissolving in the air.(2 marks)

6.
“Acid rain” could be defined as rain having a pH below ___________. (1 mark)

7.
Fossil fuels containing the element ________ are a major cause of acid rain. (1 mark)

8.
Give two formula equations which show how sulphurous acid can be produced starting with sulphur. (2 marks)

9.
Give three formula equations which show how sulphuric acid can be produced starting with sulphur. (3 marks)

10.
The element _________ reacts with oxygen in the cylinders of automobile motors to produce various nitrogen oxides. (1 mark)

11.
Give the balanced equation for the formation of NO from it’s elements. (1 mark)

12.
Give the balanced equation for the formation of NO2 from it’s elements. (1 mark)

13.
Give the balanced equation for the formation of nitrous and nitric acid from NO2 dissolving in rain water. (1 mark)

14.
Other than cars and fossil fuel burning power plants, what are some other sources of acid rain? (2 marks)

15.
Explain why acid rain falling on one area may do less damage than the same acid rain falling in a different area. (1 mark)

16.
Give four major unfavourable effects of acid rain. (4 marks)

17.
Give four ways in which acid rain and the problems associated with it could be solved or at least helped (4 marks)

18.
13.45 mL of 0.200 M NaOH is required to titrate 25.0 mL of a solution which is known to have HCl. Calculate the original [HCl].  Show all your steps. (3 marks)

19.
13.45 mL of 0.200 M HCl is required to titrate 25.0 mL of a solution which is known to have Ba(OH)2. Calculate the original [Ba(OH)2].  Show all your steps.


(3 marks)

20.
13.45 mL of 0.200 M Sr(OH)2 is required to titrate 25.0 mL of a solution which is known to have HNO3. Calculate the original [HNO3].  Show all your steps. (3 marks)

21.
What volume of 0.100 M NaOH would be required to titrate 35.0 mL of a 


0.231M solution of H2C2O4.  Show all your steps. (3 marks)

22.
Consider the following 0.100 M solutions:


               I.   HF       II.   HBr      III.  H2SO4

The equivalence point is reached when 10.00 mL of 0.100 M NaOH has been added to 10.00 mL of solutions (1 mark)


A.  II only       B.  I and II only      C.  II and III only     D. I, II and III

23.
a) Write the balanced formula equation for the titration between sulphurous acid and potassium hydroxide. (1 mark)

b) Write the balanced net-ionic equation for the titration between sulphurous acid and potassium hydroxide. (1 mark)

24.
Given the following data table:


Beaker
  Volume
 Contents

     1

    10.0 mL
0.1 M Ba(OH)2

     2

    15.0 mL
0.2 M NH3

     3

    20.0 mL
0.05 M KOH


     4

    50.0 mL
0.2 M NaOH


a)
Which beaker would require the greatest volume of 0.1M HCl for complete neutralization? ________________ (1 mark)


b)
What volume of 0.1M HCl would be needed for the neutralization in (a)?


c)
Which beaker would require the least volume of 0.1M HCl for complete neutralization? _______________ (1 mark)


d)
What volume of 0.1M HCl would be needed for the neutralization in (c)?

25.
Calculate the mass of NaOH which is required to neutralize 15.00 mL of


0.350 M H2SO4? (3 marks)

26.
When a 0.1 M strong base titrates a 0.1 M weak monoprotic acid, it takes

(less/more/the same)_____________ volume of the base as it would to titrate a 0.1 M strong monoprotic acid. (1 mark)

Indicators

1.
An indicator HInd is yellow in 0.1M NaOH and blue in 0.1M HCl. The pH range in which the colour change occurs in this indicator is 3.6 - 5.2.


a)
Write the equilibrium equation describing this indicator.(1)


______________________________________________________


b)
What is the colour of HInd?  _______ What is the colour of Ind-? _______ (2)


c)
What is the pH at the transition point of this indicator? ____________ 


d)
What is the value of pKa for this indicator? ______________ (1)



e)
What is the Ka of this indicator? _____________________ (1)


f)
At pH = 2.2, this indicator is the colour ______ and [HInd] (>,<,=) ___ [Ind-].(2)


g)
At pH = 7.0, this indicator is the colour ______ and [HInd] (>,<,=) ___ [Ind-].(2)


h)
At pH = 11.3, this indicator is the colour ______ and [HInd] (>,<,=) ___ [Ind-].(2)


i)
At pH = 4.4, this indicator is the colour ______ and [HInd] (>,<,=) ___ [Ind-].(2)


j)
At pH = 4.3, this indicator is the colour ______ and [HInd] (>,<,=) ___ [Ind-].(2)


k)
In 0.001M HNO3, this indicator is the colour ____ and [HInd] (>,<,=) ___ [Ind-].(2)


l)
In 0.001M KOH, this indicator is the colour _____ and [HInd] (>,<,=) ___ [Ind-].(2)

 m)  At the transition point, is [H3O+] = Ka (indicator.)?   _______(1)

