Chemistry 231 Test 1 (12 October 2018) Name:

e please answer all 5 questions in the spaces provided e all questions are of equal value
e you have two hours to write this test e no books or notes are allowed
e a calculator and the equation sheets provided may be used e no marks for unreadable answers
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1. a) 5.00 moles of an ideal gas initially at 300 K and 5.00 bar expand@ and

to a final pressure of 2.00 bar. Calculate AU, g and w.
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b) 5.00 moles of an ideal gas initially at 300 K and 5.00 bar expands isothermally against a

er of 2.00 bar to a final pressure of 2.00 bar. Calculate AU, g and w.
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¢) Use the results from parts a and b illustrate that the internal energy is a state function but heat
and work are path-dependent.

p AU=0
b ...' ’f’f;‘;-)' ) = 74823 )
- W= -74-82 J
Q‘ 4w path Agpeod

<Y



2.
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This question refers to a 25.0 L tank containing methane gas a@nd 1000 bar, = 29& ¢S §

pPVeEnRT
a) Use thelideal gas lawyto calculate the number of moles (n) of methane in the tank.
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b) The ideal gas law unlikely to give an accurate value of n. Why?
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¢) Use the"€ompression factors ( r methane plotted in the diagram on the next page to

calculate a reliable value of n.
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e) Explain briefly in terms of molecular interactions why the number of moles methane in the
tank is significantly smaller the value of n from the ideal gas equation.
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Compression Factor Z=pV/nRT of NMethane

Diagram for Question 2
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3. 90.0 L of air (assumed to be an ideal gas with Cym = 5R/2) initially at 1.00 bar and 300 K is
compressed reversibly and adiabatically to a final volume of 10.0 L.

a) Calculate the final temperature.
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b) Calculate AU, AH, g and w for one mole of air. ( 4 M a¢>
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¢) Use the answer to a to explain how diesel engines can run without sparkplugs to ignite
fuel/air mixtures in the engine cylinders.
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A dﬁ hf @ Why" Explam briefly in molecular terms.

4. a) The isothermal compressibility (k) is defined as -V '(6V/dp)r not as ¥V '(6V/op)r . Why?
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b) i) Calculate the change in volume when 10. 00 L of liquid water is isothermally ﬁ@ﬁi’f/
compressed from 1.00 bar to 5.00 bar at 25 °C. Data: k= 0.0000459 bar-!
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ii) If 10.00 L of an ideal gas is isothermally compressed from 1.00 to 5.00 bar, the
change in volume is -8.00 L. The volume change for the compression of 10.00 L of
liquid water from 1.00 to 5.00 bar is much smaller (< 0.1% of the initial volume).
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c) In class we showed (BUISV)r = alVw?® for a van der Waals gas. If a van der Waals gas
expands isothermally, does the internal energy increase, decrease or remain constant?

Justify your answer.
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d) Prove that the thermal expansivity (#) of an ideal gas is 1/T.
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5.

a) Give a brief definition of a Joule-Thomson (JT) expansion.
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b) Give two practical applications of JT expansions.
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Is the Joule Thorifson coefficient (47) an extensive quantity? Explain.
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coefficient () is zero for an 1dea1 gas.
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e) N> gas initially at 300 K and 250 bar expands to a final pressure of 1.00 barina JT
experiment. Calculate the final temperature of the gas. Data: pr=0.340K bar—'.
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