
Recitation 7
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∆𝑆 = 𝑛𝑅 ln
𝑉𝑓

𝑉𝑖
+ 𝑛𝐶𝑉 ln

𝑇𝑓

𝑇𝑖
= 𝑛𝑅 ln

𝑉𝑓

𝑉𝑖
+ 0

𝑛 =
∆𝑆

𝑅 ln
𝑉𝑓
𝑉𝑖

=
22.0 J/K

8.31
J

mol ∙ K
ln
3.40 L
1.30 L

= 2.75 mol.
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∆𝑆𝑠𝑦𝑠 = ∆𝑆𝑖𝑐𝑒 + ∆𝑆𝑙𝑎𝑘𝑒

∆𝑆𝑖𝑐𝑒 = ∆𝑆1 + ∆𝑆2 + ∆𝑆3

∆𝑆1 =  
𝑖

𝑓 𝑑𝑄

𝑇
= 𝑚𝑖𝑐𝑒𝑐𝑖𝑐𝑒 

𝑇1

𝑇𝑚 𝑑𝑇

𝑇
= 𝑚𝑖𝑐𝑒𝑐𝑖𝑐𝑒 ln

𝑇𝑚
𝑇1

= 10.0 g 2.220
J

g ∙ K
ln
273 K

263 K
= 0.8285

J

K
.
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∆𝑆2 =  
𝑖

𝑓 𝑑𝑄

𝑇
=

𝑄

𝑇𝑚
=
𝑚𝑖𝑐𝑒𝐿𝐹
𝑇𝑚

=
10.0 g 333 J/g

273 K
= 12.20 J/K.

∆𝑆3 =  
𝑖

𝑓 𝑑𝑄

𝑇
= 𝑚𝑖𝑐𝑒𝑐𝑤 

𝑇𝑚

𝑇2 𝑑𝑇

𝑇
= 𝑚𝑖𝑐𝑒𝑐𝑤 ln

𝑇2
𝑇𝑚

= 10.0 g 4.187
J

g ∙ K
ln
288 K

273 K
= 2.240

J

K
.

∆𝑆𝑖𝑐𝑒 = 0.8285
J

K
+ 12.20

J

K
+ 2.240

J

K
= 15.27

J

K
.
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∆𝑆𝑙𝑎𝑘𝑒 =  
𝑖

𝑓 𝑑𝑄

𝑇
=
𝑄

𝑇2
= −

𝑄1 + 𝑄2 + 𝑄3
𝑇2

𝑄1 = 𝑚𝑖𝑐𝑒𝑐𝑖𝑐𝑒∆𝑇 = 10.0 g 2.220
J

g ∙ K
0°C − −10°C = 222.0 J.

𝑄2 = 𝑚𝑖𝑐𝑒𝐿𝐹 = 10.0 g 333 J/g = 3330 J.

𝑄3 = 𝑚𝑖𝑐𝑒𝑐𝑤∆𝑇 = 10.0 g 4.187
J

g ∙ K
15°C − 0°C = 628.0 J.

∆𝑆𝑙𝑎𝑘𝑒 = −
222.0 J + 3330 J + 628.0 J

288 K
= −14.51

J

K
.

∆𝑆𝑠𝑦𝑠 = ∆𝑆𝑖𝑐𝑒 + ∆𝑆𝑙𝑎𝑘𝑒 = 15.27
J

K
− 14.51

J

K
= 0.76

J

K
.



a)

𝜀𝐶 = 1 −
𝑇𝐿
𝑇𝐻

= 1 −
333 K

373 K
= 0.1072

 𝑄𝐻 =
 𝑊

𝜀𝐶
=
500W

0.1072
= 4.66 kW.

b)
 𝑄𝐿 =  𝑄𝐻 −  𝑊 = 4.66 kW − 500W = 4.16 kW.
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𝐾 =
𝑇𝐿

𝑇𝐻 − 𝑇𝐿
=

270 K

300 K − 270 K
= 9.00.

 𝑄𝐿 = 𝐾  𝑊 = 9.00 200 W = 1.80 kW.

𝑄𝐿 =  𝑄𝐿𝑡 = 1.80 × 103 W 600 s = 1.08 × 106 J = 1.08 MJ.


