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PART A:  EXTENDED ANSWERS   (30 marks – 40% of exam mark)

All work must be shown to obtain full marks.  Attention must be paid to units.

I:  Aqueous Solutions   (5 marks)

1.
Consider the following experiment:







[image: image10.emf]
With reference to your solubility table, list the ion(s) that could be present in the unknown solution that would result in these reactions?.







(1.0 mark)


Award 1 mark for listing all 6 ions: C2H3O2-; Br-; Cl-; I-; S2-; OH-

Award ½ mark if student list three of the correct ions.  If more than 6 ions are present,


only score the first 6.
2.  The following oxidation-reduction reaction occurs in acid solution:

4Zn (s) + 2NO3 (aq) + 10H+ (aq) 4Zn2+ (aq) + N2O (g) + 5H2O (l)

(i) The oxidation number of Zn in the reactants is “0” (zero) and of N in NO3 is __+5__.











(0.5 x 2 = 1.0 mark)
(ii) The reducing agent is __Zn__ 





(0.5 x 2 = 1.0 mark)

and the substance reduced is __N or NO3-__
3.  Complete and balance the following oxidation reduction reaction in acid solution. 

ClO3-(aq) + I2(aq)  IO3-(aq) + Cl-(aq)






           (2.0 marks)
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5x (6e- + 6H+ + ClO3-


Cl- + 3H2O)
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3x (6H2O + I2


2IO3 + 12H+ +10e-)


Suggested scoring scheme

· ½ mark for e-
· ½ mark for H+, H2O

· ½ mark for coefficients

· ½ for final balanced equation
Write your final balanced equation on the line below:
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3H2O + 3I2 + 5ClO3-

5Cl- + 6IO3- + 6H+
​​​​​​​​​______________________________________________________________________________

II:
Atomic Structure (4 marks)

1.  Use modern atomic theory to explain each of the following experimental observations.

a) Within a family such as the halogens, the atomic radius increases as the atomic number

increases.







                               (0.5 mark)


Down a group there is another energy level added; outer e- are farther away; radius


increases.   Accept any reasonable response.
b) For calcium, the difference between the second and third ionization energies is much larger

than the difference between the first and second ionization energies. (Ionization energies, in

kJ/mol, for Ca: 1st = 590, 2nd = 1145, 3rd = 4912).  



       (1.0 mark)


3rd e- removed from a lower energy level.  Therefore, much closer to the nucleus and


greater force.  Accept any reasonable response.
2.  The following chart represents the first three rows of the Periodic Table.  The letters A through R represent the first 18 elements on the Periodic Table.  Using the information given, place the symbols in the proper place on the chart.    
           
     

     (2.5 marks)
	R
	
	G

	A
	B
	P
	L
	D
	J
	I
	H

	F
	E
	M
	S
	O
	C
	N
	K


        F is the least electronegative of the elements shown.

        L and S are in the same family with S having a radius larger than L.

        The element P has 5 protons in its nucleus.

        K, H, and G are in the same family. G has the smallest atomic diameter, and K 

        has the same number of electrons as a N-1 ion.

        A and F have similar chemical properties.

        The electron configuration of D is 1s22s22p3.

        R is the lightest of the elements.

        O has 18 neutrons and has an atomic mass of 33.

        B has 4 electrons.

        Some typical compounds formed from elements of the 3rd period are F2C,  EC,  

        FN and MN3.

        J and C are in the same family, and J has a smaller radius than C.

        S has a maximum charge of +4 when in ionic form.

        J and I are in the same period with I  being a more active non-metal than J.

Award 2.5 marks if table has no errors


Award 2 marks if table has maximum three errors


Award 1.5 marks if table has maximum of six errors


Award 1 mark if table has maximum of nine errors


Award 0.5 mark if table has maximum of twelve errors

III:
Kinetics   (5 marks)
1.  When solid sodium is placed in water at room temperature, an immediate, violent

reaction occurs:

2Na(s)+2H2O(s)  (  2NaOH(aq)+H2 (g) + energy
a) Describe two methods that could be used to experimentally determine the rate of reaction.
 (2.0 marks)

Method 1:

Mass change in reaction open to the atmosphere; flask on balance.  Accept any reasonable response.  Award 1 mark.
Method 2:
pH increases as NaOH is formed; Other methods: keep change.  Award 1 mark.
2.  Consider the following reaction:

Cu(s)2AgNO3(aq)  Cu(NO3)2(aq)2Ag(s)

In a rate experiment, a coil of copper wire is placed into a solution of silver nitrate. The

following data are recorded.

	Time (hours)
	Mass of Copper (g)



	0.0
	3.45



	4.0
	2.12




Calculate the rate copper consumption in mol/min. (1.0 mark)
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Award ½ mark for calculations.  Award ½ mark for solution.
2. State two reasons why some collisions may not result in a chemical reaction.

(2 x 0.5 = 1.0 mark)

Reason I:

Insufficient energy to break old bonds.   Award ½ mark.
Reason II: 

Improper orientation of molecules during a collision.  Award ½ mark.
0

3. Describe the relationship between activation energy and the rate of a chemical

reaction. 








(1.0 mark)

As Ea increases, so does the time to react.  (Ea increases; rate decreases)
Number of particles able to collide successfully decreases with increase in Ea.
Accept any reasonable response.
IV:  Equilibrium (6 marks)
1.  Consider the following equilibrium:

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

Kc = 6.45 ( 105
a) Write the Kc expression. 