2.
A solution turns yellow when Orange IV is added and red when methyl orange is added. Give the approximate pH range of the solution. (1)







Answer pH = ______- ______

3.
A solution turns yellow when chlorophenol red is added and also yellow when methyl orange is added. Give the approximate pH range of the solution. (1)







Answer pH = ______- ______

4.
A solution  turns magenta when phenolphthalein is added and yellow when alizarin yellow is added. Determine the approximate  [H3O+]. (1)







Answer  [H3O+] = ____________

5. 
A 0.10 M solution of a weak acid HX turns red in both chlorophenol red and in neutral red indicator.


a)
Determine the approximate pH of this solution of HX. ____________ (1)


b)
Determine the Ka of the weak acid HX (Not the Ka (indicator)!)


(Hint: Use an ICE table!) (2)

6.
An indicator “Gupta Green” (HGg) turns yellow when [H3O+] drops below
1.2 x 10-4 M and turns blue when  [H3O+] rises above 1.8 x 10-3 M. (Notice 2 SD’s)


a)
Find the pH range over which the indicator changes colour.(2SD’s) 

pH Range _______- _______


b)
Determine the pKa of the indicator “Gupta Green”.  (1)

c)
What colour would 0.00019 M HCl be in this indicator? (1)

d)
What colour would 0.010 M NaOH be in this indicator? (1) 
e)
What colour would 0.10 M CH3COOH be in this indicator?
(Show how you  got  [H3O+]) (2)


7.
An indicator HInd turns yellow in 0.10 M HCl and blue in 0.10 M NaOH.


a)  Write the equation describing the equilibrium in HInd. (1)



________________________________________________________


b) What colour is HInd? (1) _______ What colour is Ind-? (1)  _________


c) HInd is green in the range pH = 5.4 to pH = 6.2.  Determine the Ka of HInd.(1)






Ka =__________________________

d) When a few drops of HInd are added to a weak acid HA1, the colour is 
           yellow.  Which is the stronger acid, HInd or HA1? (1)







Answer _______is the stronger acid.


e) When a few drops of HInd are added to a weak acid HA2, the colour is 

             
     blue.  Which is the stronger acid, HInd or HA2? (1)







Answer _______is the stronger acid.


f) Which acid is stronger, HA1, or HA2? (1)  _____________________


g) List the acids HInd, HA1 and HA2 in order of strength from strongest to weakest.(1)

 
                     

____________> ___________ > ___________


h) List the bases Ind-, A1-, and A2-, in order of strength from strongest to weakest.(1)

 
                    

____________> ___________ > ___________



Balancing Redox Reactions 

Balance each of the following half-cell reactions.  (In each case assume that the reaction takes place in an ACIDIC solution.)  Also, state whether the reaction is oxidation or reduction.

1.


S2O32-    
→

SO42-
2.


MnO4-  

→ 

Mn2+
3.


As    

→

AsO43-
4.


Cr3+    

→

Cr2O72-
5.


Pb2+  

→

PbO2
6.


SO42-    

→ 

S

7.


NO3-  

→

NO

8.


NO3-    

→

NH4+
9.


BrO3-   

→  

Br2
Balancing Half Cell Reactions

 

Balance in basic solution.

 

10.


NO3-  

→

NO

11.


MnO4-   
→ 

Mn2+
12.


As     

→

AsO43-
13.


Cr3+    

→

Cr2O72-
14.


Pb2+  

→

PbO2
15.


SO42-    

→ 

S

16.


S2O32-    
→

SO42-
17.


NO3-    

→

NH4+
18.


BrO3-    

→  

Br2
19.  Determine if each of the following changes is oxidation, reduction or neither.


SO32-

→

SO42-


________________


CaO

→

Ca


________________





CrO42-

→

Cr2O72-


________________




CrO42-

→

Cr3+


________________




2I-

→

I2


________________




IO3-

→

I2


________________




MnO4-

→

Mn2+


________________




ClO2-

→

ClO-


________________

 20.

Cr2O72-

+
Fe2+
→
Cr3+
+
Fe3+


Substance oxidized

_____

Substance reduced

_____



Oxidizing agent 

_____

Reducing agent

_____

Worksheet # 5    
Balancing Redox Reactions in Acid and Basic Solution
Balance each redox equation.  Assume all are spontaneous.  Use the half reaction method.

