The Richard Stockton College of New Jersey

Chemistry Program, School of Natural Sciences and Mathematics
PO Box 195, Pomoma, NJ

CHEM 3410: Physical Chemistry I — Fall 2009

Homework 5— Model Solutions

1. At constant temperature, we can write dG as:
dG =VdP

Integrating this by applying the ideal gas law:

AG = ——dP = (2.5 mol)(8.314 J/molK)(350 K)In ——
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2. The reaction of interest is:
CHy4+2 0Oy — COq9+2 H50

The maximum other work possible (in this case, electrical work) is equal to AG,.4p,.

We can do this problem several ways. We can find AH,.,,, and AS,...,, and use AG,.p, = AH oy, +
TAS,;,. However, most data tables also contain AGy for the compounds in this reaction. We
could therefore take AG of the products minus AGy of the reactants.

AGyan = [AG(COy) + 2AG 1 (H20)] — AG(CH,)

AGran = (—394.4 + 2% —237.1) — (—50.5) kJ/mol

’Max Electrical Work = AG,.., = —818.1 kJ/mol‘

3. Assuming everything behaves ideally:
Aémix = RT(Xa In Xa + Xb In Xb)
AS iz = —R(XoIn X, + X, In X))

(a) Forming one mole of air

AGmiz = (8.314 J/molK)(298.15 K)(0.81n0.8 + 0.21n0.2)

]AGW = 1240 J = —1.24 kJ\

ASpiz = —(8.314 J/mol K)(0.81n0.8 + 0.21n 0.2)

| ASir =4.16 J |

(b) Mixing a total of 3 moles of gas

— 2.2 1 1
AG iz = (8.314 J/molK)(298.15 K)(§ In 3 + 3 In g)

| AGiniz = —1578 J/mol x 3 mol = —4.74 kJ |

AS iz = —(8.314 J/molK)(% lng + %ln%)



ASmiz = 5.29 J/molK x 3 mol =15.87 J/K |

4. (a) We are at constant temperature, so:

AG° = AH® — TAS® = 35 kJ/mol — (310 K)(0.088 k.J/molK)

AG® =7.72 kJ/mol > 0 so the process is not spontaneous‘

(b) If AH® and AS° don’t change much with temperature, by increasing the temperature the
—TAS° term will become larger and eventually overcome the positive value of AH®. At that
point, AG will become negative and the process will be spontaneous.

(c) At 39°C :

AG® = AH® — TAS® = —4.0 kJ/mol — (312 K)(—0.012 kJ/molK)

AG° = —0.256 kJ/mol < 0 so the process is spontaneous‘

(d) If again we assume that AH® and AS° don’t change much with temperature, then as we in-
crease the temperature the entropy term is going to get larger and remain positive. Therefore,
at higher temperatures we would not expect the transition to be spontaneous.

(e) When the two phases are in equilibrium, AG = 0. Using this and solving for T"
0=AH°—-TAS®

_AH  —4000 J/mol
- AS 12 J/molK

T



