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CHEM 1001 A, T Midterm Test #1 October 14, 2011

Part A. Answer each of the six questions with a few sentences or equations where necessary. 
(5 Marks each)

1.
Assuming 1 mole of gas at 0oC in a volume of 20.0 L, which will have the lower pressure and why: He(g) or Ar(g) ?

The pressure is low (there is only one mole of gas in 20.0 L), so attractive forces dominate repulsive forces. Thus the gas with the larger attractive forces will have the lower pressure. Since the Ar atoms are larger than the He atoms, the attractive forces in Ar are larger than in He, and so the Ar has the lower pressure.
2.
Why does the temperature of the atmosphere go through a maximum at an altitude of 30 km?

The concentration of ozone is at a maximum at this altitude. Ozone absorbs infrared radiation and causes warming.
3.
Beginning with NiS(s), show the three reactions that lead to acid rain. 

NiS(s) + 3/2 O2(g) → NiO(s) + SO2(g)

SO2(g) + ½ O2(g) → SO3(g)

SO3(g) + H2O(l) → H2SO4(aq)
4.
If a sample of gas is compressed and heated, is E positive or negative? Explain.

Compressing the gas means w > 0. Heating it means q > 0. E = q + w, so E > 0.
5. 
Name three ways that hydrogen might be stored in an automobile for use as a fuel.

Any three of:

As a compressed gas


As a liquid


Dissolved in a metal such as Pt, Pd, …
Adsorbed on carbon nanotubes
6.
Consider a sample of H2(g) at 100oC and a sample of CH4(g) also at 100oC. What can be said about the molar kinetic energies of these gases? Why?

The average kinetic energies are the same. Average kinetic energy depends only on temperature.

Part B. Answer any two of the following three questions (B1, B2, B3). If you answer all three, the best two answers will count. (20 marks each)

B1.
(a) Use the van der Waals equation to calculate the pressure (in bar) exerted by 100 moles of nitrogen gas in a 15.0 L container at 75.0oC. For nitrogen, a = 1.408 bar L2 mol-2 and b = 0.0391 L mol-1.
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(b) Explain why it is appropriate to use the van der Waals equation in part (a) above.

This is a very high pressure, so the molecules are close together. Their volumes and the attractive forces among them become significant under these conditions, so the pressure is very different from what the ideal gas law would predict.

(c) A 6.50 L vessel contains 1.0 g of each of Ne(g) and F2(g) at 35oC. Calculate the total pressure and the partial pressure of each gas (in bar).
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ntot = 0.04955 + 0.02632 = 0.07587 mol
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B2.  
(a) The density of an unknown gas is found to be 1.29 g/L at 10.0 bar and 100oC. Calculate the molecular weight of the gas (g/mol), and identify the gas.
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Only He has this molar mass.

(b) Calculate the ratio of the diffusion rates of SO2(g) and SO3(g). Which gas diffuses faster?
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  (would be 0.90 if inverted)

The SO2 diffuses faster.

(c) Methane, the main constituent of natural gas, burns in oxygen in the reaction:

CH4(g) + 2 O2(g) → CO2(g) + 2 H2O(l)

Calculate (Ho (in kJ mol-1) for this reaction using the following information:


CH4(g) + O2(g) → CH2O(g) + H2O(g)

(Ho = -284 kJ mol-1

CO2(g) + H2O(g) → CH2O(g) + O2(g)

(Ho = 518 kJ mol-1

H2O(l) → H2O(g)



(Ho = 44.0 kJ mol-1

rxn 1: CH4(g) + O2(g) → CH2O(g) + H2O(g)
(Ho = -284 kJ mol-1

-rxn 2: CH2O(g) + O2(g) → CO2(g) + H2O(g)
(Ho = -518 kJ mol-1

-2 rxn 3: 2 H2O(g) → 2 H2O(l)


(Ho = -88.0 kJ mol-1

______________________________________________________


CH4(g) + 2 O2(g) → CO2(g) + 2 H2O(l)

(Ho = -284-518-88.0 = -890 kJ mol-1
B3. (a) A 7.40 g sample of sucrose (C12H22O11) is burned in a constant volume calorimeter which has a heat capacity of 7.00 kJ/oC. The temperature increases from 24.8oC to 41.7oC. Calculate the molar energy of combustion of sucrose (in kJ/mol).
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(b) 
Oxygen gas can be produced by the decomposition of hydrogen peroxide according to the reaction: 
2 H2O2(aq) → 2 H2O(l) + O2(g). A 10.0 L air-filled vessel is initially at 25oC and 1.00 bar pressure. 50.0 g of H2O2(aq)  is placed in the vessel and fully decomposes. The temperature increases to 35oC. Calculate the final pressure (in bar). Neglect the volume that the liquids occupy.
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