PAGE  
5
Final Examination April 2003    CHEM 1000 A and V        R. Burk


Final Exam April 2003

Part A. Answer all eight questions (5 marks each).
1. State Hund’s rule.
Hund’s rule says that electrons are placed in degenerate orbitals one orbital at a time, until each orbital has one. Only then are electrons paired up.
2. Why is HCl a stronger acid than HF?
F is a more electronegative atom than Cl. Thus the H-F bond is more ionic hence stronger than the H-Cl bond. HF is therefore less acidic.
3. Name three factors that affect the rate of a chemical reaction.
Any three of rate of collisions (or concentrations of reagents or pressure), orientation of collisions, energy of collisions (or temperature), presence of a catalyst, reaction pathway.
4. Chemical reactions are accompanied by energy changes, as are nuclear reactions. Why do we observe a change in mass in a nuclear reaction, but not in a chemical reaction?
Chemical reactions also have changes in mass, but these are too small to measure.
5. How does a sacrificial anode work to prevent corrosion?
The sacrificial anode is made of something more easily oxidized that the metal to be protected. The electrons from the oxidation of the sacrificial anode are at a higher potential than the electrons coming from the oxidation of the metal being protected, hence this metal does not oxidize.
6. Why do high concentration solutions of ionic salts have large deviations from Raoult’s Law?
The oppositely charged ions tend to interact strongly with the solvent (generally via ion-dipole forces), effectively preventing the solvent molecules from vaporizing as easily, lowering the vapor pressure below what Raoult’s law would predict.
7. For the reaction H2(g) + ½ O2(g) ( H2O(g), which way will the equilibrium shift if pressure is decreased? Why? 
The equilibrium will shift to the left to increase the pressure, since thee are 1.5 moles of gas on the left and only 1 mole of gas on the right.
8. Graphite is the standard state of carbon. Why do diamonds exist at 25cC and 1 atm?
Diamond is thermodynamically unstable, but the conversion to graphite is so slow that diamonds will exist for a very long time under these conditions.
Part B. Answer all four questions (20 marks each).
1. The following data were obtained for the reaction 2 ClO2(aq) + 2 OH-(aq) ( ClO3-(aq) + ClO2-(aq) + H2O(l)
	[ClO2(aq)] (mol L-1)
	[OH-(aq)] (mol L-1)
	rate (mol L-1 s-1)

	0.0500
	0.100
	0.0575

	0.100
	0.100
	0.230

	0.100
	0.050
	0.115



where rate = 
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(a) Determine the rate law.

Comparing the first and second experiments, we see that as [ClO2] is doubled, the rate increases by a factor of four. Thus, the reaction is second order in [ClO2].

Comparing the second and third experiments, we see that as [OH-] is doubled, the rate increases by a factor of two. Thus, the reaction is first order in [OH-].

The rate law is therefore rate = k[ClO2]2[OH-]

(b) Does the reaction occur in one step as written? How do you know?

Since the stoichiometric coefficient of the OH- in the overall reaction is 2, but the order of [OH-] is 1, we know that the reaction does not occur as written.

(c) Calculate the rate constant and units.

From part (a), rate = k[ClO2]2[OH-]

Thus, 
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(d) Calculate the reaction rate when [ClO2(aq)] = 0.175 mol L-1 and [OH-(aq)] = 0.0844 mol L-1.
rate = k[ClO2]2[OH-]

= 230 L2 mol-2 s-1 (0.175 mol L-1)2(0.0844 mol L-1)
= 0.594 mol L-1 s-1
2.  (a) The easiest fusion reaction to initiate is 
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. Calculate the energy released (in kJ mol-1) per mole of 
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Δm = [m(42He) + m(10n)] – [m(21H) + m(31H)]
= 4.00260 + 1.00866 – 2.0140 – 3.01605 amu
= -0.01879 amu (per nucleus)

x 1.66 x 10-27 kg/amu = 3.119 x 10-29 kg (mass lost per nucleus)

