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Solution to question 1

1. C3Hs(g) + 502(g) = 3CO2(g) + 4H20(9),

AS°® = {(3xS°CO3) + (4xS°H20)} — {(S°C3Hs) + (5xS°0>)}
={(3x214) + (4x189)} J/mol-K — {270+(5x205)} J/mol-K
= (642+756) J/mol-K — (270+1025) J/mol-K
=103 J/mol-K

2. CO(g) + 2H2(g) = CH30H(9),
AS°® = (S°CH30H) —{(S°CO) + (2xS°H>)}
=240 J/mol-K — {198 J/mol-K + (2x131 J/mol-K)
= 240 J/mol-K — 460 J/mol-K = -220 J/mol-K
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Solution to Question 2

AGe° C,H, = -23.56 kJ/mol
AG° CO, = -394.4 kJ/mol
AG° H,0 = -237.2 kJ/mol
AGe 0, = 0 kd/mol

AGO = 3%(-394.4) + 4*(-237.2) — 5*0 — (-23.56)
=-2108,4 kJ/mol

The reaction is spontaneous at 298 K.

InK=-(-2108,4*103 J/mol)/(298 K*8.314 J/K.mol)
=851

K = €81 (reaction goes to completion)
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Solution to Question 3

AH® = 206 kJ/mol
AS°® =216 J/mol-K = 0.216 kJ/mol-K

At 298°C, TAS? = 298 K x (0.216 kd/mol-K) = 64.4 kJ/mol
AG® = AH° - TAS® = 206 kJd/mol — 64.4 kd/mol = 142 kJ/mol;
=>» reaction is nonspontaneous at 298K.

At 1200 K, TAS® =1200 K x (0.216 kJ/mol-K) = 259 kJ/mol;
AG® = AH® - TAS® = 206 kJ/mol — 259 kJ/mol = -53 kJ/mol;
=» reaction is spontaneous at 1200 K.

AG® = AH° - T,AS® = 0,
Tr = 206 kJ/mol/(0.216 kJ/mol-K) = 954 K = 681°C

Under standard pressure (1 atm), this reaction is not spontaneous below
681°C, but becomes spontaneous above this temperature.
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The ratio will decrease.

AS is negative (unfavorable) yet the reaction is spontaneous (AG°® is
negative). Thus, AH must be negative (exothermic, favorable). Thus, as
the temperature is increased, the reaction proceeds to the left,
decreasing the ratio of partial pressure of PCI; to the partial pressure of
PCl;.
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We have Fe,0O5(s) — 2Fe(s) + 3/20,(g); AG° = 740 kJ
and 2Al(s) + 3/20,(g) — Al,O4(s); AG° = -1582 kJ

For Fe,O4(s) + 2Al(s) — 2Fe(s) + Al,O4(s)
AG° = 740+(-1582) = -842 KJ.
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1. E, is the factor the question asks to be solved. Therefore it is much simpler to use
Ink=-E_/RT+InA
at 600 K In3.4 = -E_/8.314*600 + InA (1)
At 750 K In31.0 = -E_/8.314*750 + InA  (2)
(2)-(1) 2.21=E,*0.0000409 = 55127,1 J/mol = 55,127 kJ/mol

2. Use the equation In(k,/k,)=-E_/R(1/T;-1/T,)
In(15/7)=-[(600 X 1000)/8.314](1/T, - 1/389)
T, =390.6 K
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2. Under standard condition,
P2 = Py = Pyas = 1 atm, K, = 1;
InKp = 0, and AG = AG® = -33 kJ/mol

3. Kp=5%(5x15%=15x103
InKp, =In(1.5 x 103) = -6.5
AG = AG® + RTInK;
=12 kJ/mol + (0.008314 kJ/mol.K x 523 K x (-6.5))
= 12 kJ/mol — 28 kJ/mol = -16 kJ/mol
=» spontaneous reaction
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Stavanger 1. Adding products creates a net change in the reverse direction, toward reactants.
The opposite occurs when adding more reactants.

2. When the volume of a mixture is reduced, a net change occurs in the direction that
produces fewer moles of gas towards products. When volume is increased the
change occurs in the direction that produces more moles of gas towards reactants.

3. Adding an inert gas into a gas-phase equilibrium at constant volume does not
result in a shift. This is because the addition of a non-reactive gas does not
change the partial pressures of the other gases in the container. While the total
pressure of the system increases, the total pressure does not have any effect on
the equilibrium constant.
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