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Chemistry 342
October 23, 1998

Second Exam A‘w S wilve

1J=1kgm’*s ™ kg =1.38066x10>JK" R = NayogadroKs

R  =831441 Jmol ' K' =1.98718 cal mol™' K™' =0.082057 L atm mol ™' K!
C, - Cy = { p + (2UIdV); }(8V /2T),

(1/TH-V + (6H/2p)7} = - (8V/8T), (UTY p + (UBV)A = (Bp/T)y
wyr = (0T/0p)y (eH/Op)r = - C, wyr

monatomic gas molar heat capacity: C,=(3/2)R

1. Consider the following cycle using 1 mole of an@@ initially at 25°C and !
atm pressure.

Step (1) Isothermal expansion against zero pressure to double the volume (Joule
expansion).
Step (2) Isothermal, reversible compression from 1/2 atm to | atm.

(a) Calculate the value of § og/T.
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(b) Calculate AS for Step (2)

Aszﬁf%:%wmﬁwﬁ‘@):/&@nl@ _
K = —5.763] K

(c) Calculate AS for Step (1)
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2. Given the following data for benzene, C Hy:

At the normal boiling point, 80 1°C AyopH 1s 7.353 kcal mol™
C, for the liquid is 31 cal mol” 'k

c for the vapor is -0.409 + 77.621x107 T-264.29x1077 T2 cal mol™' K

o

Assume that benzene vapor behave ideally. Calculate AS for the process:
6H6 (llq, 82. 1OC 1 atm) —> C6H6 (g, 82 IOC 0.5 atm)
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3. (a) Derive (0S/0p)y for an ideal gas by making use of the First and Second Law
and the fact that dG is an exact differential.
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(b) One mole of liquid water (density = | g/mL) is allowed to expand into an
evacuated flask of volume such that the final pressure is 0.3 atm. The bulb
containing the liquid and the flask are thermostated so that a constant temperature of
100 °C is maintained. It is found that 11,000 cal of heat are absorbed when this
process occurs. Calculate the values for AU, AH, AS, and AG . Assume vapor is
ideal.
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An example of multiple approaches to a given problem:

Exam Problem 3(b) One mole of liquid water (density = 1 g/mL) is allowed to
expand into an evacuated flask of volume such that the final pressure is 0.3 atm.
The bulb containing the liquid and the flask are thermostated so that a constant
temperature of 100 °C is maintained. It is found that 11,000 cal of heat are
absorbed when this process occurs. Calculate the values for AU, AH, AS , and

AG . Assume vapor is ideal.

dT = 0 for this system

iy
cal mol

from definition of the function

from relations derived from
First and Second Law

=-29.49

AU |11,000  qrrev+Wigrey =11,000 + 0 TAS - [pdV=
QrevtWiey = 12,633 + - 1633 | 12,633 - 1633 = 11,000
= 11,000
A(pV) 1740 PeVi- piVi=
RT - latmx0.018 L. mol™ =
741.2 - 0.436 ~ 740
AH 11,740 | AU + A(pV) = TAS + [vdp =
11,000 + 740 = 11,740 12,633 - 843 = 11,740
TAS (12,633 Qrev=
12,633
AG |-893 AH - TAS= - [8dT+ [vdp =
11,740 - (12,633) = -893 0 +(-893)=-893
[Vdp |-893
[pdV 1633  -Wheey
AA AU - TAS = - fpdV- |SdT =
11,000 - (12,633) = -1633 -1633+0  =-1633
ASsys 13387 |Qrev /T =12,633/373 = 33.87
cal mol™ | = A,,H/T - [ Rdp/p
K™ = 11740/373 - RIn( 0.3/1)
=31,47+2.39 = 33.86
ASsur 2949 |(Qrev)sun /T =-11,000/373

7A



cal mol™" | from considering a function of two variables
AU 11,000 |A,.,U = 11,000 for phase change +
from dU = (oWeoT)ydT + (oU/I3V);dV
= 0 +0
total = 11,000
A(pV) 740
AH 111,740 |A,,,H = 11,740 for phase change +
from dH = (0H/&T),dT + (6H/op)r dp
= () + ()
TAS 12,633
AG |-893 AvapG = 0 for phase change +
from dG = (0G/0T),dT + (0G/dp)rdp
= - 8dT+ Vdp
= 0+ (-893) = -893
[vdp |-893
[pdV [1633 -Wkey {Note thatAA gives the maximum
work done by the system}
AA dA = (0A/oT),dT + (0A/OV); dV
= - [8dT- [pdV
= 0- 1633=-1633
ASqys |33.87 AvapHI T=11740/373 + for the next rev step:
cal mol™ |dS = (88/87),dT + (8S/p); dp
K™ = 0 - (@VIoT),dp
= 0 - RIn(0.3/1)
= +2.39
total = 31.47+2.39 = 33.86
AS., |-29.49




4, The heat capacity of sulfur dioxide at a constant pressure of 1 atm at different
temperatures is shown below. At 15 K the heat capacity at constant pressure of
SO,y(s) is 0.90 cal mol™ K. Solid SO, melts at 197.64 K, Ag,H is 1769 cal mol™" .
At this pressure, liquid SO, vaporizes at 263.08 K and the A, H is 5960 cal mol™" .
The heat capacity of SO, gas between 300 K and 1500 K is {6.15 + 13.8x107 T -
91.0x1077 T +2.06x107° T° } cal mol 'K™' . Calculate the molar entropy value for
SO, gas at 298.1 K.

Areas underneath
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at ditferent temperatures.
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4, continue here
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5. Two moles of a gas whose equation of state is pV/ = RT + ap
where a = 0.020 L mol™" at 300 K, 0.025 L mol™ at 400 X, 0.030 L mol™ at 500 K,
undergoes isothermal compression at 300 K from 1 atm to 11 atm. Calculate AU,

AG, AS, AA, and AH for the gas. First, derive the expressions that are appropriate for

this non-ideal equation of state.

In this space, derive the expressions that are appropriate for this non-ideal equation
of state, that you will need in the calculations of the changes in thermodynamic
quantities.
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continue here derivations, as needed
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