APPENDIX

Thermodynamic Quantities

for Selected Substances

at 298.15 K (25 °C)

AHp AGE s° AHg AGE s°
Substance (kJ/mol) (kJ/mol) (J/mol-K) Substance (kJ/mol) (kJ/mol) (J/mol-K)
Aluminum C4Hyo(g) -124.73 -15.71 310.0
Al(s) 0 0 28.32 CHy(1) -147.6 -15.0 231.0
AICl(s) ~705.6 -630.0 109.3 CeHe(g) 82.9 129.7 269.2
AL O5(s) -1669.8 -1576.5 51.00 CeHq(1) 49.0 124.5 172.8
Barium CH;0H(g) -201.2 -161.9 237.6
Ba(s) 0 0 632 CH,0H(I) -238.6 -166.23 126.8
BaCO;(s) -1216.3 -1137.6 112.1 C,HsOH(g) -235.1 -168.5 2827
BaO(s) -553.5 -525.1 70.42 C,HsOH(I) -277.7 -174.76 160.7
Beryllium CeHp,04(s) ~1273.02 -910.4 212.1
Be(s) 0 0 9044 CO(g) -110.5 -137.2 197.9
BeO(s) ~608.4 -579.1 13.77 CO,(8) —393.5 —3944 2136
Be(OH), (s) _005.8 8179 5021 CH,COOH(I) —487.0 -392.4 159.8
Bromine Cesium
Br(g) 111.8 82.38 174.9 Cs(g) 76.50 49.53 175.6
Br (aq) -120.9 -102.8 80.71 Cs(l) 2.09 0.03 92.07
Br,(g) 30.71 3.14 2453 Cs(s) 0 0 85.15
Bry(1) 0 0 152.3 CsCl(s) —442.8 —414.4 101.2
HBr(g) -36.23 -53.22 198.49 Chlorine
Calcium Cl(g) 121.7 105.7 165.2
Ca(g) 179.3 145.5 154.8 CI™(aq) -167.2 -131.2 56.5
Ca(s) 0 0 41.4 Cly(g) 0 0 222.96
CaCO;(s, calcite) —1207.1 ~1128.76 92.88 HCl(aq) -167.2 -131.2 56.5
CaCl,(s) -795.8 -748.1 104.6 HCl(g) —92.30 =95.27 186.69
CaF,y(s) -1219.6 -1167.3 68.87 Chromium
CaO(s) —-635.5 —604.17 39.75 Cr(g) 397.5 352.6 174.2
Ca(OH),(s) -986.2 -898.5 83.4 Cr(s) 0 0 236
CaSO,(s) ~1434.0 -1321.8 106.7 Cr,05(s) -1139.7 -1058.1 812
Carbon Cobalt
C(g) 718.4 672.9 158.0 Co(g) 439 393 179
C(s, diamond) 1.88 2.84 2.43 Co(s) 0 0 28.4
C(s, graphite) 0 0 5.69 Copper
CCly(g) -106.7 -64.0 3094 Cu(g) 3384 298.6 166.3
CCly(1) -139.3 —68.6 2144 Cu(s) 0 0 33.30
CFy(g) —679.9 —635.1 2623 CuCly(s) -205.9 -161.7 108.1
CHy(g) -74.8 -50.8 186.3 CuO(s) -156.1 -128.3 42.59
C,H,(g) 226.77 209.2 200.8 Cu,O(s) -170.7 -147.9 92.36
C,H,y(g) 52.30 68.11 219.4 Fluorine
C,Hq(g) -84.68 -32.89 229.5 F(g) 80.0 61.9 158.7
C5Hs(g) ~103.85 -23.47 269.9 F(aq) 3326 _278.8 _1338
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AH? AG?