1.

O2-
+
F2
2.

Al
+
O2
3.

K
+
Zn+2
Balance each half reaction in basic solution.

4.


Cr2O72
-
→

Cr3+
5.


NO

→

NO3-
6.


SO42-

→

SO2
7.


MnO2

→

Mn2O3
Balance each redox reaction in acid solution using the half reaction method.

8.


H2O2
+
Cr2O72-

→

O2

+
Cr3+
9.


TeO32-
+
N2O4

→
Te

+
NO3-
10.


ReO4-
+
IO-

→

IO3-

+
Re

11.


PbO2
+
I2

→
Pb2+

+
IO3-
12.



As

→

H2AsO4-
+
AsH3
Balance each redox reaction in basic solution using the half reaction method.

13.


O2
+
Cr3+
→
H2O2
     
+       Cr2O72-



14.


Te
+
NO3-
→
TeO32-

+
N2O4




15.


IO3-
+
Re
→
ReO4-

+
IO-



16.


Pb2+
+
IO3-
→

PbO2

+
I2



17.


Cr2O72-  +
Hg
→
Hg2+

+
Cr3+




 State of the change represents oxidation, reduction or neither. Use oxidation #s. Remember that if the oxidation # increases it means oxidation and when it decreases it mean reduction!

18.


MnO2

→

Mn2O3
19.


NH3

→

NO2
20.


HClO4

→

HCl
+
H2O

21.


O2

→

O2-
22.


P2O5

→

P4H10
Determine the oxidation number

23.

H2SO4





22.
HSO4-




24.

P4





23.
NaH




25.

UO3





24.
Na2O2




26.
U2O5





25.
PbSO4



Worksheet # 6    

Review         

1.

Describe each in your own words


a) Oxidation


b) Reduction


c) Oxidizing agent


d) Reducing agent

2. 
Write half reactions for each.  Describe as oxidation or reduction.  Circle all oxidizing agents.



a)  
Na



b)
Ca 



c)  
Al3+


d)
F1-


e)
N2


f)
O2-
3.

Write the reaction between the following:  Use the half reaction method. 

a)  
Ca

+
Al(NO3)3

b)  
Sn

+
AgNO3

c)  
Sn

+
Au(NO3)3
 4.

Circle each reducing agent:
Cu
Cu+
Al
Al3+
 5.

Circle each oxidizing agent:
F-
F
O2-
O2
 6. 
Ni+2 reacts with Mn, however, Al+3 does not react with Mn. Rank the oxidizing agents in order of decreasing strength. Rank the reducing agents in order of decreasing strength.

 7. 
Ag+ reacts with Pb, however, Ca+2 does not react with Pb. Rank the reducing agents in order of decreasing strength. Rank the oxidizing agents in order of decreasing strength.

 8. 
Cl2 reacts with Ag, however, Ag does not react with Mg+2. Rank the oxidizing agents in order of decreasing strength. Rank the reducing agents in order of decreasing strength.

 9. 
Ni+2 reacts with Mn, however, Al+3 does not react with Mn. Rank the reducing agents in order of decreasing strength. Rank the oxidizing agents in order of decreasing strength.

 10. 
Cl2 reacts with Br-, however, I2 does not react with Br-. Rank the oxidizing agents in order of decreasing strength. Rank the reducing agents in order of decreasing strength.

 Classify as oxidation, reduction or neither.

 11.

SO42-

→
S2-
 12.

MnO2

→
MnO4-
 13.

Cr2O72-

→
CrO42-
 14.

IO3-

→
I2
 15.

Given the following lab data

 

SnCl2

&
Ni

Spontaneous



Ni(NO3)2
&
Fe

Spontaneous



Cr(NO3)3
&
Fe

Non spontaneous.

 i) 

Write three balanced equations.

ii) 

Rank the oxidizing agents in decreasing order of strength.


iii) 

Rank the reducing agents in decreasing order of strength.

iv) 

Will SnCl2 react with Cr? Explain?


v) 

Will Fe2+ react with Sn?

 16.

Determine the oxidizing and reducing agent. Balance in acidic solution.

MnO4-
+
H2S
→
S

+
MnO

17.

Determine the oxidizing and reducing agent. Balance in acidic solution.

SO42-
+
Br2
→
S2O32-
+
BrO3-
 18.

Balance in basic solution    MnO4-
+
H2S
→
S
+
MnO

 19.

Describe as spontaneous or non-spontaneous.  Use your reduction potential chart.



a)
ZnCl2
&
Cu


b)
CuCl2
&
NaCl



c)
Br2

&
Fe2+

d)
H2S

&
Al3+

20. 
Can you keep HCl in a Zn container? Explain?  What about an Au container?

Balance in basic solution

21.

