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Problem 1: (35 points) [Oxtoby Problems 4.41-4.43]
a)(10 points) Compute the root-mean-square speed of H, moleculesin hydrogen gas at atemperature of
300 °K. The molecular weight of H, is 2 gm/mole. Show al reasoning clearly.



b)(10 points) Compute the root- mean-square speed of SFs moleculesin sulfur hexafluoride gas a a
temperature of 300 °K. The molecular weight of SFs is 146 gm/mole. Show al reasoning clearly.

| Print your name here:

¢)(10 points) Compute the root- meansquare speed of 500 Na atoms contained in an optica trap of
volume 1.0 10™ n?, at atemperature of 0.00024 °K. The atomic weight of Nais 23 gm/mole. Show dl
reasoning clearly.



d)(5 points) Compute the ratio of the root- mean square speed of He at the surface of the sun, where the
temperature is 6000 °K, to the root-mean-square speed of He in interstellar space, where the temperature
is100 °K. The aomic weight of Heis4 gm/ymole. Show dl reasoning clearly.

| Print your name here:
Problem 2: (20 points) 2.00 moles of diatomic N2 gas and 1.00 moles of monatomic He gas

are confined to arigid container of fixed volume V.
a)(10 points) Caculate the heat absorbed by this gas mixture in the vessdl of fixed volume, if
the temperature israised from 250 °K to 350 °K. Show dl reasoning clearly.




b)(10 points) Imagine now that the sample of 2.00 moles of N> gas and 1.00 moles of He gas
istrandferred to a cylindrical container with a moveable, frictionless piston that holdsthe gas a a
congtant pressure of 2.00 atm. Determine the heat absorbed by this sampleif itstemperature is
raised from 350 to 400 °K at constant pressure. Show dl reasoning clearly.

Print your name here; |

Problem 3: (50 Points) A 1.0 liter bulb is evacuated until the pressure of gasingde the bulb is
negligible. Unfortunately, thereisahole in the bulb that alows air to legk into the bulb and the pressure
to riseto 1.00" 10° Atm after 1.00 hour. In what follows, use exact kinetic theory formulas from the
free formula sheet. Y ou may assume that the surrounding atmosphere of gasis pure N, (MW=28
gm/mole) at one atmosphere pressure and that the temperature is congtant at 275 °K. The pressure of
the gas surrounding the bulb never changes because the volume of the surroundings is infinite compared
to the volume of the bulb.

a) (5 paints) Determine the aver age speed of N, moleculesin this problem. Show al reasoning
clearly!

b) (10 points) What is the number density r s (number of molecules'ent), of N, moleculesin the
surrounding atmosphere? Show dl reasoning clearly.



| Print your name here:

0) (5 points) What is the number dengity r 1, (number of molecules'ent), of N, moleculesin the bulb a
the end of one hour? Show dl reasoning clearly.

d) (10 points) To be exact, N, molecules effuse into the bulb and once
indde can effuse out again. By conddering the ratio of (the condtant rate of effusion in) to (the

maximum rate of effusion out) during the one hour lesk time, show that effusion out of the bulb can be
safely neglected. Show dl reasoning clearly.



| Print your name here:

€)(10 points) Determine the rate (molecules/sec) a which molecules leak into the bulb over the 1 hour
period from the data given. Show dl reasoning clearly.

f) (10 points) What is the area of the hole in the bulb through which the gas leaks? Show reasoning
Clealy.



| Print your name here:
Problem 4 (45 points) In the binary collision theory of chemica reactions, the energy needed to “climb the
barrier” Ea to the trangtion state comes from the kinetic energy of relative motion of the reactants, A and
B. Suppose ingtead that this form of energy iscompletely useless in promoting the reaction between A
and B. (This often turns out to be true for reactions with large Ea because the number of energetic
molecules in the high energy tail of the Boltzmann Didribution at low to moderate temperaturesis very
smdl.)

However, “internd” energy added to either of the molecules by the absorption of light can be
effective in promoting chemicd reaction. Suppose that only molecule A is capable of absorbing light and
let the energy added to molecule A by light absorption be E_. A mixture of A and B is subjected to
continuous irradiation by alaser beam producing a constant fraction f4 of excited A molecules with energy
E, . We designate the excited A molecules as A*. Y ou may assume that the speed digtribution for A* is
identica to thet for A before excitation with light. In what follows, you may wish to consult the Free
Formula Sheet for definitions of the “All or Nothing” and Arrhenius modds.

a)(10 points) If P(E,) isthe reaction probability when an A molecule of energy E_ (i.e. an A* molecule)
encounters any B molecule, write an expression for the reaction rate using concepts from the binary
collison modd. Show al reasoning clearly.

Print your name here:




b)(10 points) Using the “All or Nothing” modd, write an expression for the reaction rate between A and B
when B = Ea/2 and when E. =2E,. Show al reasoning clearly.

¢€)(10 points) Using the“Arrhenius’ model, write an expression for the reaction rate between A and B
when E_ = Ea/2 and when E_ =2E,. Show al reasoning clearly.

| Print your name here:
d)(15 points) A moreredidtic picture for light absorption isthat both A and B molecules can absorb light.
Suppose that both A and B molecules absorb light of energy E.=2Ea, with the fraction of A molecules
excited being fa and the fraction of B molecules excited being fs. Using the Arrhenius modd, write an
expression for the reaction rate. (Note that, if N4 isthe tota number of A molecules, the number of excited
A’sisfaNa while the number of unexcited A’sis (1-fa)Na. A amilar comment gppliesto B molecules)).




Show dl reasoning clearly. (Be careful, this question is more subtle than it may appear! There are three
different “kinds’ of collisons)

The End
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