2 2 s° AHP AGS s°
Substance (kJ/mol) (kJ/mol) (J/mol-K) Substance (kJ/mol) (kJ/mol) (J/mol-K)
F,(g) 0 0 202.7 MnO(s) -385.2 -362.9 59.7
HF(g) -268.61 -270.70 173.51 MnO,(s) -519.6 ~464.8 53.14
Hydrogen MnO; (aq) —541.4 —4472 191.2
H(g) 217.94 203.26 114.60 Mercury
H*(aq) 0 0 0 Hg(g) 60.83 31.76 174.89
H*(g) 1536.2 1517.0 108.9 Hg()) 0 0 77.40
H,(g) 0 0 130.58 HgCly(s) —-230.1 —-184.0 144.5
Todine Hg,Cl,(s) ~264.9 -2105 1925
1(g) 106.60 70.16 180.66 Nickel
I (g) -55.19 -51.57 1113 Ni(g) 429.7 384.5 182.1
L(g) 62.25 19.37 260.57 Ni(s) 0 0 29.9
L,(s) 0 0 116.73 NiCly(s) -305.3 -259.0 97.65
HI(g) 25.94 1.30 206.3 NiO(s) -239.7 -211.7 37.99
Iron Nitrogen
Fe(g) 415.5 369.8 180.5 N(g) 472.7 455.5 153.3
Fe(s) 0 0 27.15 N(g) 0 0 191.50
Fe** (aq) —-87.86 —84.93 113.4 NHj;(aq) —80.29 —26.50 111.3
Fel* (aq) ~47.69 ~10.54 293.3 NH;(g) —46.19 -16.66 192.5
FeCly(s) -341.8 -302.3 117.9 NH, " (aq) 1325 ~79.31 1134
FeCly(s) —400 -334 142.3 N,H,(g) 95.40 159.4 2385
FeO(s) -271.9 -255.2 60.75 NH,CN(s) 04 - —
Fe,05(s) -822.16 ~740.98 89.96 NH,CI(s) -3144 -203.0 94.6
Fe;04(s) ~1117.1 ~1014.2 146.4 NH,NO,(s) -365.6 -184.0 151
FeS,(s) -171.5 -160.1 52.92 NO() 90.37 86.71 210.62
Lead NO,(g) 33.84 51.84 240.45
Pb(s) 0 0 65,85 N,0(g) 81.6 103.59 220.0
PbBr, (s) 2774 ~260.7 161 N04(g) 9:66 98.28 304.3
PbCO;(s) -699.1 ~625.5 131.0 NOClig) °26 663 204
Pb(NO;),(aq) -4213 -246.9 303.3 HNOs(aq) 2066 ~1105 146
Ph(NO, ),(s) 4519 B B HNO;(g) ~134.3 ~73.94 266.4
PbO(s) -217.3 -187.9 68.70 Oxygen
Lithium 0(g) 2475 230.1 161.0
Li(g) 159.3 126.6 138.8 0x(8) 0 0 2050
Li(s) 0 0 29.09 05(g) 142.3 163.4 237.6
Li*(aq) 785 o34 s OH™(aq) -230.0 -157.3 -10.7
Li*(g) 685.7 6485 133.0 H,0(g) —241.82 —228.57 188.83
LiCl(s) -408.3 -384.0 59.30 HL0(0) 28583 23713 6991
. H,0,(g) -136.10 ~105.48 2329
Magnesium H,0,(1) -187.8 ~120.4 109.6
Mg(g) 147.1 1125 148.6
Ma(s) 0 0 3251 Phosphorus
MgCly(s) -641.6 -592.1 89.6 P Jle4 2800 163.2
MgO(s) -601.8 ~569.6 26.8 Pa(g) 144.3 1037 2181
Mg(OH),(s) -924.7 -833.7 63.24 Pi(g) 28.9 244 280
Py(s, red) ~17.46 -12.03 22.85
Manganese P, (s, white) 0 0 41.08
Mnl(g) 280.7 238.5 1736 PCly(g) -288.07 -269.6 311.7

