Chem 130A First Mid-term Exam. Spring 2003

Q1. (20 Points)

A 1.0 liter glass bulb contains 1.0 x 10 H,molecules. If the pressure exerted by
the gas is 100 kPa (kilo-Pascals) what is: (i) the temperature of the gas, and (ii)
the root mean square velocity of the gas molecules?
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Chem 130A First Mid-term Exam. Spring 2003

Q2. (20 Points)

> >

number of molecules

Speed

Shown above is the distribution of speeds for gas
molecules. Three values of the speeds, A, B and C are indicated.
(i) Which is the root mean square speed (A,B or C)? (4 Points)
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(ii) Which is the mean speed (A, B or C)? (4 Points)
B |
(i)  Which is the most probable speed (A, B or C)? (4 Points)
A ,

(iv)  Suppose we already know the most probable speed of a collection of
gas molecules. Explain what additional information we gain if we are
also told what the mean and root mean square speeds are for the

same distribution. (8 Points)
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Chem 130A First Mid-term Exam. Spring 2003

Qs. (20 pomts)

A 5.0 g block of solid carbon dioxide is allowed to evaporate in a vessel with a
movable piston, of initial volume 100 cm®, maintained at 25°C (defined as the
system). Ignore the volume of the solid carbon dioxide.

()The system is allowed to expand isothermally against a.constant external
pressure of 1.0 atm. The volume of the vessel will expand until it comes to a stop
at equilibrium. Calculate the total work done by the system in this case. (10
points) :
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Chem 130A First Mid-term Exam. Spring 2003

QUESTION 3, CONTINUED

(if) Now consider a process that starts from the same initial conditions as in (i)..
Now consider that the system expands isothermally and reversibly to the same
final volume as in (i). Is the work done by the system in Process A greater than or
less than the work done by the system in Process B? Will this always be the
case? Explain your answer. You do not need to calculate the work done. (10
points).
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Chem 130A First Mid-term Exam. Spring 2003

Q4. (20 points)
Consider the following very simple model for gas expansion:
N

SYSTEM

“Piston”
ORODE BOBC 0 u
B
SYSTEM
o0 o l"‘.'.““.
“Piston”

The grids represent positions that the gas molecules (represented by circles) can
occupy, while the vertical bar represents a movable barrier or piston through
which the gas molecules cannot pass. In other words gas molecules on the left of
the piston can occupy any of the grids on the left of the piston, but cannot pass to
the right. Likewise, gas molecules on the right cannot pass to the left of the
piston, but can occupy any grid points on the right.

Note: Use entropy, S =k in W, where k = 1.0

W, the multiplicity, is given by:

W=MV[N!/(M-N)!}, where M is the number of grid points and N is the number of
molecules.

(i) Calculate the entropy of the system for case A (top) and for case B
(bottom). (10 points)
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Chem 130A First Mid-term Exam. Spring 2003

QUESTION 4, CONTINUED
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(i) What will be the position of the piston at equilibrium? Explain your
answer.
(10 points)
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Chem 130A First Mid-term Exam. Spring 2003

5. (20 Points)

At 25°C the standard enthalpy of combustion of sucrose is 5797 kJ/mol and the
standard Gibbs energy of the reaction is -6333 kJ/mol. Estimate the additional
non-expansion work that may be obtained by raising the temperature to blood
temperature, 37°C.
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-END OF EXAM-
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