Thermodynamics

1. Consider the following reaction at equilibrium. For each of the following, determine if the equilibrium will
shift toward products or reactants or if there will be no change.
Zn(s) + CO; (g) = ZnO (s) + CO (g) AHY,,, = —100 k] mol™1 Kp = 600

a. The temperature is increased in a flask that was at equilibrium.
b. ZnO (s) is added to the reaction chamber.

c. Carbon monoxide is added to the chamber.

2. For each change listed in Problem 2, determine if AGyn > 0, AGrn < 0, or AGyn = 0.

For problems 3-8, refer to this reaction:

H.0O-» (l) =2 H.0 (|) + O» (g)

3. Use the table of bond enthalpies below, (Table 14.5 in your textbook) predict if the following reaction is
enthalpically favorable. Note that the reaction is not necessarily balanced.

4. s the equilibrium constant is larger at 100 K or 250 K? Clearly justify your answer.
5. Without doing any math, determine if ASyn > 0 or ASix < O.
6. Using Appendix D in your book, calculate AHZ,.,,, ASPn, AGr -

7. The density of H,O2 is 1.443 g/mL. If 50 mL of H>O; is allowed to decompose, determine AH. Assume
100% vyield

8. Calculate K at 25 °C.

9. For the reaction below, calculate AGn, when the indicated concentrations are mixed together at 75 °C.
Report you answer in kJ mol™.

PCls (g) + Cl, (g) = PCls (g) [CL]=0.5M [PCls]=0.1M [PCls] = 0.1 M

K=1.1x10°at 75°C

10. Consider the evaporation of CH2Cls.
a. Without doing any math, predict the sign of AH. Does this contribute to or oppose spontaneity?
b. Without doing any math, predict the sign of AS. Does this contribute to or oppose spontaneity?
c. Using the information in Table 23.1, determine the boiling temperature. Note that this is when the
products and reactants are in equilibrium (Q = K and AG = 0).

Thermodynamics Equations



AG = AH —TAS AG® = —RTInK

m="2(2-— R=8314
Ky R\T; T, mol K
TABLE 14.5 Average molar bond enthalpies
Bong  Molirbordentialpr pong  Molarbondendhalpy:
O-H 464 C=l1 890
0-0 142 N-H 390
Cc-0O 351 N-N 159
0= 502 N=N 418
C=0 730 N=N 945
C-C 347 F-F 155
C=C 615 Cl-Cl 243
B=( 811 Br—Br 192
C-H 414 H-H 435
C-F 439 H-F 565
C-Cl 2wl H-C1 431
C-Br 276 H-Br 368
C-N 293 H-S 364
C=N 615
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AG = AG° + RTInQ



TABLE 23.1 Standard molar entropies (5°), enthalpies of formation (AH?), and Gibbs energies of formation (AGY) of
various substances at 25°C and one bar (see also Appendix D)"

Substance i AHy  AGY T s/ AHY  AGY/
J-K'-mol™ k]-mol?  KJ-mol™! J-K'mol' kJ-mol' KkJ-mol™
Ag(s) 42.6 0 0 H,0, (1) 109.6 _187.8  -1204
AgCl(s) D% -127.0 -109.8 H,S(g) 205.8 -20.6 -334
C(s, diamond) 24 1118 2.9 N(g) 1555 472.7 455.5
C(s, graphite) 55 0 0 Ny(g) 191.6 0 0
CH,(g) 186.3 746 _50.5 NH,(g) 192.8 _459 _16.4
C,H,(g) 200.9 997.4 209.9 N,H, (1) 121.2 50.6 149.3
C,H, (g) 219.3 52.4 68.4 NO(g) 9210.8 91.3 87.6
C,H, (1) 1734 491 124.5 NO,(g) 940.1 33.2 51.3
CH,O0H (1) 126.8 —939.2  -166.6 N.O(g) 920.0 81.6 108.7
CH,Cl(g) 934.6 _81.9 _58.4 N,O,(g) 304.4 1.1 99.8
CH,CL(?) 1555 -102 -51.5 N,O;(s) 178.2 -43.1 113.9
CH,CL,(g) 970.2 ~95.4 —68.8 Na(g) 153.7 107.5 77.0
CH,CL(!) 177.8 ~124.2 ~70.0 Na(s) 51.3 0 0
CHC,(g) 995.7 -102.7 6.0 O(g) 161.1 249.2 931.7
CHCI (1) 201.7 -134.1 =73.7 O,(g2) 205.2 0 0
CO(g) 197.7 ~110.5  -187.2 P(s, white) 411 0 0
CO,(g) 913.8 -3935  —3944 P(s, red) 29.8 176 -12.1
Cl(g) 165.2 121.3 105.3 PCL(g) 311.8 _987.0  -267.8
Cly(g) 9931 0 0 PCL, (g) 364.6 —3749  —-305.0
H(g) 114.7 218.0 203.3 $(s, rhombic) 98.5 0 0
H,(g) 130.7 0 0 S (s, monoclinic) 32.6 0.3 0.1
H,0(g) 188.8 _241.8  -298.6 80, (g) 948.9 ~296.8  -300.1
H,O (1) 70.0 -285.8 -237.1 SO,(g) 256.8 -395.7 -371.1

"‘Most data from CRC Handbook of Chemistry and Physics, 87th Online Edition, 2006-2007.
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