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Name:_______________________________________     Student Number:____________________

Chemistry 65.100 A and V  Fourth Test  March 5, 2004
Make sure this test has six pages! Authorized memoranda: Calculator only
Part A. Answer all questions (5 marks each)
1. Which will have the lower freezing point point: 3 m MgCl2(aq) or 4 m KBr(aq)? Why? [5]

3 m MgCl2(aq) means 3 m Ca+2(aq) and 6 m Cl-(aq), for a total of 9 m ions.

4 m KBr(aq) 4 m K+(aq) and 4 m Cl-(aq), for a total of 8 m ions.

Since freezing poiint depression is a colligative property, depending only on the concentration of dissolved species, the freezing point of 3 m Ca+2(aq) will be lower.
2. 
(a) HOI is a weaker acid than HOBr. Why? [2.5]

The more electronegative Br atom draws electrons towards itself, decreasing the density of electrons in the H-O bond, weakening it, allowing the H+ to be more acidic.

(b) HI is a stronger acid than HBr. Why? [2.5]

The more electronegative Br atom makes the H-Br bond more ionic, hence stronger, than the H-I bond.

3. Will an aqueous solution of NaOCl be acidic, basic or neutral? [2] Why? [3]  (Ka for HOCl = 3.5 x 10-8; 
Kb for NaOH is very large.)
In water, NaOH(s) ( Na+(aq) + OH-(aq) essentially completely. In other words, Na+(aq) is a very weak acid.

In water, HOCl + H2O(l) ( H3O+(aq) + OCl-(aq), but the equilibrium lies far to the left, i.e. the OCl-(aq) is a strong base.

Thus, OCl-(aq) + H2O(l) ( HOCl(aq) + OH-(aq) occurs, resulting in a basic solution.
4. Will the solubility of strontium carbonate, SrCO3(s), increase or decrease as the pH is raised? [2]
 Why? [3]

SrCO3(s) ( Sr+2(aq) + CO3-2(aq)

But, the CO3-2(aq) is the conjugate base of the weak acid HCO3-(aq). Thus,


CO3-2(aq) + H2O(l) ( HCO3-(aq) + OH-(aq)

Raising the pH increases [OH-(aq)]. This will cause the above equilibrium to shift to the left, raising [CO3-2(aq)]. The dissolution equilibrium will therefore shift left to consume this excess CO3-2(aq), lowering the solubility of the SrCO3(s).

5. Why is the vapor pressure of NaCl(aq) less than that of pure water? [5]

The Na+(aq) and Cl-(aq) ions take up space at the liquid-gas interface, effectively blocking some water from evaporating. Also, the ions interact strongly with the water, holding it in the liquid phase with greater energy.
6. Why is silicon doped with arsenic called an “n-type semiconductor”? [5]

Silicon is a semiconductor because the energy difference between its molecular orbitals and ots conduction band is moderate (larger than a semiconductor, smaller than an insulator). The arsenic has one more valence electron than the silicon. As-doped Si therefore has an excess of electrons, which are negatively charged, hence the name n-type semimconductor.
Part B. Answer three of the following four questions (20 marks each).  If you answer all four, the best three will be used to calculate your mark for part B.

1. (a) Calculate the freezing point (oC) of a solution of LiCl(aq) that has a boiling point of 102.00(C. 
(for water, Kf = 1.86oC kg mol-1 and Kb =  0.51oC kg mol-1.) [8] 
Tb = Kbm
Thus,
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Thus,
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Or, Tf = 0.00 – 7.29 = -7.29oC

(b) A solution of CaBr2(aq) has an osmotic pressure of 15.5 atm at 30oC. Calculate the concentration of Ca+2 ions (mol/L) in this solution. [4]
=MRT
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Thus, since CaBr2 ( Ca+2 + 2 Br-, then [Ca+2] = 0.623/3 = 0.208 mol L-1
(c) 
Calculate the vapor pressure (mm Hg) of 2.0 m NaCl(aq) at 25oC. (The vapor pressure of pure water at 25oC is 23.8 mm Hg.) [8]
2.0 m NaCl(aq) means 2.0 mol NaCl in 1 kg H2O(l). 

nsolute = 2 x 2.0 = 4.0 mol (since NaCl ( Na+ + Cl-)
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2.
Calculate the pH and concentrations of all species present (except H2O) in a 1 M aqueous solution of the base piperidine, C5H11N, for which Kb = 1.3 x 10-3. [20]
C5H11N(aq) + H2O(l) ( C5H11NH+(aq) + OH-(aq)
	
	C5H11N(aq)
	C5H11NH+(aq)
	OH-(aq)

	Initial
	1.0
	0
	0

	Change
	-x
	+x
	+x

	Equilibrium
	1.0-x
	x
	x
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x2 = 1.3 x 10-3 – 1.3 x 10-3 x


x2 + 1.3 x 10-3 x - 1.3 x 10-3 = 0
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Thus, [C5H11NH+(aq)] = x = 0.0354 M


[OH-(aq)] = x = 0.0354 M


[C5H11N(aq)] = 1.0 – x = 0.965 M


pOH = -log10[OH-(aq)] = -log10(0.0354) = 1.45


pH = 14.0 – pOH = 14.0 – 1.45 = 12.55

[H3O+(aq)] = Kw/[OH-(aq)] = 1.0 x 10-14 / 0.0354  = 2.82 x 10-13
3 (a) A buffered solution is made by adding 1.0 mole of piperidine, C5H11N, (Kb = 1.3 x 10-3) and 2.5 mole of piperidine hydrochloride, C5H11NHCl(s) to 2.5 L of water. Calculate the pH of this solution.

The base hydrolyzes according to:

C5H11N(aq) + H2O(l) ( C5H11NH+(aq) + OH-(aq)
And the salt dissolves to yield the conjugate acid:

C5H11NHCl(s) ( C5H11NH+(aq) + Cl-(aq)

Thus, [base] = [C5H11N] = 1.0 mol / 2.5 L = 0.40 M


[acid] = [C5H11NH+] = 2.5 mol / 2.5 L = 1.0 M [2]

pKa = -log10(Ka). However, Ka = Kw/Kb for the conjugate pair C5H11N - C5H11NH+
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(b) 0.10 mole of HCl is added to the above buffer solution. Calculate the pH of the resultant solution.
The HCl destroys some of the base and creates some of its conjugate acid according to:

C5H11N(aq) + HCl(aq) ( C5H11NH+(aq) + Cl-(aq)
Thus, [base] = (1.0 – 0.1) mol / 2.5 L = 0.36 M

[acid] = (2.5 + 0.1) mol / 2.5 L = 1.04 M  [6]
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4. Polonium (Po) metal crystallizes in a simple cubic unit cell. X-ray diffraction data shows that the edge length of the Polonium unit cell is 334 pm. 
(a) Calculate the density of Polonium metal (g cm-3).
The volume of the unit cell is d3 = (3.34 x 10-8 cm)3  = 3.73 x 10-23 cm3 [4]
A simple cubic unit cell contains only one atom. The mass inside the unit cell is therefore
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(b) Calculate the radius of a Po atom.

In a simple cubic unit cell, two atoms touch along the edge length. 

Thus, radius = edge length / 2 = 167 pm  [4]
(c) Calcium (Ca) crystallizes in a face-centred cubic unit cell. If the edge length of the unit cell is 557 pm, calculate the radius of a calcium atom (pm).
In a face centred cubic unit cell, the diagonal of the face has a length of 4r. 

By Pythagoras’ theorem, l2 + l2 = (4r)2. 

Solving,
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