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Multiple Choice Questions Circle one answer for each question (3 points each, 30 total)

1) The number of microstates for 5 distinguishable particles arranged in a container with two halves is:
a.5 b. 10 c.25 @32

2) What type of infrared absorption do you expect the N2 molecule to have?
a. positive @3 weak C. negative d. strong

3) A car engine has an operating temperature of about 150C. If the surroundings are at 15C, what is the
maximum efficiency that the engine could achieve?

@0.31 b. 0.44 c. 0.62 d.0.98

4) Which is the best estimate of AH{® of nitrogen atoms? (all in k] /mol)

a.-940 b. -470 .0 940

5) A complex can be formed between Ar and CH4. What is the main intermolecular force that is
responsible for the existence of this complex?

a. dipole-dipole b. electrostatic c. polarization @dispersion
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6) Which of the following molecules would be expected to have the highest boiling point?

@ CH30H b. CHa c. CH3CH3 d. CHsF

7) Which of the following pressures (in atm) is the best estimate for the triple point of water?

@0.005 b. 0.6 c.6 d. 600

8) Which of the following salts, per unit mass, might be expected to provide the largest freezing point
depression (and thus, ignoring other effects) would be most effective on roads?

a. NaCl b. CaCl2 c. Nal @NaF
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Short Answer Question #1 [15 points]

The discoverer of Charles’ Law, Jacques Charles, was also very preoccupied with exploring balloon flight, and
participated in the first flight using a hydrogen-filled balloon (in 1783!). For that flight, the hydrogen was
produced by the reaction of sulfuric acid, H,SO4, on iron filings (55.8 g mol™), yielding iron (II) sulfate as well.

(a) (6 points) What mass of iron filings would be required to fill a balloon of radius 4m with hydrogen gas at
25.0°C and 1.00 atm pressure?
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(b) (5 points) Suppose that as the intrepid ballooners and their balloon rose, the outside pressure dropped to 0.9
atm, and the temperature fell to a chilly -16.0°C. How would the volume of the balloon change (you may
assume that the balloon material is perfectly flexible)?
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(c) (4 points) Given that the average energy per molecule in the kinetic theory is 345772, predict the ratio of the
root mean square speeds of the molecules at -16°C versus 25°C.
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Short Answer Question #2 [15 points]
(a) (6 points) Use average bond enthalpies to estimate the enthalpy of combustion for methane, CH4, the main
component of natural gas (which is the main fuel coming from the nationwide fracking boom).
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(b) (6 points) Before methane can be burned, it must be heated to its ignition temperature of 600C. How much
heat (in kJ mol ™) is required to bring 0.5L of methane from STP to 600C at constant pressure (treat methane as
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(¢) (3 points) Discuss why a natural gas furnace would be expected to be more or less efficient (i.e. produce
more or less heat per mole of methane burned) depending on whether the water vapor produced as a product is

vented directly or condensed within the furnace. ﬂ %
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Short Answer Question #3 [15 points]

(a) (8 points) Sketch the energy levels of the 5 atomic 3d orbitals when they are in an
octahedral field of negatively charged ligands. Label the energy levels, making the z axis
axial and in the equatorial plane, have 2 ligands symmetrically positioned on both the x and
the y axes. Show clearly which d orbitals have equal energies and do not, and also show the
energies relative to a uniform negative background in terms of the splitting, A,
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(b) (7 points) The ferric Fe*" ion (the oxidation state found in rust) has 5 3d electrons. How
many unpaired electrons are possible in the case of both small and large values of A,?
Predict the likely number of unpaired electrons for the [Fe(CN)s]> complex, giving a clear
reason for your answer.
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