
Chemistry 2720 Fall 2005 Test 1 Solutions

1. The overall process is a cycle, A → A. The change in any state function over a cycle
must be zero. In particular, ∆E = 0 for a cycle. Since ∆E = q + w, we have

q1 + w1 + q2 + w2 + q3 + w3 = 0.

∴ q1 = −(w1 + q2 + w2 + q3 + w3)

= −(1.5 + 8.8 − 2.2 − 4.2 + 3.5 J)

= −7.4 J.

2. (a) Since the pressure is constant in each step, this is simply a matter of calculating
w = −P∆V for each step and then adding the results. We don’t know the initial
and final volumes, so we’ll have to compute these using the ideal gas law.

V1 =
nRT

P1
=

(0.53 mol)(8.314 472 J K−1mol−1)(300 K)

(1.8 bar)(100 000 Pa/bar)
= 7.3 × 10−3 m3.

V2 =
nRT

P2
=

(0.53 mol)(8.314 472 J K−1mol−1)(300 K)

(1.4 bar)(100 000 Pa/bar)
= 9.4 × 10−3 m3.

V3 =
nRT

P3

=
(0.53 mol)(8.314 472 J K−1mol−1)(300 K)

(1.0 bar)(100 000 Pa/bar)
= 1.3 × 10−2 m3.

V4 =
nRT

P4

=
(0.53 mol)(8.314 472 J K−1mol−1)(300 K)

(0.7 bar)(100 000 Pa/bar)
= 1.9 × 10−2 m3.

w1 = −P2(V2 − V1) = −(1.4 bar)(100 000 Pa/bar)(9.4 − 7.3) × 10−3 m3

= −294 J.

w2 = −P3(V3 − V2) = −(1.0 bar)(100 000 Pa/bar)(1.3 × 10−2 − 9.4 × 10−3 m3)

= −378 J.

w3 = −P4(V4 − V3) = −(0.7 bar)(100 000 Pa/bar)(1.9 − 1.3) × 10−2 m3

= −397 J.

∴ w = w1 + w2 + w3 = −294 − 378 − 397 J = −1068 J.

(b)
∫

P dV = −w is the area under a graph of P vs V for our process. The following
sketch shows the absolute value of the work in our three-step process as an area
shaded in grey:
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On the other hand, the work in a single-step expansion from the same initial to
the same final volume would just be the area bounded by the red rectangle. The
latter is clearly less than the work done in the three-step process.

3.

−qout =

{

cool from
20 to 0◦C

}

+ {freeze} +

{

cool from
0 to −60◦C

}

= (200 g)
[

(4.184 J K−1g−1)(0 − 20 K) + (−333.4 J/g)

+ (2.113 J K−1g−1)(−60 − 0 K)
]

= −109 kJ.

η∗ =
Tl

Th − Tl

=
213.15 K

20 − (−60) K
= 2.66.

w =
qout

η∗

=
109 kJ

2.66
= 41 kJ.

4. Let’s start by calculating the enthalpy of vaporization at 298.15K:

CCl4(l)(298.15 K) −−−→ CCl4(g)(298.15 K)
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CCl4(l)(349.7 K)
2

−−−→ CCl4(g)(349.7 K)

We know that ∆H̄2 = 30.0 kJ/mol.

∆H̄1 = C̄P (l)∆T1 = (131.8 J K−1mol−1)(349.7 − 298.15 K) = 6.79 kJ/mol.

∆H̄3 = C̄P (g)∆T3 = (83.3 J K−1mol−1)(298.15 − 349.7 K) = −4.29 kJ/mol.

∴ ∆H̄◦

vap = ∆H̄1 + ∆H̄2 + ∆H̄3 = 6.79 + 30.0 − 4.29 kJ/mol = 32.5 kJ/mol.

2



Since ∆H̄◦

vap = ∆H̄◦

f(g) − ∆H̄◦

f(l),

∆H̄◦

f(g) = ∆H̄◦

vap + ∆H̄◦

f(l) = 32.5 + (−129.6) kJ/mol = −97.1 kJ/mol.

5. Imagine assigning each student a seat randomly. For the first student, there are 64
possible seats. For the second student, there are 63 remaining possibilities. . . For the
43rd student, there are 22 seats to choose from. The total number of possibilities is
therefore

Ω =
64!

(64 − 43)!
= 2.48 × 1069.

The entropy is therefore

S = kB ln(2.48 × 1069) = 160kB.

6. (a) Because P and V are inversely proportional at constant temperature, changing
the pressure is just another way of saying that we are doing an expansion. We
have a formula for the entropy change during an isothermal expansion of an ideal
gas:

∆S̄ = R ln
V2

V1

= R ln
P1

P2

.

If we take P1 to be 1 atm and P2 to be 1 bar, we get

S̄◦ = S̄◦

old + R ln
101 325 Pa

100 000 Pa
= S̄◦

old + 0.109 443 J K−1mol−1.

(b)

S̄◦ = 281.5 + 0.109 443 J K−1mol−1 = 281.6 J K−1mol−1.
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