Chemistry 21c (AY 200D8) TA: Kurt Mou

Problem Set 1 Office: 130 Broad
Distributed: Wednesday, April 03, 2008 mouung@caltech.edu
Due: Wednesday, April 09, 2008 Hours: Mor7:30 @ 132 Noyes

Unless otherwise marked, all assignments are due at 6 pm, in the Ch21 mailbox
(opposite the lecture hall 147 Noyes).

1 - Center of Mass Coordinates, Relative Velocity (Houston, Problem -1202)oints
(see Houston, Appendix in Chapte
Consider a system consisting of two ideal gas molecules (massesl my,
velocities \ and ), in thermal equilibrium with a bath of temperature T.

a) Write the velocity distribution function for the system
b) Our goal is to calculate the relagivelocity of the two molecules to each other.

In order to do this, we transform from the laboratory framewy to the center of
mass frame i, Vie)). Use the transformations

v. =y | ﬂv
1 cm " M rel

v.o=y 4+,
2 cm M rel

to determine the velocity distribution in the center of mass frame.

c¢) Using your answer from part bonvert the Cartesian coordinates to spherical
coordinatesthen integrate over all space to show that

_ [T
<vrel> - JT“

wherep is the reduced mass.

2 - Kinetic Molecular Theory of Planetary Gasekb pts.

a) Calcuate the escape velocity (the minimum initial velocity that will take an
object to infinity) from the surface of a planet of radius R.

b) What is the value for the Earth (R=6.37xh g=9.81 m€)? What is the
value for Mars (R=3.38x£m, myadMea=0.108)?

c) On Earth, at what temperatures do He, and @ molecules have mean speeds
eqgual to the escape speeds?

d) Consider the ©molecule on Earth. What proportion of the molecules have
enough speed to escape when the temperature is 240K? Whatoald&RoK?



3 - Energy Fluctuations 25 pts.

In the thermodynamic limit of a large number of particles, we usually replace
whatever distribution we are working with, with its mean value. For individual
particles though, it is interesting to investigdte tiuctuations from this mean.

a) Starting with the MaxweBoltzmann speed distribution, demonstrate that the
probability distribution for translational energy far>> KT is given by

/2
f¢Hdr, =2" &i%’ exp&)#%ﬁ’zd.’ ”

ST § C kT §

b) Using the kinetic energy distribution that you obtained in part a, derive the
standard deviation the energy for a single particle as a function of temperature and
mass. Hint: Standard deviation is defirzsd

SOENUSEINE
c) What is" (!) of N, at room temperature? What is the value of the rgtiy'! ?

d) Now suppose that we have a mole gimiblecules at room temperature. What
is the total energy, and the standard deviation in the energy?is\thatratio
“Mn-

4 - Effusion- 15 pts.

Cryogenic pumps operate by freezing out gas particles to reduce the pressure.
That is to say, whenever a gas molecule hits the cold finger of a cryopump, it
freezes and sticks. A particular cryopumpOs auigefihas a 50 chsurfacearea.

a) Calculate the rate at which nitrogen molecules would collide with the cold
finger in a vacuum system atjZ5and 16 Torr.

b) The vacuum system above has a leak to the atmosphere. Assuming a standard
temperature and essure nitrogen atmosphere how large a leak, in terareaf

can the system tolerate and still maintaiif T@rr vacuum? You maglso

assume the vacuum system is well mixed and that the pressure witbystena

is instantaneously homogenized.



5BbVan der Waals gas (Textbook, Problem 1.12, 1.14, 1.17, -11X)pts.

The van der Waals equation is
(P+a/V?)(V -b)=RT

Answer questions below:

a) Calculate the second virial coefficient (eq. 1.11) of methane at 300 K and 400
K from its van der Waals constants (Table 1.3), and compare these results with
Fig 1.9.

b) The cubic expansion coefficightis defined by

1(av)
oa=—|—
v\er),

and the isothermal compressibiltys defined by

1(av)
K=——|—
V\oP),

Calculate these quantities for an ideal gas.

c) Calculate the isothermal compressibility for a van der Waals gas. Show that in
the limit of infinite volume, the value for an ideal gas is obtained.

d) Calculate(”P/"V)T and(”P/"T)v for a gas that has the following equation of
state:
_ nRT
V -nb
And show that:
("*P/"V"T) = ("*P/"T"V)
These are referred to as mixed partial derivatives.

6 - Erf and theMlaxwell Boltzmann Distribution- 10 points

a) What is the probability of a particle having a one dimensional velocity in the
range-vo to w? Leave your answer in integral form.

b) Use a change of variables to rewrite your answer in part a in terhres exfror
function, where

erf (2) =%#e" < dx

c) Use your expression from part b to determine the probability that |v| <
(2kT/m) . For this part, you must use your favorite computer package
(Mathematica, Maple, etc.).



