CH 223 — Worksheet 6

1. The normal boiling point of ethanol (C,H;OH) is 78.3 °C, and its molar enthalpy of vaporization is
38.56 kJ/mol. What is the change in entropy in the system when 68.3 g of C,H;OH (g) at 1 atm
condenses to a liquid at the normal boiling point?

2. The normal freezing point of 1-propanol (C:HsO) is —127 °C. (a) Is the freezing an endothermic or
exothermic process? (b) In what temperature range is the freezing of 1-propanol a spontaneous
process? (c) In what temperature range is it a nonspontaneous process? (d) Is there any temperature
at which liquid and solid 1-propanol are in equilibrium? Explain.

3. Using data from Appendix C, calculate AH®, AS°, and AG® at 25 °C for the following reaction:
BaCO; (s) — BaO (s) + CO, (g)

Show that AG® = AH® - TAS®



4. Use data from Appendix C to calculate the equilibrium constant, K, at 298 K for the following
reaction:

C,H;OH (g) = G,H,(g) + H,0(g)
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AH? AGH s° AH; AGE s°
Substance (kJ/mol)  (kJ/mol) (J/mol-K) Substance (kJ/mol)  (kJ/mol) (J/mol-K)
Aluminum CH4(g) 52.30 68.11 2194
Al(s) 0 0 28.32 CoHe(9) —84.68 3289 2295
AlCl5(s) —705.6 —630.0 109.3 C3Hs(g) —-103.85 -2347 2699
ALOs(s) -1669.8  —15765 51.00 CyHio(®) ~124.73 ~-1571 3100
Barium C4Hyo(D) ~147.6 ~15.0 231.0
SR S B -
BaCOs(s) -12163  —1137.6 112.1 sts(1) ' ' '
BaO(s) _5535  —5251 70.42 CH;OH(g) -2012 —1619 - 2376
CH,O0H() -238.6 ~-16623 1268
Beryllium 'C,H;0H(g) -2351  —1685 282.7
Be(s) 0 0 9.44 C,Hs0H() 2777 -17476 1607
BeO(s) —6084  —579.1 13.77 CgH1206(5) —1273.02  -9104 2121
Be(OH),(s) —905.8 —817.9 50.21 CO(g) -1105 -137.2 197.9
Bromine CO4(3) —3935 -394.4 213.6
Br(g) 111.8 82.38 174.9 CH;COOH() —-487.0 —392.4 159.8
Br(aq) ~1209 ~102.8 80.71 Cesium
Bra(g) 30.71 314 2453 Cs(g) 76.50 4953 1756
Bry(l) 0 0 152.3 Cs(]) 2.09 003 92.07
HBr(g) ~36.23 5322 19849 Cs(s) 0 0 85.15
Calcium CsCl(s) —442.8 —414.4 101.2
Ca(g) 179.3 145.5 154.8 Chlorine
Cafs) 0 0 414 Cl(g) 121.7 1057 1652
CaCQOs(s, calcite) -1207.1 —1128.76 92.88 Cl(ag) —167.2 ~131.2 56.5
CaCly(s) —795.8 —~748.1 104.6 Cly(g) 0 0 222.96
CaF;(s) —1219.6 —1167.3 68.87 HCl(ag) ~167.2 ~131.2 56.5
CaO(s) —635.5 —604.17 39.75 HCI(g) ~92.30 —9527 186.69,
Ca(OH),(s) —986.2 —898.5 834 .
CaSO4(s) ~14340 13218 1067 Chromium .
Cr(g) 397.5 352.6 174.2
Carbon Cr(s) 0 0 23.6
Cg) 7184 6729 1580 Cr,05(s) -11397  —1058.1 81.2
C(s, diamond) 1.88 2.84 243
C . - Cobalt
(s, graphite) 0 0 5.69
B Co(g) 439 393 179
CCly(g) ~106.7 64.0 309.4 A
Co(s) 0 0 28.
CCly) -139.3 —68.6 214.4
CF4(3) —679.9 —635.1 262.3 Copper
CHL4(Q) —748 —50.8 186.3 Cu(g) 338.4 298.6 1663
CyHa(g) 226.77 209.2 2008 Cu(s)

