Chemistry 231 Assignment #6 (due Tuesday 31 October, in class)
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A coal-fired steam turbine operating with Tc = 300 K and Tx = 500 K does —w = 2.5 x 1013 ]
work per day. Calculate the minimum amount of heat gu required per day to run the turbine.

One mole of heltum at 1.00 bar and 300 K is compressed reversibly and adiabatically to a final
pressure of 32.0 bar. (Assume helium is an ideal gas with Cym =3R/2 and Cpm = 5R/2.)

a) Show that the final temperature of the compressed helium is 1200 K. Hint: T¢/T; = (pdpi)¥ ™

b) Calculate w, g, AU, AH and AS.

One mole of helium (assumed to be an ideal gas with Cyin = 3R/2 and Cpm = 5R/2) initially at
1.00 bar and 300 K undergoes a two-step process:

Step 1. heating from 300 K to 1200 K at 1.00 bar
Step 2. isothermal compression from 1.00 bar to 32.0 bar at 1200 K
a) Calculate AS; for step 1. b) Calculate AS: for step 2.

¢) Calculate the entropy change AS = AS; + AS; for the overall process.
[ A helpful equation for answering this question is: dS = (C/T)dT — (nR/p)dp ]

Questions 2 and 3 illustrate that the entropy is a state function. Explain, [1]

After tidying up a messy room, one of your classmates claims the decrease in disorder and
the resulting decrease in the entropy of the room violates the Second Law of Thermodynamics
which states that the entropy can never decrease. Why is this argument incorrect?

A question on the last test asked you to use dgrev = CwdT + pdV for an ideal gas to show the
state function grev(7,V) does not exist. Dividing by T gives dgre/T = dS and

dS = (Cw/DdT + (p/DHdV
Use this expression for dS for an ideal gas to show the state function S(7, V) does exist.

a) Calculate AS for the melting of 5.00 moles of ice at 0.00 °C and 1.00 bar.
b) Calculate AS for the sublimation of 5.00 moles of ice at 0.00 °C and 1.00 bar.

¢) Give a qualitative molecular explanation for the fact the entropy change for sublimation is
much larger than that for fusion.

Data at 0.00 °C: H20(s) = H20()) AHysm = 6.00kJ mol™
H20(s) = Hz0(g) AHPybm = 40.63 kJ mol-!
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