(0.5 mark)
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b) Explain why the [NO2 ] is greater than the [NO] at equilibrium when the [O2 ]is 1.0 mol L.

(1 mark)

Kc is very large, meaning products predominant at equilibrium (Award ½ mark). 

Therefore, NO2 as a product will have a higher concentration (Award ½ mark).
2.  Iodine chloride decomposes via the reaction:

2ICl(g)  (  I2(g)  +  Cl2(g)

A sample of iodine chloride of concentration 1.64 mol/L was placed in a 1.0 L container.  Once equilibrium had been established, it was found that the concentration of iodine in the vessel was 0.48 mol/L.  Determine the Kc for the reaction at this temperature.


(2 marks)


ICI

I2

Cl2
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3.  The solubility product of MgF2 is 8.0 x 10-8.  Calculate the molar solubility of MgF2. 












(2.5 marks)


MgF2  
[image: image2.wmf]

Mg2+  +  2F-




  x
   2x


Ksp = [Mg2+][F-]2


  = (x)(2x)2

8x10-8 = 4x3


x = 2.7 x 10-3 M
V:
Acids and Bases (5.0 marks)
1.  The cyanide ion, CN− , is a Brønsted-Lowry base.

a) Define Brønsted-Lowry base. 






(0.5 mark)


A species that accepts a proton in a reaction.

b) Write the equation representing the reaction of CN− with water. 


(0.5 mark)


CN- + H2O

HCN + OH-
c) Identify a conjugate pair in b) above. 





(0.5 mark)

Base: CN-

Conjugate acid: HCN

Or 


H2O
        OH-

Acid
     base conjugate

2.  Water, at 60oC, has a Kw = 9.55 ( 10-14.

a) Write an equation representing the ionization of water. Include the heat of reaction 
(57.1 kJ/mol) in the equation. 






(0.5 mark)


57.1 kJ + H2O

      H+(aq) + OH-(aq)
b) If a small amount of NaOH is added to water and the temperature is held constant. What

    happens to the value of Kw ?






(0.5 mark)

No change in Kw value, since temperature is constant.
3.
Tomato juice has a pH of 4.20. Calculate the [H3O+] and [OH-] in tomato juice.









(1.0 mark)

[H3O+] = 10-pH = 10-4.2 = 6.3 x 10-5 mol/L


1 x 10-14 = 6.3 x 10-5 [OH-]


1x10-14/ 6.3x10-5 = [OH-]



1.59 x 10-10 mol/L = [OH-]


(Or pOH method)

4.  Consider a weak acid HC2H3O2 (acetic acid). Given that a 0.048 M HC2H3O2 mol/L solution

is 5.2% ionized, determine the pH concentration at equilibrium.


(1.5 marks)






[H3O+] = (0.0048)(5.2) / (100) = 2.5 x 10-3 mol/L 
Award ½ mark

pH = -log (2.5 x 10-3 mol/L)
Award ½ mark


pH = 2.5
Award ½ mark

VI:
Electrochemistry  (5 marks)
1.  Consider the following experimental results:

Ce4+ +  Pd Pd2+ + Ce3+
In3+  +  Cd no reaction

Pd2+ +  In2+  In3+ + Pd

Cd2+ + Pd no reaction

Use these results to complete the table of reduction half-reactions below.

(2.0 marks)







Award ½ mark for each half reaction.

2. Draw and label an electrochemical cell using a copper anode and having an E° value greater than 1.00 Volts.





(1.5 marks)
Answers may vary – accept any reasonable response.
As long as cathode is a stronger oxidizing agent than Cu to Eo greater than  (ie. Au etc.)   Award ½ mark

Show ion/e- (1/2 mark) flow (1/2 mark)
3. Consider the following electrolytic cell used for the electrolysis of molten AgCl.

[image: image3.emf]
a) Clearly indicate on the diagram above, the direction of the electron flow through

the wire. 









(0.5 mark)

b) Write the equation for the half-reaction taking place at the anode. 

(0.5 mark)


2Cl-

Cl2 + 2e-
c) Write the equation for the half-reaction taking place at the cathode. 

(0.5 mark)


Ag+ + e-

Ag(s)
	
	

	1
	D
	26
	D

	2
	B
	27
	D

	3
	C
	28
	C

	4
	A
	29
	A

	5
	A
	30
	D

	6
	B
	31
	D

	7
	D
	32
	B

	8
	C
	33
	D

	9
	A
	34
	C

	10
	C
	35
	B

	11
	B
	36
	A

	12
	B
	37
	C

	13
	B
	38
	B

	14
	A
	39
	A

	15
	A
	40
	B

	16
	B
	41
	D

	17
	D
	42
	B

	18
	A
	43
	D

	19
	C
	44
	C

	20
	D
	45
	C

	21
	D
	46
	A

	22
	B
	47
	C

	23
	D
	48
	D

	24
	C
	49
	C

	25
	D
	50
	B


PART B:  MULTIPLE CHOICE   (50 marks – 60% of exam mark)

� EMBED Equation.3  ���





� EMBED Equation.3  ���





Award 1 mark





Award ½ mark





� EMBED Equation.3  ���





Award ½ mark





Award 1 mark





Award 1 mark





Award 0.5 mark





Award ½ mark





Award ½ mark





Ce3+





Ce4+





Pd





Pd2+





Cd





Cd2+





In2+





In3+





e-





e-
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