Chemistry 231 Assignment #1 (due Tuesday, 29 September, in class)

1. Give the ordinary derivatives df/dx of the following functions:

31 a) fix)=-11+41x+3x b) fx)=15xInx 0 fix)=16/(1-x)
2. Evaluate the following integrals:
3 3 15
B1 & [12dr b) [(-1-9x + 8x')dx c) jzdx
X
.y -1
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ou 0

3. a) Use the thermodynamic equation of state (——J =T (—ﬁ) - p
ov ), oT ),

[3] to show (U/@V)r= 0 for an ideal gas.

b) Is (AU/AV)r an extensive quantity? Explain.

4. a) A real gas becomes ideal as the pressure drops to zero. Why?
/ V B(T c(r D(T:
[2] b) Show that the virial equation Pl - 14 BI) + (—2) + ( 3)
reduces to the ideal gas law in the limit p — 0.
5. The Stefan-Boltzmann law gives
p=pT* (f=2.522x10"PaK™)

for the pressure of thermal radiation (the “photon gas” mentioned in class).

[2] a) Calculate the pressure of thermal radiation at 20 °C. Give your answer in units of bar. Is
radiation pressure significant at room temperature?

b) Calculate the radiation pressure at the center of a thermonuclear explosion (7" =~ 10% K).

6. Work (w) is the energy transferred to a system by a force acting through a displacement. w is
positive (the system gains energy) if the force acts in the same direction as the displacement. w is
negative (the system loses energy) if the force and displacement are in opposite directions.

The force acting on mass m in the earth’s gravitational field is —mg. The minus sign indicates a
[1] downward force. g is the gravitational acceleration, 9.81 m s~2 near the surface of the earth.

A 1500 kg elevator car (the system) is lifted from the first floor to the third floor in Mulroney
Hall, a displacement of 30.0 m. Calculate w for this process.
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a) Give the value of the compression factor (Z = pVn/RT) for an ideal gas.

b) As shown in the graph below, Z = 1.00 for methane —100 °C and 280 bar. Is methane an ideal
gas under these conditions? Explain.

A 155.0 L tank is filled with 2000 moles of methane at 25 °C. For safety reasons (to avoid a
dangerous explosion), the pressure in the tank must not exceed 350 bar.

a) Calculate the pressure in the tank using the ideal gas law.
b) Repeat part a using the van der Waals equation (a = 2.28 bar L? mol—2, b = 0.0427 L mol-')
c) Repeat part a using the graph of the compression factor (copied below).

d) Is the tank safe? Justify your answer.

Compression Factor Z=pV/nRT of Methane
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