Chemistry 231 Test1 (13 October 2017) Name:

¢ please answer all 5 questions in the spaces provided e all questions are of equal value
¢ you have two hours to write this test * 10 books or notes are allowed,
¢ a calculator and the equation sheet provided may be used e no marks for unreadable answers

1. a) A tank is filled with compressed natural gas (assumed to be pure methane, MW 16.0 g mol~")
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at 20 °C and a density of 225 grams per liter. T = (ZO +2 15)/( = 2G72 &

i) Calculate the pressure in the tank using the ideal gas equation.
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) Calculats The pressure in the tank using the van der Waals equation.
(@=2.28 bar L> mol™? and 5 =0.0427 L mol™)
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iii) Do attractive intermolecular fol'_(f;ﬁ)minate repulsive forces? Justify your answer.
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b) Large amounts of methane are transported in liquid form, not as the compressed gas. Why?
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2.

PV = PN, = = nPT = M Fe
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1.00 mole of an ideal gas expands isothermally from 8.00 bar to 2.00 bar at 300 K:

a) Calculate w, g, AU and AH if the expansion is reversibl P&x{ -~ P ; &(
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b) Calculate w, g, AU and AH if the expansion 1sgrevers1ble with pexi =2 @
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c¢) Use the answers to a and b to illustrate that U and H are state functions, but ¢ and w are
path-dependent.
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a) Use the thermodynamic equation of state to prove (6U/6¥)r = 0 for ideal gases.
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b) Show (3C+/dV)r=0 forideal gases. _ _comm==""" (hintmmc;_: BUeT))
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¢) Show dg = CwdT + pdV for reversible processes for ideal gases.  (hint dU= dq+dw)
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d) Use dg = @ﬂ" +{pdV _to prove the function g(7,¥) does not exist for ideal gases.
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4, a) 5.00 L of liquid water initially at 1.00 bar and 25.0 °C is compressed isothermally.
The final pressure is 100.0 bar. For this process:

i) calculate the volume change (use &= 4.59 x 107> bar™', assumed to be constant)
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ii) explain why is unnecessary to specify if the compression is reversible (pext = p) or
irreversible (pext = 100.0 bar) in order to calculate the volume change
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b) Calculate x for water vapor (assumed 1o be an ideal gas) at 1.00 bar and 25 °C,
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¢) Why is the compressibility of liquid water much sma}l;ar than that of water vapor?
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5. a) Nitrogen gas initially at 300 atm and 50 °C
undergoes a Joule-Thomson expansion.
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b) Suggest why the Joule-Thomson expansmn of an ideal gas 1s also an isothermal expansion.
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¢) Ammonia and methane molecules"have the same number of electrons (10) and therefore
might be expected to have similar intermolecular dispersion forces.

But the van der Waals a parameter for ammonia (4.24 bar L? mol?) is significantly larger than a
for methane (2.28 bar ]}2’ mol-2). Account for this apparent discrepancy. 4 4
ek ho§t Who  molecuds Ao pRrfocoss
'?',) 52\{;‘5 N//é ehrie efsaﬁw CH MGCCM.D
dipritor i} th J- 5 ang no?:polcm :

H 4 X 2
d) Very strong codling can be obtained by adiabatically expanding ideal g%ses (Problem Set #3).

But when an ideal gas expands into a vacuum (pext = 0), show there is ro temperature change!
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