Mn(s) 0 0 32.0
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AH} AGH s° AH AGP s°
Substance (kJ/mol) (kJ/mol) (J/mol-K) Substance (kJ/mol) (kJ/mol) (J/mol-K)
PCly(1) -319.6 2724 217 Sodium
PF5(g) —1594.4 -1520.7 300.8 Na(g) 107.7 77.3 153.7
PH;(g) 54 13.4 2102 Na(s) 0 0 51.45
P4O06(s) -1640.1 - - Na*(aq) -240.1 -261.9 59.0
P,01(s) -2940.1 —2675.2 228.9 Na*(g) 609.3 5743 148.0
POCL;(g) —542.2 —502.5 325 NaBr(ag) -360.6 -364.7 141.00
POCLy(1) —597.0 -520.9 222 NaBr(s) -361.4 -349.3 86.82
H;PO4(aq) -1288.3 -1142.6 158.2 Na,CO;(s) -1130.9 -1047.7 136.0
Potassium NaCl(aq) -407.1 -393.0 1155
K(g) 89.99 61.17 160.2 NaCl(g) -181.4 -201.3 229.8
K(s) 0 0 64.67 NaCl(s) -410.9 -384.0 72.33
K*(aq) —252.4 -283.3 102.5 NaHCO;(s) -947.7 -851.8 102.1
K*(g) 514.2 481.2 154.5 NaNO;(aq) -446.2 -372.4 207
KCI(s) 4359 —408.3 82.7 NaNOjs(s) -467.9 -367.0 116.5
KClOs(s) -391.2 —-289.9 143.0 NaOH(aq) —469.6 -419.2 49.8
KClO5(aq) -349.5 2849 265.7 NaOH(s) —425.6 -379.5 64.46
K,COs(s) -1150.18 -1064.58 155.44 Na,SO,4(s) —1387.1 -1270.2 149.6
KNO;(s) —-492.70 -393.13 1329 Strontium
K,O(s) -363.2 -322.1 94.14 SrO(s) -592.0 -561.9 54.9
KO, (s) -284.5 ~240.6 122.5 Sr(g) 164.4 110.0 164.6
K,O,(s) -495.8 -429.8 113.0 Sulfur
KOH(s) —-424.7 -378.9 78.91 S(s, rhombic) 0 0 31.88
KOH(aq) —482.4 —440.5 91.6 Ss(g) 102.3 497 430.9
Rubidium SO,(g) -296.9 -300.4 248.5
Rb(g) 85.8 55.8 170.0 SOs(g) -395.2 ~370.4 256.2
Rb(s) 0 0 76.78 S02™ (aq) -909.3 —744.5 20.1
RbCl(s) —430.5 —412.0 92 SOCL(1) 2456 — —
RbClO;(s) -392.4 -292.0 152 H,S(g) -20.17 -33.01 205.6
Scandium H,SO4(aq) -909.3 —-744.5 20.1
Sc(g) 377.8 336.1 174.7 H,S0,(1) -814.0 -689.9 156.1
Sc(s) 0 0 34.6 Titanium
Selenium Ti(g) 468 422 180.3
H,Se(g) 29.7 15.9 219.0 Ti(s) 0 0 30.76
Silicon TiCly(g) -763.2 -726.8 354.9
Si(g) 368.2 323.9 167.8 TiCly(1) -804.2 -728.1 221.9
Si(s) 0 0 18.7 TiO,(s) -944.7 -889.4 50.29
SiC(s) -73.22 -70.85 16.61 Vanadium
SiCly(1) ~640.1 -572.8 239.3 Vi@ 5142 1531 1522
SiO, (s, quartz) -910.9 —856.5 41.84 ’ ' ’
V(s) 0 0 28.9
Silver
Zinc
Ag(s) 0 0 42.55
N 7n(g) 130.7 95.2 160.9
Agt(aq) 105.90 77.11 73.93
Zn(s) 0 0 41.63
AgCl(s) -127.0 -109.70 96.11 ZnCly(s) 4151 3694 115
Ag,0(s) -31.05 -11.20 121.3 200(s) 3480 3182 139

AgNOs(s) -124.4 -33.41 140.9
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L Selected Thermodynamic Values

Table 20 Selected Thermodynamic Values*

AH° (298.15 K) S° (298.15 K) A/G° (298.15 K)

