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1. Consider the unlabeled phase diagram below.            [5 marks] 

 
(a) On the diagram, label:                 [3 marks] 

• the critical point 
• the triple point 
• regions corresponding to the four states of matter discussed in class 

 
(b) A sample of this substance is initially at 200 K and 10 bar.  The temperature is raised to 300 K 

while the pressure is maintained at 10 bar.  What phase change(s) will occur?           [1 mark] 
 
 
 
 
(c) A sample of this substance is initially at 200 K and 1 bar.  The pressure is raised to 10 bar while 

the temperature is maintained at 200 K.  What phase change(s) will occur?              [1 mark] 
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2. Two chlorine atoms react to form a chlorine molecule under standard conditions:            [11 marks] 

2 𝐶𝐶𝐶𝐶(𝑔𝑔) →  𝐶𝐶𝐶𝐶2(𝑔𝑔) 
(a) What information does the phrase “standard conditions” give you about the conditions under which 

this reaction is being studied?                           [2 marks] 
 
 
 
 
(b) Is ∆rG° positive, negative or zero for this reaction?  Briefly, justify your answer.               [2 marks] 
  
 
 
 
 
(c) Is ∆rS° positive, negative or zero for this reaction?  Briefly, justify your answer.                [2 marks] 
 
 
 
 
 
(d) Is ∆rH° positive, negative or zero for this reaction?  Briefly, justify your answer.         [2 marks] 
 
 
 
 
 
(e) Will there be any temperature at which this reaction is not favoured in the forward direction?  
 If ‘yes’, will it be high or low temperatures (and why)?  If ‘no’, why not?          [3 marks] 
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3.  Fill in each blank with the word or short phrase that best completes the sentence.        [9 marks] 

(a) The term for “heat at constant pressure” is ______________________________. 

(b) The only time that Q = K is when ___________________________________________________. 

(c) If Q > K, we can expect that the reaction will proceed in the _______________________ direction. 

(d) The entropy of ______________________ increases in every thermodynamically allowed process. 

(e) The __________________________ half reaction occurs at the cathode of an electrochemical cell. 

(f) The activity of a pure solid is ____________. 

(g) The activity of 𝐶𝐶𝐶𝐶(𝑎𝑎𝑎𝑎)
−  in an ideal 0.1 M solution of 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀2(𝑎𝑎𝑎𝑎) is _______________. 

(h) Henry’s law states that the concentration of dissolved gas in a solution is directly proportional to 

_____________________________________________________________________________. 

(i) The third law of thermodynamics states that __________________________________________. 

 

 

4.  In the qualitative analysis lab, you used aqua regia, a mixture of concentrated 𝐻𝐻𝐻𝐻𝐻𝐻3 (𝑎𝑎𝑎𝑎) and 
𝐻𝐻𝐻𝐻𝐻𝐻(𝑎𝑎𝑎𝑎) to isolate for certain Group II/III cations. The use of aqua regia was originally developed 
by alchemists to “dissolve” gold but, in reality, this is just a redox reaction under acidic conditions.  

  The incomplete and unbalanced equation is shown below:           [5 marks] 

𝐴𝐴𝐴𝐴(𝑠𝑠)     +     𝑁𝑁𝑂𝑂3 (𝑎𝑎𝑎𝑎)
−     +     𝐶𝐶𝐶𝐶(𝑎𝑎𝑎𝑎)

−     →     𝐴𝐴𝐴𝐴𝐶𝐶𝐶𝐶4 (𝑎𝑎𝑎𝑎)
−     +     𝑁𝑁𝑂𝑂2 (𝑔𝑔) 

(a) Balance the equation using either the half reaction method or the oxidation method.      [3 marks] 
 Show your work. 
 