ΔE = Δmc2
=3.119 x 10-29 kg x (3.00 x 108 m s-1)2
2.81 x 10-12 J (per nucleus)
x 6.02 x 1023 mol-1 = 1.69 x 1012 J mol-1
= 1.69 x 109 kJ mol-1
(b) Complete the following nuclear reactions, which have been used to synthesize new elements:
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(c) Calculate the decay rate (disintegrations per second) of 0.050 g of 234Th, which has a half-life of 24.1 days.
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N = 0.050 g / (234 g/mol) x 6.02 x 1023 atoms/mol = 1.29 x 1020 atoms 234Th
Rate = kN = 3.33 x 10-7 s-1 x 1.29 x 1020 = 4.28 x 1013 s-1
3. (i) Name the following compounds:   
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2-pentanone or methylpropyl ketone
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trimethylamine
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(ii) Draw or give correct names for the products of the following reactions:

(a) 
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 or butanal or butyl aldehyde
(b)   
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 or 3-pentanone or diethylketone
(c) 
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 or N-ethyl propanamide
(d) 
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 or methyl propyl ether

(e)
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 or methyl propionate or methyl propanoate
4. 
(a) Calculate the standard free energy change (kJ mol-1) for the following reaction at 25°C:

CO(g) + 3 H2(g) ( CH4(g) + H2O(g)
	
	CO(g)
	H2(g)
	CH4(g)
	H2O(g)

	ΔH°f, kJ mol-1
	-110.5
	0
	-74.8
	-241.8

	S°, J K-1 mol-1
	197.6
	130.6
	186.2
	188.7


ΔHo = ΔHof(CH4(g)) + ΔHof(H2O(g)) - ΔHof(CO(g)) - 3ΔHof(H2(g))
= -74.8 + (-241.8) – (-110.5) – 3(0)
= -206.1 kJ mol-1
ΔSo = So(CH4(g)) + So(H2O(g)) - So(CO(g)) – 3So(H2(g))

= 186.2 + 188.7 – 197.6 – 3(130.6)

-214.5 J K-1 mol-1
ΔGo = ΔHo - TΔSo
= -206100 J mol-1 – 298 K(-214.5 J K-1 mol-1)

= -142179 J mol-1
=-142.2 kJ mol-1
(b) Calculate the value of the equilibrium constant Kp at 1000°C.
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Part C. Answer any three of the six questions. If you answer more than three, the best three will be used to calculate your mark (20 marks each).
5. 
(a) Consider the following half-reaction:
CrO4-2(aq) + 4 H2O(l) + 3 e¯ ( Cr(OH)3(s) + 5 OH¯ (aq) 
 E° = -0.13 V


Calculate the potential of the reaction under physiological conditions, i.e. at 37.0°C and pH = 7.40 if [CrO4-2] = 1.00 x 10-6 M.
pH = 7.40, thus pOH = 14 – pH = 6.6. 

Thus, [OH-(aq)] = 10-6.60 = 2.51 x 10-7 mol L-1
Thus, 
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(b) How long (in minutes) will it take to electroplate 1.0 g Ni(s) from a solution of NiCl3(aq) using a current of 2.00 A?
t = nF/i
1.0 g Ni = 1.0 g / 58.69 g mol-1 = 0.0170 mol Ni
Since Ni+3(aq) + 3 e- ( Ni(s), we need 3 moles electrons per mole of Ni produced. Thus, n = 3(0.0170) = 0.0511 mol
t = nF/i 

= 0.0511 mol (96487 C mol-1) / 2.00 C s-1
= 2466 s

= 41.1 min
6. (a) 
A 0.15 g sample of a protein is dissolved in water to make 2.0 mL of solution. The osmotic pressure of this solution is found to be 18.6 Torr at 25°C. Calculate the molecular weight of the protein. 

Π = MRT
Π = 18.6 Torr = (18.6/760) = 0.0245 atm

Thus,  

M = Π/(RT)

= 0.0245 atm / (0.082 L atm K-1 mol-1 x 298 K)

= 0.00100 mol L-1
In this 2.0 mL solution there would be 0.00100 mol L-1 x 0.002 L = 2.00 x 10-6 mol of protein

The molecular weight is therefore 0.15 g / (2.00 x 10-6 mol) = 7.45 x 104 g mol-1
(b) 
A solution is made by adding 3.0 mol Na2SO4(s) to 2 kg H2O(l). What is the vapor pressure of this solution at 30°C? The vapor pressure of pure water at 30°C is 31.82 mm Hg.
3.0 mol Na2SO4 ( 6.0 mol Na+ + 3.0 mol SO4-2, or 9.0 moles of solute all together.

