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1. (20 pts total)
a. (4pts) Indicate whether each of the following quantities is intensive, extensive, or
neither:

P i/rk/\stva

n exfeasive
PV rrktes extensive

51, (molar heat capacity) n('tns;\)e_

b. (4pts) Which of the following are state variables:

Enthalpy, H S{"t{‘ ¢ \ram'aL ((,

Heat from reversible process, qrev
§ ndt = (QQ‘{'{A Je(’e'\[/&v('

Heat from irreversible process, Qir

Qrev/ T :'S = -S‘k(,& \t(r;‘tL(,L

c. (12pts) Consider a system in which liquid water freezes to ice at constant
pressure. Describe what happens to the entropy of the system and the entropy of the
universe. State the second law of thermodynamics and relate it to this problem in 20
words or less.
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2. (15 pts total) Consider the following reactions:

1)  Hyg) +L(s) > 2HI(g) AH®,,5 = 52.96 kJ/mol
2)  2H,(g) + O,(g) > 2H,0(g) AH®,, = -483.64 kJ/mol
3) 4HI (g) + O4(g) > 1,(s) + 2H,0(g)

a. (5 pts) Calculate AH®,q for reaction 3

N4 2 (52 . A K /)
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b. (5 pts) Label the three reactions as either endothermic or exothermic (as written
above)

\) €V\O\O‘\Hf\‘0( VV\A C
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f>> o xother U Cs

c. (5 pts) Calculate AE®,,; for reaction 3
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3.

(24 pts total) For each of the following processes, state whether each of the quantities

(g, w, AT, AE, AH, AS(system)) 18 positive, negative, zero, or undetermined.

a.

(6pts) An ideal gas is compressed isothermally with an external pressure roughly
equal to the internal pressure.

. (6pts) Reversible adiabatic expansion of an unusual non-ideal gas following:

2/3
[P - a(%) )(V) = nRT (where a is a positive constant)

(6pts) H, and O; react explosively to form H,O vapor in space (You may assume that
Pex ~ 0 and, since there is nowhere for the heat to go, the process adiabatic.

(6pts) Water boils into vapor at constant pressure (latm) and T = 100 °C.
(AHvap = +40.66 kJ/mol)

Answer:

a W AT AE i AH AS{sys(em )
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4. (21 pts total) 1 mole of ideal gas at an initial temperature of 300K and an initial
pressure of 10 atm, adiabatically and reversibly expands to the final pressure latm.
(For 1 mole ideal gas, C, = 1.5R, C,=2.5R.)

a) (5 pts) What is the initial volume V,?

PV—:— nP-T

v = BT V¥ 008306 %399 Ty oyt (L |
B O v +

b) (5 pts) What is the entropy change, AS, of the ideal gas?
a .
68 = S o A [ =0

|

c¢) (6 pts) Compared with isothermal reversible expansion with the same initial state
and final pressure as above, in which process, is the work, w, larger? Can you

give your reason based on PV diagram? (? . 1)
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d) (5 pts) What is the final température for the adiabatic process?

(HINT: recall from Carnot cycle, we found Cy, ln[%) = —ann[%] for the
1 1
adiabatic expansion of step II)
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5. (20 pts total) A spaceship cabin has dimension 2x2x2 meters = 8 m® volume.

a. (5 pts) If the air is at 1atm and 298K, suitable for a human, and it can be treated as an
ideal gas, how many moles of "air molecules” are there (An "air molecule” is a
molecule of any one of the gases that compose the air.)

3 - ¢l = wxlOL
End = ¢ (;oocm)(coocw)(goom) = 5000, 000 cw®= ¥x10
Bv = W - 39\6’6}'5/?”&) - 59\7‘%’

wE =
2
RT 0.080 FCES 4

b. (5 pts) A leak starts in the insulated (adiabatic) cabin allows one mole of air to escape
against the vacuum per hour. Calculate the work and AE of this process over the first
hour of the leak. (For this part of the problem, define all of the air as the system,
including that portion that has escaped the spaceship and HINT: q = 0)

f=

uJ :-O , cxja.}u~15‘f NOCuuMm

AE: w-‘-cL:. O

c. (5 pts) What is the final temperature and pressure in the cabin?

ideal gos . AE=O = ANT =O T, = 21EK

-,

P= nRT . (Gage) (0,093 EENEITK) 326 tatwr = 0, 197t
v ¥,000 | = ot

d. (5 pts) If we instead consider only the air in the cabin as the system, what is AE for
the first hour of the leak?
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