 
 
 
 
 
 
 
 
 
 
(b) Identify the oxidizing agent.                 [1 mark] 
 
 
(c) Identify the reducing agent.                 [1 mark] 
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5. Consider the following electrochemical cell, run at 25.00°C:          [8 marks] 
 

𝐶𝐶𝐶𝐶(𝑠𝑠) � 𝐶𝐶𝐶𝐶(𝑎𝑎𝑎𝑎)
2+ (0.0100 𝑀𝑀) ‖ 𝐴𝐴𝐴𝐴(𝑎𝑎𝑎𝑎)

+ (0.500 𝑀𝑀) � 𝐴𝐴𝐴𝐴(𝑠𝑠) 
 
(a) Write a balanced chemical equation for the reaction that proceeds in this electrochemical cell. 
                     [1 mark] 
 
 
 
 
 
 
 
(b) Calculate the cell potential for this electrochemical cell.            [7 marks]  
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6.  The 𝐾𝐾𝑎𝑎 value for 𝐻𝐻𝐻𝐻(𝑎𝑎𝑎𝑎) at 25.00 ℃ is 6.8 × 10-4.          [12 marks] 

      𝐻𝐻𝐻𝐻(𝑎𝑎𝑎𝑎) ⇌ 𝐻𝐻(𝑎𝑎𝑎𝑎)
+ + 𝐹𝐹(𝑎𝑎𝑎𝑎)

−            𝐾𝐾𝑎𝑎 = 6.8 × 10−4 

(a)   Calculate ∆G° for the reaction above.              [2 marks] 
 

 

 

 

 

 

(b)  Calculate ∆fG° for 𝐻𝐻𝐻𝐻(𝑎𝑎𝑎𝑎).                [3 marks] 

 

 

 

 

 

 

 

(c)   Calculate the 𝐾𝐾𝑎𝑎 value for 𝐻𝐻𝐻𝐻(𝑎𝑎𝑎𝑎) at 50.00 ℃.               [6 marks] 

 

 

 

 

 

 

 

 

 

 

 

 

 

(d)  Is 𝐻𝐻𝐻𝐻(𝑎𝑎𝑎𝑎) a stronger acid at 50.00 ℃ or at 25.00 ℃?  How do you know?             [1 mark] 
  In other words, at which temperature is the reaction more product-favoured?  
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Some Useful Constants and Formulae 

Fundamental Constants and Conversion Factors 
Atomic mass unit (u) 1.660 539 × 10-27 kg Kelvin temperature scale 0 K = -273.15 ˚C 
Avogadro's number (NA) 6.022 141 × 1023 mol–1 Kw (at 25 °C) 10-14 
Boltzmann constant (kB) 1.380 649 × 10-23 J·K-1 Planck's constant (h) 6.626 070 × 10-34 J·Hz-1 

Charge of electron -1.602 176 × 10-19 C Speed of light in vacuum (c) 2.997 925 x 108 m·s-1 
Faraday’s constant (F) 96 485 C·mol-1 Volume conversion 1000 L = 1 m3 

Ideal gas constant (R) 8.314 462 J·mol-1·K-1 
8.314 462 m3·Pa·mol-1·K-1 

Pressure conversions  1 bar = 100 kPa 
1 atm = 1.01325 bar  
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35.4527 
Cl 
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39.948 
Ar 
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K 
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40.078 
Ca 
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44.9559 
Sc 
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47.88 
Ti 
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Cr 
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Mn 
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55.847 
Fe 
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Co 

27 
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Ni 

28 
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Cu 

29 

65.39 
Zn 

30 
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Ga 
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Ge 
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Se 
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Br 
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Developed by Prof. R. T. Boeré (updated 2016) 
 
 
 
Some Useful Thermodynamic Properties  
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𝐹𝐹(𝑎𝑎𝑎𝑎)
−  -332.63 -278.79 -13.8 

𝐻𝐻𝐻𝐻(𝑎𝑎𝑎𝑎) -320.08 see question 6 88.7 
 
 

Half Reaction 𝐸𝐸°(𝑉𝑉) 
𝐴𝐴𝐴𝐴(𝑎𝑎𝑎𝑎)

+  +  𝑒𝑒−  →  𝐴𝐴𝐴𝐴(𝑠𝑠)   +0.80 
𝐶𝐶𝐶𝐶(𝑎𝑎𝑎𝑎)

2+  +  2 𝑒𝑒−  →  𝐶𝐶𝐶𝐶(𝑠𝑠)   +0.34 
𝐶𝐶𝐶𝐶(𝑎𝑎𝑎𝑎)

2+  +  𝑒𝑒−  →  𝐶𝐶𝐶𝐶(𝑎𝑎𝑎𝑎)
+    +0.15 

2 𝐻𝐻(𝑎𝑎𝑎𝑎)
+  +  2 𝑒𝑒−  →  𝐻𝐻2(𝑔𝑔)   0 

 
 


