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Question 1: Long Answer 10 points 
 

A (i) For the correct plotted lines:  Point 01 

The abundance for the two lines should be between 10 and 11.  

 

 (ii) For the correct answer: Point 02 

Magnesium-26 has one more neutron than magnesium-25 does. 

B (i) For a correct explanation: Point 03 

The charge on the sodium ion is less than the charge on the magnesium ion. A smaller 

charge results in a weaker Coulombic attraction between Na+  and water. 

 (ii) For a correct explanation: Point 04 

The Na+  ion is larger than the Mg2+  ion, so the distance between the Na+  and the 
oxygen on the water molecule will be greater. As distance increases, Coulombic attraction 
decreases. 

C For the correct calculated value: 

 

Point 05 

4pOH log(2.80 10 ) 3.553−= − × =

pH 14 pOH 14 3.553 10.447= − = − =  

D For the correct calculated value:  Point 06 
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E (i) For the correct expression: Point 07 

 
 

2 2[Mg ][OH ]spK + −=  

(ii) For the correct calculated value, consistent with part D and part E (i): Point 08 

 

2 2 4 4 2 11[Mg ][OH ] (7.62 10 )(1.65 10 ) 2.07 10Q + − − − −= = × × = ×  

(iii) For the correct prediction and justification, consistent with part E (ii). Point 09 

Examples of acceptable responses may include the following: 

• Q K> sp , so a precipitate will form. 

• The concentration of the ions in solution (represented by Q) is greater than that 
of a saturated solution, so a precipitate will form. 

F For the correct answer and justification: Point 10 

Decrease. The H+  from 3HNO (aq)  will react with OH− , decreasing [OH− ]  and 

causing spQ K< . As a result, more Mg(OH)2(s)  will dissolve until equilibrium is 

reestablished, resulting in less 2Mg(OH) ( )s . 
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Question 7: Short Answer 4 points 
 
(a) For a correct answer:  

Accept one of the following: 

• The student’s drawing shows an incorrect ratio of 2Sr +  and OH−  ions. 
• The student’s drawing is not charge-balanced. 

1 point 

(b) (i) For the correct calculated value:  

2

2
0.043 mol Sr 2 mol OH 0.086  OH1 L 1 mol Sr

M
+ −

−
+× =  

1 point 

 (ii) For the correct calculated value, consistent with (b)(i):  

2 2 2 4[Sr ][OH ] (0.043)(0.086) 3.2 10spK + − −= = = ×  

1 point 

 Total for part (b) 2 points 

(c) For the correct answer and a valid justification:  

Less than. Because the 3 2Sr(NO ) ( )aq  solution already contains a common ion, 2Sr ( )aq+ , 

the solubility of 2Sr(OH)  will be decreased, resulting in a lower value of [OH ]− . 

1 point 

 Total for question 7 4 points 
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Question 7: Short Answer 4 points 

(a) For the correct answer: 1 point 

2sp 

(b)(i) For the correct answer: 1 point 

+ 2 2−K = [Ag ] [C O ]sp 2 4  

(ii) For the correct calculated value: 1 point 

−12 25.40 × 10 = (2s) (s) 
−12 35.40 × 10 = 4s 

−4s = 1.11 × 10 M 

(iii) For a correct equation (state symbols not required): 

Accept one of the following: 

2− + −( ) + H O  ( )  ( )  +• C O aq aq → HC  O  aq2 4 3  2 4  
2− + − 

2 4 ( ) + H  ( )  2 4 ( )• C O aq aq → HC  O  aq 
2− +• C  O  ( ) + 2 Haq O ( )  → aqaq H C O ( )2 4 3  2 2 4  
2− +• C O aq + 2 H  ( )  → aq( )  aq H C O ( )2 4  2 2 4  

1 point 

H2O(  )l 

+ 2 H2O(  )l 

Total for part (b) 3 points 

Total for question 7 4 points 
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Question 6: Short Answer 4 points 

(a) For a correct description:

Ionic solids do not have free-moving ions that are required to carry an electric current.
Therefore, there is no conduction of electricity.

1 point 

(b) For the correct answer and a valid justification:

CaSO4. The greater electrical conductivity of the CaSO4 solution relative to the PbSO4

solution implies a higher concentration of ions, which comes from the dissolution
(dissociation) of CaSO4 to a greater extent.

1 point 

(c) For a correct drawing that shows an equal number of cations and anions:

The drawing shows solid PbSO4 at the bottom of the beaker (similar to the solid shown for
CaSO4) and fewer dissociated Pb2+ and SO4

2− ions in the solution.

1 point 

(d) For a correct explanation:

The additional precipitate is CaSO4 that forms in response to the increased [SO4
2−] in

solution. According to Le Chatelier’s principle (Q > Ksp), the introduction of SO4
2− as a

common ion shifts the equilibrium towards the formation of more CaSO4(s).

1 point 

Total for question 6 4 points 
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1.0 mol Na 1.0 mol 
1.0 g Na   =  0.043 mol 

22.99 g Na 1.0 mol Na

e
e

-
-´ ´

1.0 mol Ca 2.0 mol 
1.0 g Ca   =  0.050 mol 

40.08 g Ca 1.0 mol Ca

e
e

-
-´ ´
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catalyst
2 5 2 4 2 298 298C H OH( ) C H ( ) + H O( ) 45.5 kJ/mol ; = 126 J/(K mol )

ethanol ethene water

rxn rxng g g H SD D¾¾¾¾® =


1 atm

760 torr

 

1 1

(0.775 atm)(0.0854 L)
 =  =   =  0.00264 mol

(0.08206 L atm mol  K )(305 K)

PV
n

RT - -

actual yield 0.00264 mol
% yield  =  × 100  = 

maximum possible yield 0.00434 mol

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298GD

      



 
( )

G

RTe

-D °

 
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 



1.25 mol HCl  mol HCl
=

1000 mL 29.95 mL

x

6 7 2 6 7 20.0374 mol C H O  mol C H O
=

45.0 mL 1000 mL

x- -



  
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

+
6 7 2

6 7 2

[H ][C H O ]

[HC H O ]

-

6 7 2

6 7 2

[C H O ]

[HC H O ]

-

+[H ]

aK
5

3.37

1.7 10

10

-

-

´

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  6
2Ca(OH) ( = 1.3 10 ) .spK

-´


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

24 J
1.00 mol 635 K = 15,000 J = 15 kJ

mol K
´ ´

2 3 2
3

Al O ( ) 2 Al( ) O ( ) =1675 kJ/mol
2 rxns s g HD® +

1 mol of reaction

2 mol Al
´
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