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Entropy and Gibb's Free Energy

1. Choose the sample of matter that has greater entropy in each pair.

a. 1mol Nacl (s) ormol of HOR) at 25°C.
b, or 1 mol of HCI(g) at 25°C.
Cm‘”f or 1 mol of Ar(g) 25°C.

d. 1 mol of Na(s) at 24 K or {mol'of Nplig) at 298K.

2. Predict whether the entropy change (AS) of the system in each of the
following reactions is positive or negative.
a. CaCO3(s) > CaO(s) + COz(g) T+
b. Na(g) + 3Ha(g) > 2NHs(g) —
c. HCI(g) + NHs(g) > NHqCI(s) =
: 2502(9) + Oz(g) = 2503(9) o

(¥

3. Calculate AS®x, for the synthesis of ammonia from Na(g) and Hz(g) at

298K using standard entropies.
N2eg? + BHa(p —> 2'\#{3(3)
153, 2U/mol-k 130 lp 192

* 192,34
S=(2- 14 y) [(3.,30(_,_1 '),,,H)S/LJ m
4. Using standard en'rropnes calculate the sTandard entropy change, AS°

for the following reaction at 298K.
Al203(s) + 3Ha(g) > 2Al(s) + 3H.0(g)

AS =[(2. 223;)%3 - 183 7J) [(: 50ﬁ2d\ +(3 Bou} +1804)
©

Mol
mole
5. Calculate the standard free energy change, AG°, for the combustion of
methane, CHs, at 298K.

Chycy + 202(3) — Cozc:j) + 2H2009

- 50,75 O N
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AG’ = [¢2--23. tka )+[’3‘7’/ QKJE [(—50.7521) +(0)]
mp |

L AG°= -30.9 v)]




6. For the combustion of propane, CsHg, AH®= -2220 kJ. Using S° values
from the appendix of your book calculate AS for this reaction. Using
AH® 3y and AS® 4 determine AG® for this reaction.

AG. = AH - TAS

AH? = -2220Kl
C3H?(3) 1= 502(5) %3602(5) - LH“leO(S)

A S = - : = g T . 3 . .
[co 21303 Yo (i1 3)-(01-2022 100525 09,)

ol K

AS = 104 1K o g 100dRY a4
mol & 4 1070 M

¥ %, . 0004 K] ) - |-
AG = (-2220K)) — (29815 K O‘OO/K—-)

Using AG°s from the appendix of your book, calculate the standard free
energy change for the reaction at 298K. How does your prediction from
above compare to this value?
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7. Phosgene, COClz, was used as a war gas during World War I. Tt reacts
with the moisture in the lungs to produce HCI, which causes the lungs to
fill with fluid, leading to death of the victim. COCl, has a standard
entropy, S°=284 J/mol K and H°=-223 kJ/mol. Calculate 6° for COClay(g)
in kJ/mol at body temperature, 37.0°C.

A& o AH "'TAS

A6 = (223 KJ)‘[3IOoI§K'jﬁf£5
10TDJfk)

8. Aluminum oxidizes rather easily, but forms a thin protective coating of
Al203 that prevents further oxidation of the aluminum beneath. Use the
data for H¢° and S° to calculate 6° for Al,Os(s) in kJ/mol.

YAl + 30245) - Zﬁlzoacs)
M= (2- ~1670 K0) = (14-6) +(2.69) = - 3352 K]

K¢ = z~so.qza>, (4-223% \+(3.265.60/) -
e - =0.42
1000 [ Tlewny), ) ) Tlorny/ 4 6'&

(£
A6 = (-3352 k9~ (295,15 + (-0u24k) <.

9. For the reaction Fe 03 )+ 3 CO @ — 2 Few+3CO; (s)

AG® = -31.3 kJ. Calculate the standard free energy of formation of the
ferric oxide, Fe,03, if AG°% of CO = -137 kJ/mol and AG® of

CO. = -394 kI/mol.
-740. KJ }

———




10. Predict the sign of AG® . for each of the following:
a. Melt ice

— (at hghdomp.)

b. Combustion of sucrose, Ci2H22011(s)

— (all emp-)

c. Crystallization of a supersaturated solution of sodium acetate

C W brw Eorp )

d. The decomposition of water

(g +emp )

e. The formation of water from its elements.

i Cﬁow-*b’»«p)

11. What does AG tell us about a chemical reaction?
Tt dicaty 1 a ren IS
Spc*n‘i'cwn.ww

12. Write two mathematical expressions that show how to calculate the
standard Gibbs Free Energy change for the decomposition of sulfur
trioxide from tabulated values:

2503(g) > 2502(g) + Oz(9)

Aé = AH - TAS or Aéo 2 vp Aé_p(’,,,ws Z\fr AB;

For this reaction AH® .y = 197.78 kJ/mol and AS® ., = 188.06 J/mol K.
Calculate AG® xnat 298K.

Gy, = 14174 KJ



