Chemistry 231 Assignment #4 (due* Tuesday, 10 October, in class)

*This assignment is optional. You lose no marks if you don’t hand it in. Happy Thanksgiving.
1. a) A tank contains 10.0 L of an ideal gas at 100.0 bar and 300 K. A valve is opened, and the gas
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expands irreversibly and isothermally against a constant external pressure (pex = 1.00 bar) to a
final pressure of 1.00 bar. Calculate the volume change AV and the work w = —pex:AV.

b) A tank contains 10.0 L of a liquid at 100.0 bar and 300 K. A valve is opened, and the liquid
expands irreversibly and isothermally against a constant external pressure (pex = 1.00 bar) to a
final pressure of 1.00 bar. Calculate the volume change AV and the work w. = —pexAV. Data: the
isothermal compressibility of the liquid (assumed to be constant) is x = 0.000046 bar- I

¢) Why is the work done by the expanding gas (part a) much larger than the word done by the
expanding liquid (part b)?

d) Why is a leak from a tank of compressed gas much more dangerous than a leak from a tank of
compressed liquid?

a) Why is the isothermal compressibility defined as x = —V-Y(6¥/dp)r, not as x = V-1 (6V/dp)r?

b) Why is it convenient to define the thermal expansivity as §=V"1(8V/6T),, not as §= (8V/6T),?

a) Prove # = 1/T for an ideal gas.

b) For a nonideal gas obeying the equation of state p = RT/(Vm — b) prove
1 1
1+(p/RT) T
¢) Use the results from ¢ and d to decide if repulsive intermolecular forces increase or decrease
the thermal expansivity of a gas

a) When an ice cube from a freezer is placed in a beverage, a “cracking” sound from the ice is
often heard. Why?

b) A metal lid stuck on a glass jar can often be loosened by using warm water. Why?

a) The thermal expansivity (also called the cubical expansion coefficient) B=V-'(8V/0T), gives
the fractional change in volume per degree. The linear expansion coefficient Siinear = I1(8/87T),
gives the fractional change in length per degree. Show Siincar = £/3.

b) A steel rail is 40.0 feet long at 25.0 °C. Calculate Al (the change in the length of the rail) if the
temperature is changed from 25.0 °C to ~20.0 °C. Data: f=25.7 x 10° K~ (assumed constant)
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