SO42-    +
Br2
→
S2O32-
+
BrO3-
Classify as an oxidizing agent, reducing agent or both based on its position on the table.

State the Eo or voltage of its position. Some of these are both, so state two voltages and indicate that it can be an oxidizing and reducing agent.

e.g.

MnO4-  (in acid)

oxidizing agent 


1.51 V



22.
Br2


_________________

_________________



23.
Fe2+


_________________

_________________



24.
MnO4-  (water)
_________________

_________________



25.
Ni


_________________

_________________



26.
Cr3+


_________________

_________________



27.
H2O


_________________

_________________

Indicate as spontaneous or non-spontaneous.



28.

MnO4-
(Alkaline)  &
Fe2+







29.

HNO3

&
Ag 










30.

HCl

&
Mg






Write each oxidation and reduction half reaction for each question above. Determine the Eo for each. Calculate the Eo for the overall reaction.

1. 
Oxidation is when electrons are                                .

2. 
Reduction is when electrons are                                .

3. 
The reducing agent undergoes                                  .

4. 
The oxidizing agent undergoes                                 .

5. 
A negative voltage means the reaction is                                    .

6. 
In an electrochemical cell electrons exit the electrode which is                                      .

7. 
In an electrochemical cell the reduction reaction is                         on the chart, while the 

oxidation reaction is                           .

8.
The cathode is the site of                           and the anode is the site of                         .

9. 
Anions migrate to the                        and cations migrate to the                          .

10. 
Anions have a                charge and cations have a                  charge.

Draw and completely analyze each electrochemical cell.

11. 
Zn  / Zn(NO3)2    ll     Cu / Cu(NO3)2 

12. 
Ag  / AgNO3    ll     H2 / HCl

 1. 
In an electrolytic cell, reduction occurs at the                         electrode and oxidation occurs at the                        electrode.

 2. 
If there are two possible reduction reactions, the                           one on the chart occurs. 

 3. 
For reduction, the chart is read from                       to                      .

 4. 
For oxidation, the chart is read from                        to                         and the sign of the voltage is                      .

 5. 
If there are two possible oxidation reactions, the                     one on the chart occurs.

 6. 
Corrosion of a metal is                            .

 7.
Electrolysis                          electrical energy.

 8. 
Electrochemical cells                              electrical energy.

 9. 
Electrolytic cells                             electrical energy.

 10. 
What is the standard reference cell?                                 Eo =              v

 Draw and completely analyze each electrolytic cell.

 11. 
Molten NaCl

 12. 
Aqueous Na2SO4
 13. 
Liquid K2O

 14. 
1.0 M LiI

 15. 
250.0 mL of 0.200 M MnO4- reacts with excess SO3-2.  How many grams of 

    
MnO2 are produced? This is Chemistry 11 stoichiometry.

    
2MnO4- + 3SO32- + H2O → 2MnO2 + 3SO42- + 2OH-
 16. 
Determine the oxidation number for each underlined atom.

     
MnO2

Cr2O72-

IO3-

C2O42-

Al(NO3)3
 17.  
Describe each term: 

 Salt bridge

 Electrolyte

 Anode

 Cathode  

 Spontaneous

 18. 
What would happen if you used an aluminum spoon to stir a solution of FeSO4(aq)? Write a reaction and calculate Eo.

 19. 
Draw an electrochemical cell using Cu and Ag electrodes.

 20.  
250.0 mL of 0.500 M MnO4- are required to titrate a 100.0 ml sample of SO3-2.  Calculate the [SO3-2]


2MnO4- + 3SO32- + H2O → 2MnO2 + 3SO42- + 2OH-  

21. 
How is the breathalyzer reaction used to determine blood alcohol content (you might need to look this up in your textbook?

 22.     
2H+ + Mg   →   Mg2+ +H2 
Oxidizing agent__________

Reducing agent_________

 Determine the half reactions for each cell and the cell voltage or minimum theoretical voltage and overall equation.

