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CHEM 1002 A, V Midterm Test #2
March 9, 2012

Part A. Answer each of the six questions with a few sentences or equations where necessary. 
(5 Marks each)
1. What is the conjugate acid of (CH3)2NH(aq)?


(CH3)2NH2+(aq)
2.  For H2SO4(aq), Ka1 = 106 and Ka2 = 0.010. Why is Ka2 << Ka1?

The first hydrolysis requires separating H+ from HSO4(. The second requires removing H+ from SO42(, which requires more energy because of the double charge on the sulphate ion.

3. Write the oxidation numbers of the indicated atoms in the reaction:

HAsO2(aq) + 3 H3O+(aq) + 3 e(  →  As(s) + 5 H2O(l)


4.  Why is the solubility of NaCl(s) in water not affected by the pH?

Na+ is the conjugate acid of a very strong base (NaOH). Thus, Na+ is a very weak acid, and has essentially no acid-base properties. Cl- is the conjugate base of a very strong acid (HCl). Cl- is tgus a very weak base and has essentially no acid-base properties either.
5. What is the difference between a primary and a secondary Galvanic cell that allows the secondary cell to be recharged? 

In a secondary cell, the products of the reaction stick to the electrodes, making recharging possible.
6.  If an iron metal object is protected from corrosion by coating it with zinc metal, and the zinc metal is partially removed, exposing some iron metal, the iron metal still does not corrode. Why not?
As long as there is some zinc metal remaining, oxidation of the iron will not occur because the zinc has a more positive oxidation potential than iron.
Part B. Answer any three of the following four questions (B1, B2, B3, B4). If you answer all four, the best three answers will count. (20 marks each)

B1. A buffer is made by adding 10 g CH3NH2 and 20 g CH3NH3Cl to 1.00 L of water.


(a) Calculate the pH of the buffer solution. Kb for CH3NH2 is 4.6 x 10-4.
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The hydrochloride salt dissolves: CH3NH3Cl → CH3NH3+(aq) + Cl((aq). Thus, [CH3NH3+(aq)] = 0.296 M, and [CH3NH2(aq)] = 0.323 M


pKa = 14-pKb = 14-(-log10(Ka)) = 14-(-log10(4.6 x 10-4)) = 10.66
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(b) Calculate the pH after adding 1.00 g NaOH to 1.00 L of the buffer made in part (a) of this question..

The added OH-(aq) will destroy some of the acid and create an equal amount of the conjugate base:



CH3NH3+(aq) + OH((aq) → CH3NH2(aq) + H2O(l)
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In 1.00 L of the buffer, we had 0.323 moles of CH3NH2(aq and 0.296 moles of CH3NH3+(aq). These numbers will change by addition of the OH((aq):
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B2. 
The oxidation and reduction reactions in a lead-acid car battery are:
Pb(s)  + HSO4((aq) + H2O(l) → PbSO4(s) + H3O+(aq) + 2 e(
PbO2(s) + HSO4((aq) + 3 H3O+(aq) + 2 e( → PbSO4(s) + 5 H2O(l)


(a) Calculate the cell potential (in Volts) when [H2SO4(aq)] = 5.00 M and T = -30oC.

The oxidation reaction is Pb(s)  + HSO4((aq) + H2O(l) → PbSO4(s) + H3O+(aq) + 2 e(. This can be found in the reduction potential table (as the reverse of this reaction). The reduction potential is -0.36 V, so this oxidation reaction has Eo = +0.36 V.

The reduction reaction is PbO2(s) + HSO4((aq) + 3 H3O+(aq) + 2 e( → PbSO4(s) + 5 H2O(l), which has a reduction potential of +1.69 V.

The overall reaction is Pb(s) + PbO2(s) + 2 H3O+(aq) + 2 HSO4((aq) → 2 PbSO4(s) + 4 H2O(l), and the standard cell potential is therefore Eocell = 0.36 + 1.69 = +2.05 V
H2SO4 hydrolyzes in water: H2SO4(aq) → H3O+(aq) + HSO4((aq). Thus, 5.00 M H2SO4 means [H3O+(aq)] = [HSO4((aq)] = 5.00 M.
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(b) Calculate the equilibrium constant for this cell at 25oC.
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B3. 
Calculate the concentrations of all species present (in M) and the pH in a 1.50 M solution of arsenic acid, H3AsO4(aq). For this acid, Ka1 = 5.5 x 10-3, Ka2 = 1.0 x 10-7 and Ka3 = 3.2 x 10-12. Use the back of this page to finish your calculations if necessary. Please put your answers in the boxes at the bottom of this page.

H3ASO4(aq) + H2O(l) Ý H2ASO4((aq) + H3O+(aq)
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Solving, using the quadratic equation, x = 0.088 or -0.094. Since x is a concentration, we must use the positive root, thus x = 0.088.


Thus, [H3AsO4(aq)] = 1.5 – x = 1.41 M


[H2AsO4-(aq)] = x = 0.088 M


[H3O+(aq)] = x = 0.088 M


pH = -log10[H3O+(aq)] = -log10(0.088) = 1.06

H2ASO4((aq) + H2O(l) Ý HAsO42((aq) + H3O+(aq)
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HAsO42((aq) + H2O(l) Ý AsO43((aq) + H3O+(aq)
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	[H3AsO4(aq)]
	[H2AsO4((aq)]
	[HAsO42((aq)]
	[AsO43((aq)]
	[H3O+(aq)]
	[OH((aq)]
	pH

	1.41 M

	0.088 M
	1.0 x 10-7 M
	3.6 x 10-18M
	0.088 M
	1.14 x 10-13M
	1.06


B4. 
Balance the following redox reaction in a basic solution:
Cl2(g) → Cl((aq) + ClO4((aq)

Oxidation :

Cl2(g) → ClO4( (aq)

Cl2(g) → 2 ClO4( (aq)

Cl2(g) + 8 H2O(l) → 2 ClO4( (aq)

Cl2(g) + 8 H2O(l) → 2 ClO4( (aq) + 16 H+(aq)

Cl2(g) + 8 H2O(l) → 2 ClO4( (aq) + 16 H+(aq) + 14 e(

Reduction:


Cl2(g) → Cl-(aq)

Cl2(g) → 2 Cl-(aq)

Cl2(g) + 2 e( → 2 Cl-(aq)

Cross multiply and add:

Cl2(g) + 8 H2O(l) → 2 ClO4( (aq) + 16 H+(aq) + 14 e(

7(Cl2(g) + 2 e( → 2 Cl-(aq)) = 7 Cl2(g) + 14 e( → 14 Cl-(aq)

____________________________________________


8 Cl2(g) + 8 H2O(l) → 2 ClO4( (aq) + 14 Cl-(aq) + 16 H+(aq)
Or,
4 Cl2(g) + 4 H2O(l) → ClO4( (aq) + 7 Cl-(aq) + 8 H+(aq)

Convert to basic solution :


4 Cl2(g) + 4 H2O(l) + 8 OH-(aq) → ClO4( (aq) + 7 Cl-(aq) + 8 H+(aq) + 8 OH-(aq)

4 Cl2(g) + 4 H2O(l) + 8 OH-(aq) → ClO4( (aq) + 7 Cl-(aq) + 8 H2O(l)

4 Cl2(g) + 8 OH-(aq) → ClO4( (aq) + 7 Cl-(aq) + 4 H2O(l)
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