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1. The following equation represents the essential change that takes place during the fermentation of
glucose to ethanol:

o CGHIZOG(S) - 2C2H50H(|) + 2C02(g)
Is AS® positive or negative? Explain. |
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2. Calculate the change of entropy, AS°, at 25.0°C for the reaction in which urea is formed from NH; and
CO..

2NH3(g) + COz(g) - NHzCONHz(aq) + H20(|)
The standard entropy of urea is 174 J/molK. See the text appendices for additional values.

as’ 2 [?/7'/4-7")— (2x7193%+214%)] Yk = (-2S6 T/K)

3. Using values of AH% and S°, calculate the standard free energy change, AG®, for the following
reaction at 25.0°C.
Na) + 3Hz) — 2NHs(q)

Ay = [2x(-95.8) —0 ] kg = “19.€ kT

»S° o [2x1)92.7-/19/).6 + 2 x 120613/~ - 175 6 o—//c Cj
Gy’ -TAS® = - 9.8kT ~ (290K )(-0-/950 ) = ~32.8 £T
4. Using standard free energies of formation, calculate AG® for the combustion of 1 mol of ethanol,

C;HsOH, at 25.0°C.
CszOHa) + 302(9) - 2C02(g) + 3H20(g)

g’ = [2(-397 ‘/}43(‘2266)-— (,/7‘/,?)] kT

= (/%97 ¢7)

5. Calculate AH® and AG® for the reaction

KC|03(S) - 2KC|(5) + 302(9)
Interpret the signs obtained for AH® and AG®. Values of AH% (in kJ/mol) are as following: KClOs) = -
397.7; KCls) = -436.7. Similarly, values of AG’ (in kJ/mol are: KClO5() = -296.3; KCl;) = -408.8. Note
that O, is the reference form of the element, so AH% = AG% = 0 for it.

259 = [2x(~y36,7)~ 2 < (-397.7)] 7 ‘
&6 = (25 (yox. §) - 2x (29630 kT :
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6. Write expressions for the “the‘rmodynamic” equilibrium constants for each of the following reactions:

a. 2NHs(g) + COyg) > NH,CONHzq) + H20
0+ g & NHLONRzag + 00— [ wH,conks ]

b. AgCI(s) L Ag*(aq) + CI'(aq) Fz
N
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7. Find the value of the equilibrium constant K at 25°C (298K) for the reaction
2NH;() + COyqg) > NH,CONHy(ag) + H.0q

The standard free energy change, AG®, at 25.0°C equals -13.6kJ

260z RTIE k= 26
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8. Calculate the equilibrium constant K, at 25.0°C for the reaction:
AgCli) & Ag*(ag) + Cl'aq)
using standard free energies of formation. A\G-° = [-(-,7,[ —(3/, 3> _ Z_ )09, 8)] k]'
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9. a. What is AG® at 1,000.°C for the following reaction? (
CaCO3(s) « CaO(s) + COz(g)
Is this reaction spontaneous at 1,000.°C and 1.00atm?

Oz [(-635.) -353.5) —(—206.9) T k7 = /70347
a3°=0(3¢2 +213.7)- (9291 Tk = )55.0 &
&6° A H-TAS 2 17¢.3k7= (1273 X 0. /550 /‘3'//4)-"
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b. What is the valueg of K, at 1,000.°C for this reaction? What is the partial pressure of CO,?
- - "/

Jn K = 6 = -2ysxp -227& /Z;/(/, :ezzZVQ_g
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10. To what temperature must magnesium carbonate be heated to decompose it to MgO and CO, at
1.00atm? Values of AH% (in kJ/mol) are: MgOs) = -601.2; MgCOs() = -1111.7. Values of S° (in J/K) are:

MgO() = 26.9; MgCOs) = 65.9
Mg 003(‘)‘_% M7()/J)+ Cﬂ%(j)

pH® 2[E393.6 3 (-601.2d) = (1111.7) = 117 by = 117,000T
&8¢ :[(7/?.7 + 26.9) —-(55’. 9) = 174, 7=

. — (17473
AGCZO = SH-TAS’ o= 17007
(-=¢c971 = 670K )