1112




°Q) 1113

APPENDIX C Thermodynamic Quantities for Selected Substances at 298,15 K (25
AHp AGp s° AHp AGs 8
Substance (kJ/mol) (kJ/mol) (J/mol-K) Substance (k] /mol) (kJ/mol) . - (J/mol-K)
CuCly(s) -205.9 ~161.7 108.1- MgO(s) ~601.8 ~569.6 26.8
CuO(s) -156.1 —1283 4259 Mg(OH),(s) ~9247 8337 63.24
CuyOfs) =170.7 1479 9236 Manganese
Fluorine Mn(g) 280.7 238.5 173.6
E(g) 80.0 61.9 158.7 Mn(s) 0 0 32.0
F(ag) -332.6 -2788  —138 MnO(s) ~385.2 -362.9 59.7
Fa(g) 0 0 202.7 MnOy(s) -519.6 —464.8 53.14
HF(g) T26861 27070 17351 MnO,(ag) ~541.4 ~447.2 191.2
Hydrogen Mercury
H(g) 217.94 20326 - 114.60 Hg(g) 60.83 3176 174.89
H*(ag) 0 0 0 Hg()) 0 0 77.40
H(g) 1536.2 15170 1089 - HgCly(s) —2301  -1840 1445
Hy(g) 0 0 130.58 Hg,Cly(s) —264.9 -210.5 1925
Iodine Nickel
Itg) 106.60 7016 180.66 Ni(g) 429.7 384.5 182.1
I (ag) ~55.19 ~51.57 111.3 Nigs) - 0 0 29.9
L(g) 62.25 1937 26057 NiCly(s) -305.3 ~259.0 97.65
Ix(s) 0 0 116.73 NiO(s) ~239.7 ~211.7 37.99
HI(g) 25.94 130 2063 _
Nitrogen
Iron N(g) 472.7 455.5 1533
Fe(g) 4155 369.8 180.5 Na(g) 0 0 191.50
Fe(s) 0 0 27.15 NHj(ag) —80.29 —=2650 1113
Fe**(ag) 8786 -8493 1134 NH;(g) —4619  -1666 19235
Fe>*(ag) 4769 1054 2033 NH;*(ag) -132.5 =7931 1134
FeCly(s) —341.8 —302.3 117.9 N,H(g) 95.40 159.4 238.5
FeCls(s) —400 —334 1423 NH,;CN(s) 0.0 — —
FeO(s) —271.9 —255.2 60.75 NH,Cl(s) - ~3144 ~203.0 94.6
Fe;,05(s) —82216  ~740.98 89.96 NH,NO,(s) ~365.6 ~184.0 151
Fe30,(s) 71 10142 146.4 NO(g) 90.37 8671 210.62
FeSy(s) “I715 -160.1 52.92 NOy(g) 33.84 51.84 24045
Lead N,O(g) 81.6 10359 2200
Pby(s) 0 0 68.85 N>Oy(g) 9.66 98.28 3043
PbBr,(s) -2774 —260.7 161 NOCl(g) 526 66.3 264
PbCO;4(s) —699.1 —625.5 131.0 HNOs(aq) —206.6 —1105 146 .
Pb(NO3),(aq) —-421.3 ~246.9 303.3 HNOs(g) —134.3 ~7394 2664
Pb(NO3),(s) —451.9 — - Oxygen
PbO(s) —217.3 . —187.9 68.70 O(g) 2475 230.1 161.0
“ithium Os(3) 0 0 2050
Li(g) 159.3 126.6 138.8 Os(g) 142.3 163.4 237.6 ST
Li(s) 0 0 29.09 OH ~(ag) ~230.0 -157.3 -10.7
Li*(ag) ~2785 ~273.4 122 H,O(g) 24182 -22857 . 18883
Li*(g) 685.7 648.5 133.0 H,O(1) —28583  -237.13 69.91
LiCl(s) —408.3 ~384.0 59.30 H,0,(g) T13610  -10548 2329
fagnesium, H,0,(g) -187.8 -1204 109.6
Mg(s) 147.1 1125 1486 Phosphorus o
Mg(s) 0 0 3251 P(g) 316.4 280.0 163.2
MgCly(s) ~641.6 -592.1 89.6 Py(g) 144.3 103.7 218.1