2 kg H2O = 2,000 g = 2000 g / 18 g mol-1 = 111.1 mol H2O

Thus, XH2O = 111.1/(111.1 + 9.0) = 0.925

pH2O = poH2OXH2O
= 31.82 mm Hg (0.925)

= 29.44 mm Hg
7.
Silver (Ag) crystallizes in a face centred cubic structure. The radius of a silver atom is 144 pm. Calculate the density of solid silver (g cm-3).
The length of the diagonal of one face is 4r. 

Thus, (4r)2 = l2 + l2
Or, 2l2 = 16r2
l2 = 8r2

l = (8r2)1/2 = (8(144 x 10-10 cm)2)1/2 = 4.07 x 10-8 cm

Thus, the unit cell volume is l3 = (4.07 x 10-8 cm)3 = 6.76 x 10-23 cm3
In an FCC structure, the unit cell contains the equivalent of four atoms. Thus, the mass of a unit cell is 4(107.9 g mol-1)/6.02 x 1023 mol-1 = 7.17 x 10-22 g

Thus, the density = mass/volume = (7.17 x 10-22 g)/(6.76 x 10-23 cm3) = 10.6 g cm-3
8.
Calculate the pH and the concentrations of all species present (except water) in a 0.1 M solution of the base triethylamine, (C2H5)3N. Kb = 0.0013 for triethylamine.
The equilibrium reaction is (C2H5)3N(aq) + H2O(l) ( (C2H5)3NH+(aq) + OH-(aq)
	
	[(C2H5)3N(aq)]
	[(C2H5)3NH+(aq)]
	[OH-(aq)]

	Initial
	0.1
	0
	0

	Change
	-x
	+x
	+x

	Equilibrium
	0.1 - x
	x
	x


Thus at equilibrium, 
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Since x is a concentration, x = 0.0108
Thus at equilibrium,

[(C2H5)3N] = 0.1 – x = 0.0892 M

[(C2H5)3NH+] = x = 0.0108 M

[OH-] = x = 0.0108 M

pH = 14 - pOH = 14- (-log10[H3O+]) = 14 – (-log10(0.0108)) = 14 – 1.44 = 12.03
9.
(a) It takes 4.5 min for 1.0 L of helium (He) to effuse through a porous barrier. How long (in minutes) will it take for 1.0 L of NF3(g) to effuse under identical conditions?
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but time is proportional to 1/rate, i.e.

[image: image32.wmf]time

time

MW

MW

time

time

MW

MW

2

1

2

1

2

1

2

1

4

5

14

3

19

4

18

9

=

=

=

+

.

min

(

)

.

min


10.
(a) Use VSEPR to predict the shapes of the following two species. Wrong name = zero marks.

ClF3
valence electrons = 7 + (3 x 7) = 28

Making single bonds and completing the octets around the F atoms uses 24 electrons. There are therefore two lone pairs on the Cl atom. This is thus of the form AX3E2, which is T-shaped.
XeF4
valence electrons = 8 + (4 x 7) = 36


Making single bonds and completing the octets around the F atoms uses 32 electrons. There are therefore two lone pairs on the Xe atom. This is thus of the form AX4E2, which is square planar.

(b) What hybridization would you expect for the central atom in each of the following two species?


H2C=O
Since the C is surrounded by three bonding groups and no lone pairs, it is using sp2 hybrids.

BH4¯

Since the B is surrounded by four bonding group and no lone pairs, it is using sp3 hybrids.
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(c) Referring to the MO diagram for N2 at the right,

(i) Calculate the bond order of N2.


BO = (8 – 2)/2 = 3
(ii) Would N2+ have a longer or shorter bond than N2? Why?


Creating N2+ requires removal of a (2p (bonding) electron. This will reduce

The bond order to (7 – 2)/2 = 2.5. This will therefore have a longer bond


than N2+.
(iii) Is N2+ paramagnetic? Why?
Yes, because of the unpaired electron in the (2p orbital.
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