Chemistry 12

Name:___________________




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)


1.


2.

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


1.


2.


3.

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)


1.


2.


3.


4.

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


1.


2.


3.


4.

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)?



(2 marks)






                               Answer ___________mL


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)?



(2 marks)

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? ____________ (1)


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) (2)
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)










Answer _______________

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)


 
                    

____________> ___________ > ___________
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