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1114 APPENDIX C  Thermodynamic Quantities for Selected Substances at 298.15 K (25 °C)
AH? AGH s° AHp AGP S°
Substance (kJ/mol)  (kJ/mol) (J/mol-K) Substance (kJ/mol)  (kJ/mol) (J/mol-K)
Phosphorus (cont.) AgCl(s) —127.0 —109.70 96.11
P4(g) 58.9 24.4 280 AgyOfs) -31.05 -1120 1213
Py(s, red) ~17.46 ~12.03 22.85 AgNOs(s) —~124.4 ~3341 1409
Py(s, white) 0 0 41.08 Sodium
PCls(g) -288.07  —269.6 3117 Na(g) 1077 773 153.7
PCly(l) -319.6 —272.4 217 Na(s) 0 0 5145
PFs(g) 15944  —1520.7 300.8 Na(aq) 0401 9619 590
PHs(g) 54 134 2102 Na*(g) 609.3 5743 1480
P405(5) 16401 — — NaBr(ag) -3606  —3647  141.00
P4O10(s) T29401  =26752 2289 NaBr(s) -3614  -3493 868
POC() —o422  —5025 325 NayCOs(s) ~11309  -10477 1360
POCIy(7) —970 5209 222 NaCl(ag) ~4071  -3930 1155
H3PO4(ag) -12883  —11426 158.2 NaCl(g) 1814 9013 229.8
Potassium NaCl(s) -4109 —384.0 72.33
K(g) 89.99 61.17 160.2 NaHCOs(s) —947.7 —851.8 102.1
K(s) 0 0 64.67 NaNOs(ag) —446.2 -372.4 207
KCl(s) —435.9 —408.3 82.7 NaNOjs(s) —467.9 —367.0 1165
KClIOs(s) -391.2 -289.9 143.0 NaOH(aq) —469.6 —419.2 49.8
KClOs(aq) —349.5 —284.9 265.7 NaOH(s) —4256 —379.5 64.46
K,CO5(s) -1150.18 106458  155.44 Strontium
KINO5(s) —49270  —393.13 132.9 SrO(s) —592.0 561.9 54.9
K;O(s) —363.2 -322.1 94.14 Sr(g) 164.4 110.0 164.6 &
KO,(s) -2845 ~240.6 122.5 Sulfur |
K704(s) —495.8 -4298 113.0 S(s, thombic) 0 0 3188
KOH(s) —4247 —378.9 78.91 55(2) 1003 497 1309
KOH(aq) -482.4 -4405 91.6 5049) 2969 3004 2485
Rubidium S03(9) —395.2 -370.4 256.2
Rb(g) 85.8 55.8 170.0 S0,4% (aq) -909.3 ~744.5 20.1
Rb(s) 0 0 76.78 SOCL () —245.6 — —
RbCl(s) —430.5 —412.0 92 H,S(g) -20.17 -3301 2056
RbClO5(s) —-392.4 -292.0 152 H,504(aq) -909.3 ~744.5 20.1
_ H,S0,(l) -814.0 —689.9 156.1
Scandium
Sc(g) 377.8 336.1 174.7 Titanium
Sc(s) 0 0 346 Ti(g) 468 422 180.3
Ti(s) 0 0 30.76
Selenium TiCly(g) ~763.2 ~726.8 354.9
HaSe(s) 29.7 159 2190 TiClLy() -8042  -7281 2219
Silicon TiOy(s) —944.7 ~889.4 50.29
Si(g) 368.2 3239 167.8 Vanadium 1
Si(s) 0 0 18.7 V(g) 5142 453.1 182.2
SiC(s) -73.22 ~70.85 16.61 V(s) 0 0 289
SiCly(l) ~640.1 —572.8 239.3 Zine ‘
SiO4(s, quartz) ~910.9 —856.5 41.84 Zn(g) 1307 952
Silver Zn(s) 0 0
Ag(s) 0 0 42 55 ZnCly(s) —415.1 —369.4
Agt(ag) 105.90 77.11 73.93 ZnO(s) —348.0 —3182
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