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Given: g=9.81m/s
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1 atm = 1.0133 x 10° Nm? = 760 Torr
P = Poexp{-Mgh/RT}
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Please answer dl questions.

1. A.Asuumingthat Ar gasisided cdculateits dengty a 10 atm and 200 K (5 points):

r(gL) =

B. Cdculate the molar interna energy of argon gas at 200 K (3 points).

C. Calculate the molar heat capacity at constant pressure of argon gas at 200 K (2 points).



2. Cdculate the pressure 15000 m below the surface of the ocean at 10 °C assuming that water has a density
of 1.0x 10° gL™ (5 points).

P(bars) =

3. Oxygen, nitrogen, carbon dioxide and argon gases are placed in an insulated vessel with volume V with a
gastight sed dividing the vessd into four equa volumes. Theinitid pressures of al four gasesis1 am. The sed
isremoved reversbly and the four gases are dlowed to come to equilibrium (15 points).

a Cdculate the entropy of mixing.

b. Cdculate the entropy change associated with the volume change as argon is expanded from the initid to the
find volume (system only).

c. Cdculate the entropy change associated with the volume change as oxygen is expanded from the initid to the
find volume (system only).

d. Cdculae the entropy change associated with the volume change as nitrogen is expanded from the initia to the
find volume (system only).

e. Cdculate the entropy change associated with the volume change as carbon dioxide is expanded from the
initid to the find volume (system only).

f. What can you say about the two methods for caculating the entropy (mixing vs. expansion)?



4. Anided gasisinitidly a 1.0 am and 400 K. Itsvolumeisinitidly 10 L and the gasis compressed to 0.2 L
under the following conditions (15 points):

(2.) Pextema = congtant (single-step)
(3.) Poderna = Pgss (reversible compression)

For each of the above conditions calculate DU, g, and w, for the gas.
a w(J) DU

(1)
(2)
(3)




5. A. Cdculate the thermodynamic efficiency of asteam turbine operating at 600 K with an exhaust
temperature of 300 K (3 points).

B. How much work would be derived for every kJ of heat expelled into the environment by this engine (2
points)?

6. The standard enthdpy of thereaction N> (g) + 3H, (Q) ® 2 NHj3 (g) is—92.2 kJmal of anmoniaand the
third law entropies of H,, N, and NH; at 298 K are given in the table below. Assuming that the entropy
and enthal py are independent of temperature caculate the Gibb's free energy at 240 K. The enthapy of
vaporization of ammoniais Dy,H® = 23.3 kJ/mol and Ty, = 239.7 K. (20 points).

Substance | C, (Jmoal-K) | S° (¥mol-K)
NH;(aq) | 75.3 111.3
NH; (g) 35.4 192.4
H. (9) 27.3 130.6
N2 (9 29.1 191.6

7. A. What isthetotad pressure above a solution of ethanol (X«nano = 0.6) and methanol as it beginsto boil ?
(Pethana™ = 58 torr and Prethana® = 159 torr) (5 points)

Pota =




B. Cdculatethe mole fraction of ethanol in the vapor phase under the conditions above. (5 points)

Yethanol =

8. How do trees transport water?
A. If they doit by hydrogtatic pressure determine the tallest tree that can grow a 1 atm of pressure by
caculated the height of a column of water that can be supported a 1 atm (5 points).

B. Determine the height of water supported by the osmotic pressure at 298 K in atree where the
electrolyte concentration is 0.4 M (5 paints).

8. Using the data given below calculate the boiling point of weater on the top of Mt. Kilimanjaro where the
atmospheric pressureis P = 0.5 bar. (15 points)

Ths = 27315 K DieH = 6.0 k¥mol
Tvep = 373.15K DyapH = 40.65 k¥mol
Fie= 0917 gm/cm® T wae = 1.000 gm/cnt®
Triple point T=27316 K P =0.006 bar
Criticd point T.=647.3K P.=218 bar