Species (k3/mol) (3/K - mol) (k3/mol)
Aluminum

a0 83 0
T 70563 10929 6300
S oMo -7 s0.02 15823
oty
Comab) —es86 12368 8104
BaO)  —1213 1121 —113441
om0 = 205 52038
BasO) 0 -w;k2 a2 —1622
_B_ely_lliu_m ____________________________________
By o a5 o
BeOH —o025 s9 8150
ot
e —40296 2017 —387.95
Cmomine
B 11sss o2 8239
B9 o 22 o
B9 09 s 312
T 5560 20253 22043
Wt -2 1.7 5345
_C;lgum_ ____________________________________
e o ase o
Cew 782 1ssss4 1443
@t s - - -
e —se8 0. 6493
O CaOy(s, calcite)  —12076 o7 —11906
Cake —7958 1046 481
R -1 6887  —1673
A —1862 w —u412
R —63.00 B2 —603.42
I —g24 65 —ar4
GO —og6.00 g3 80843
GOMe -8 - - 86807
Cosoq) -5 1065 —13200

A-26 *Most thermodynamic data are taken from the NIST Chemistry WebBook at http://webbook.nist.gov.
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Table 20 Selected Thermodynamic Values (continued)

AH° (298.15 K) 5° (298.15 K) A/G° (298.15 K)

Species (k3/mol) (3/K - mol) (k3/mol)

Carbon

 Csoguphi) o s o
(s dimond) 18 237 290
w9 7667 sl 62
Cawo “184 21439 563
W9 —ese8 30065 5361
o ~13447 2017 -7366
ot ~10318 2561 -704
" CH(g, methane)  —7487 1826 508
Mg ethyne) 2673 20094 20020
g ethene) s247 293 6835
© GMy(g,ethane) -85 292 318
 GHy(g, propane) —1047 203 244
O CH(C benzene) w95 126 1421
©CHOH(C, methanol) 2384 12119 —166.04
©CHOH(g, methano) —20t0 o307 “1625
GHOH(C ethano) 70 17 “1747
GHOH(g ethano) —2353 w0 —16849
e —10525 197674 ~137.168
o9 “303.500 21374 304350
s 041 1 652
R wes 18 66.61
oot —2188 o853 —2046
ST TSI T ST oTooimooo oo
R 523 o
s wsrosh - - -
B —w304 1117 —41453
CChorne
Caw 213 s 1053
Caw 333 - - -
w9 o a8 0o
W9  —est 12 9500
W@ —167159 65 ~13126
Cthomiom
B 262 o
S w0 —ur s0.65  —105295
o —ss6s 1230 461

(continued)




A-28

APPENDIX L Selected Thermodynamic Values

Table 20 Selected Thermodynamic Values (continued)

AH° (298.15 K) S° (298.15 K) A/G° (298.15 K)

Species (k3/mol) (3/K - mol) (k3/mol)
Copper

w0 87 o
Cwe —15606 s —1283
st —2201 1807 —1757
S 76998 10005 66075
e ittt
R o w28 o
o 7899 ss7s4 6Ll
CFe —5539 - - -
e 3263 - - 1879
oW 33 ananw 32
W) —33263 87 27879
_@d:og;n ____________________________________
T w0 T T T T T T o T
e 27065 14713 203247
W@ e - - -
Cowoo e 69.05 3745
C WO —24183  1ses4 —22859
T ~1g7.78 1006 “12035
Clodie o
w9 o T aes o
w9 62438 26069 19327
w9 106838 8791 0250
- _Ij(g_) ___________ [Pt it -
e wst o a1se 573
Bttt e
SR o 27278 o
D R0 22 - - _—_—
Fey(s hematit) 855 g40 122
© FeOyfs, magnetite)  —11184 1464 —10154
TR —s479 res 30230
U Rt “300.40 1423 34400
O ReSspyit) —1582 5203 ~1669
T RO 7740 o3 7053
it
S o 6481 o
etk 3041 160 Sst410
PbO(s yelow) 29 65 “16
C oo 4 686 21739
Coese —1004 o2 -1
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Table 20 Selected Thermodynamic Values (continued)