 1.  
Ag / Pb electrochemical cell.

 
Anode:                                           
Cathode:                                                     
Anode reaction:                             
Cathode reaction:                                       

Overall reaction:                                                             Voltage: 

                   

 2.
ZnCl2(l) electrolytic cell (electrowinning)

 
Anode:                                           
Cathode:                                                     
Anode reaction:                             
Cathode reaction:                                       

Overall reaction:                                                             MTV: 

                    

 3. 
CuSO4(aq) electrolytic cell (electrowinning)

 Anode:                                           
Cathode:                                                     
Anode reaction:                             
Cathode reaction:                                       

Overall reaction:                                                             MTV:  

                   

4.
The electrolysis of 1M NaI (electrowinning)

Anode:                                           
Cathode:                                                     
Anode reaction:                             
Cathode reaction:                                       

Overall reaction:                                                             MTV:  

                   

6.
The reaction needed to electroplate a copper penny with silver.

Anode:                                           
Cathode:                                                     
Anode reaction:                             
Cathode reaction:                                       

Possible Electrolyte:


                      
 7.
The reaction needed to nickel plate a copper penny.

 Anode:                                           
Cathode:                                                     
Anode reaction:                             
Cathode reaction:                                       

Possible Electrolyte:


                      
 8. 
The reaction used in the electrorefining of lead.

 Anode:                                           
Cathode:                                                     
Anode reaction:                             
Cathode reaction:                                                                                                      

Possible Electrolyte:


                      
 Determine the half reactions for each cell and the cell voltage or minimum theoretical voltage.

 1.
Zn / Mg electrochemical cell

 Anode:                                           
Cathode:                                                     
Anode reaction:                             
Cathode reaction:                                       

Overall reaction:                                                             Voltage:                     

 2.
The electrolytic cell used to produce Al.

 Electrolyte:                                
Phase (aqueous or molten)                     
Anode:                                          
Cathode:                                                     
Anode reaction:                            
Cathode reaction:                                       

Overall reaction: 




  


3.
The electrolysis KI(aq) 

 Anode:                                           
Cathode:                                                     
Anode reaction:                             
Cathode reaction:                                       

Overall reaction:                                                             MTV                        

 4.
The electrorefining of Pb

 Anode:                                           
Cathode:                                                     
Anode reaction:                             
Cathode reaction:                                       

 5.
Nickel plating a iron nail.

 Anode:                                           
Cathode:                                                     
Anode reaction:                             
Cathode reaction:                                       

Electrolyte    


      
The -ve side of the power supply is connected to the    

          
 6. 
Draw an Ag/ Zn electrochemical cell.

 7. 
Draw a KF(l) electrolytic cell.

 8. 
Draw a KF(aq) electrolytic cell.

 

9. 
Draw a FeI2(aq) electrolytic cell.

  10. 
Draw a Cd/Pb electrochemical cell.  Cd is not on the reduction chart, however, the Cd electrode gains mass and the total cell potential is 0.5 v.  Determine the half-cell potential for Cd.

 11. 
Write the overall reaction and describe the anode and cathode for a Zn/C, fuel, alkaline and lead/acid cell.

 12. 
2HIO3 
+ 
5H2SO3 
→
I2 +
5H2SO4 
+ 
H2O

 oxidizing agent 
                           
substance oxidized


   

substance reduced 
                          
reducing agent 


                       
 13.
What is the electrolyte in a fuel cell?

 14. 
What is the fuel in a fuel cell?

 15. 
Describe the differences and similarities between an electrolytic and electrochemical cell. 

21.
State two metals that can be used to cathodically protect Fe. Describe how they protect iron from corrosion.

22. 
Write the half reaction that describes the corrosion of iron. 

23. 
Write the half reaction that describes the reduction reaction that occurs when iron corrodes in air and water. 

24. 
Why does iron corrode faster in salt water?

25. 
Write the anode and cathode reaction in an electrolytic cell with a CaCl2(l) electrolyte.

26.  
Explain why you would choose Zn or Cu to cathodically protect iron?

27. 
Choose a suitable redox reactant to oxidize Cl- to ClO4- in a redox titration.   

31. Label each anode and cathode. 

Write each anode and cathode reaction.Indicate the ion migration in each cell.

Determine the initial cell voltage of the electrochemical cell Determine the MTV for the electrolytic cell.Will electrolysis occur?Indicate electron flow.

Indicate all electrodes that gain mass. Indicate all electrodes that lose mass.

What happens to [NO3-] in the Mg half-cell?What happens to the [Ag+] in the Ag half-cell?

What happens to [Mg2+] in the Mg half-cell? What is the equilibrium electrochemical cell potential? What chemical is made at the Pt electrode on the right?

What chemicals are made at the Pt electrode on the left?

  

 

 

 

 

 

 

 

 

 

 

 

Rates





Time ( 





Temperature is Increased





A new equilibrium is achieved 





Rate (f)





Rate (r)





    1.0 M KNO3�
�






1 M  Mg(NO3)2�
�






Ag�
�






Mg�
�






1 M AgNO3�
�






 


Pt�
�






 


Pt�
�






1 M CuSO4�
�
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