AH° (298.15 K) 5° (298.15 K) A/G° (298.15 K)

Species (k3/mol) (3/K - mol) (k3/mol)
Lithium

e o 2012 o
e e 685783 - - -
Lo —agh03 st 43896
R —sos48 280 45058
s —ss701 5933 38437
CMagnesiom o
oM o e o
C Mgt —e4162 .62 50200
oMoy  -uue 6584 —10282
C oMo —eo124 685 56893
T MgOHe —o4s4 .08 83351
Mg ~s60 033 T
_M_er;”; ____________________________________
S W9 o 602 o
ML) —2243 w0 “786
MO, ved) %083 020 58539
HgS(s.red)  -s82 24 506
- /\;ck;[ _____________________________________
SN o 2087 o
s oNos 307 3799 117
s 332 o765 —2s0.032
_I\Etr;ge; ____________________________________
SN o s o
SN 2704 153.298 455563
N9  —#s00  1277 1631
CoNHe s0.63  lets2 14945
Cowae Ssuss o485 20308
O ONHOE) —200.66 1609 21057
CUONNOG) —36556 15108 —183.84
B ~33087 2508 “19057
S owoe 02 2076 86.58
s N9 31 2004 5.3
T s205 21085 10420
B R 07.73
©owaw) s71 2618 66.08
S oo —17410 15560 8071
C oMo —135.06 26638 7472
T —20736 1464 —11125

(continued)
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Table 20 Selected Thermodynamic Values (continued)

AH° (298.15 K) S° (298.15 K) A/G° (298.15 K)

Species (k3/mol) (3/K - mol) (k3/mol)
Oxygen

o o asor o
o 240470 16Loss 231731
o9 w6 e 132
Cprosphorus
Cpgswhit) o wr o
Cohsed)  -ws 280  -121
B 3464 163193 25825
C P s4 21024 664
o9 —2g70 3wz —2678
PO 240 2m86 26077
CWPOO  —1e0 1105 —191
Cpotessum
B 6463 o
B 4668 256 40877
sk —se773 w1 29625
Cae —3790 1632 304892
CokoHe —as72 B9 37892
CKoHE) 8237 o6 44050
CSibon T
B w82 0
s 4573 ems —az9
S s —es3 661 628
sl —66275 3308 —62276
st 31 eokes s6.84
SR —lel4e4  2s2490 157265
SO qur) o108 was —856.97
_57lve_r _____________________________________
oA o s o
B T R VR P R
S —1701 %625 ~100.76
T Ao —12430 w4092 -4
CSedum
SN o si21 o0
CNagg 073 15378 768
N 609358 - - -
B —sevo2 682 348983
SN a2 2u 38404
s —is142 22079 20133
N —0727 155 303433
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Table 20 Selected Thermodynamic Values (continued)

AH° (298.15 K) 5° (298.15 K) A/G° (298.15 K)

Species (k3/mol) (3/K - mol) (k3/mol)
Sodium (continued)

CNOHS) —25.93 644 —37075
© NaOH@g) 4015 w1 —41809
Nt -u3077 13479 —104808
_S;[f;r _____________________________________
Ssthombig o 210
s 27898 16783 23651
Costle -84 s -3
SRl —100 218  —11053
WS -6 2879 -356
Y —206.84 g2l —30013
s —3es7 %677 37104
T —er2s 977 “1983
CowWso) —s14 1569 —689.96
OHSO@ —o00.27 01 74453
- TTn ______________________________________
Sa(swhit) o s8 0o
sy 200 was ol
Cosew —s13 86 w015
sl —15 38 —ae3
s .63 wos 51588
Cfinum
ot o 072 o0
T —s42 %34 1372
T 76316 3484 —1267
I 2 —o30.7 wor 8845
- C_ _____________________________________
om0 ae o
s —415.05 11146 ~360398
o) —ug28 Bes 31830
O ZnS(s sphalerite) —20508 s77 —20129




