Thermodynamic Properties of Selected Substances

For one mole at 298K and 1 atmosphere pressure

Substance Enthalpy | Gibbs Entropy S° ngc;izic Volurr;e
(form) AH% (kJ) | AG® (kJ) I/ K) Co(IIK) V(cm®)
Al (s) o | o | 2833 | 2435 | 9.99
ﬁ(lyz/iir%e) -2594.3 | -2443.88 | 8381 | 121.71 | 44.09
g';sdigjsite) -2590.3 | -2442.66 | 93.22 122.72 | 51.53
(As'ﬁﬁri%nite) -2587.8 | 244099 | 96.11 | 124.52 | 49.90
A (9) o [ o [ 1548 | 2079 [ ..
\C(graphitey | o | o | 574 | 853 | 530
|Ba(s) o | o | e32 | |
|BaCOx(s) |-12163 | -1137.6 | 1121 | |
|BaO(s) | 5535 | 5251 | 70.42 | |
|Br(g) | 1118 | 8238 | 1749 | |
|Br(aq) | 1209 | -1028 | 80.71 | |
|Br(0) | 3071 | 314 | 2453 | |
|Bra(l) o | o | 1523 | |
C(diamond) | 1.895 | 2900 | 238 | 611 | 3.42
| C(graphite) | 0 | 0 | 5.69 | |
|co (g) |-110.53 | -137.17 | 197.67 | 29.14 |
|cO2 (g) | 39351 | -304.36 | 21374 | 37.11 |
ca(s) o | o | 414 | |
\ca(g) | 1793 | 1455 | 1548 | |
|Ca* (aq)  |-542.83 | -55358 | -531 | |
Eiﬁﬁé) 12069 | -11288 | 929 | 8188 | 36.93
(Ca"’r‘gg?;me) 12071 | -1127.8 | 887 | 8125 | 34.15
\caCl; () | 7958 | 7481 | 1046 | 7259 | 516
|CaF(s) |-1219.6 | -1167.3 | 68.87 | |
|cao(s) | 6355 | -604.17 | 39.75 | |
|Ca(OH), (s) | -986.2 | -8985 | 834 | |
|CasOi(s)  |-1434.0 | -13218 | 106.7 | |
Cl (g) | o | o | 22307 | 3391 |
Il (9) | 1277 | 1057 | 1652 | |
Cr (aq) |-167.16 | -131.23 | 565 | -136.4 | 17.3
\Cos) o | o | 284 | |
Co(g) | 439 | 303 | 179 | |
Cr(s) o | o | 236 | |
cr(g) | 3075 | 3526 | 1742 | |
|Cr05(s) |-1139.7 | -10581 | 812 | |
Cu(s) | o | o | 33150 | 2444 | 712
Cu(g) | 3384 | 2086 | 1663 | |

| | | |

Substance Enthalpy | Gibbs Entropy S° S%Z(;i:‘ic Vqun13e
(form) AR (k) | AGR () | (AIK) | i | Viem?)
F () | 800 | 6L9 | 1587 | |
[F2(9) o | o | 2027 | |
Fe () | o | o | 2728 | 2510 | 711
|Fe*(aq) | 8786 | -8493 | 1134 | |
[Fe™(aq) | 4769 | -1054 | 2033 | |
|FeCly(s) | 400 | -334 | 1423 | |
[FeO(s) | 2719 | 2552 | 6€0.75 | |
|Fe0s(s) | -822.16 | -740.98 | 89.96 | |
|Fes04(s) |-1117.1 | 10142 | 1464 | |
Hz (0) o | o | 13068 | 2882 |
H (@) | 217.97 | 20325 | 11471 | 2078 |
o [ o [ o [ o |
|HBr(9) | 36.23 | 5322 | 19849 | |
[HCI(9) | 923 | 9527 | 186.69 | |
|HF(9) | -268.61 | 270.70 | 17351 | |
[Hig) | 2594 | 130 | 2063 | |
|HNOs(ag) | -206.6 | -1105 | 146 | |
|HaSe(g) | 207 | 159 | =219 | |
|H2S(9) | 2017 | 3301 | 2056 | |
|H.CO; (ag) | -699.65 | -623.08 | 187.4 | |
|HCOy (aq) | -691.99 | 586.77 | 912 | |
|HSO, (aq) | -887.34 | -755.91 | 1318 | -84 |
|HiSiO(aq) | -1449.4 | -1307.7 | 21513 | 468.98 | ..
[H0 () | -285.83 | 237.13 | 69.91 | 75.20 |18 068
|H:0 (g) |-241.82 | 22857 | 188.83 | 3358 | .
|H04(1) | -187.8 | -1204 | 109.6 | |
[He (g) o | o | 12615 | 2079 | ..
[Hg () | o | o | 7602 | 2798 |1481
IN: (9) | o | o | 19161 | 2012 |
INH; (g) | 4611 | -1645 | 19245 | 3506 |
|Na'(aq) |-240.12 | 26191 | 590 | 464 | -1
INaCl (s) |-411.15 | -384.14 | 7213 | 50.50 |2 o1
[Ne (g) ' o | o | 14633 | 2079 |
|02 (9) | o | o | 20514 | 2038 | .
|0, (aq) | 117 | 164 | 1109 | .. |
|OH (aq) | -220.99 | -157.24 | -10.75 | -1485 | .
|Pb (s) | o | o | e481 | 2644 | 183
|PbO,(s) | 2774 | 21733 | 686 | 6464 | .
|PbSO«s) | -9200 | -813.0 | 1485 | 1032 | .
|SO* (ag) | -909.27 | -74453 | 201 | 203 | .
S0, (aquartz) | -910.94 | -856.64 | 41.84 | 44.43 | 22.69
| | |




| Organics |

: Specific -
Substance Enthalpy | Gibbs |Entropy S° Volume ; o | Specific
(form) AHo (kD) | AGO ) | (I K) C:fj‘f() v(em?) (ngrbmsgance iﬂt:?:?)' A(Gs'f:t()fn E”}g‘i%s c:?ﬁ; ) \\/,(zlcunqlf
|CH. (g) | 7481 | -5072 | 18626 | 3531 | CaHs (9) | 8468 | -3282 | 22060 | 5263 |
|CCli(g) | 1067 | -640 | 3094 | | ICHsOH () | -277.69 | 17478 | 160.7 | 111.46 | 58.4
CCl() | 1303 | 686 | 2144 | | [CHicHO@) | -166 | -1337 | 266 | |
|CF4(g) | 6799 | 6351 | 2623 | | [CH,COCHy() | -248.1 | -155.4 | 2004 | |
| CH:OH(g) | 2012 | -1619 | 2376 | | CaHs (0) | -103. 85| 2349 | 26091 | 735 |
|CHsOH() | 2386 | -16623 | 1268 | | [Cahtule) M 17 [ sw02 | |
|HCHO(g) | 16 | 110 | 219 | | |CoHe(l) | 490 | 1245 | 1728 | |
|HCOOH(ag) | -410 | -3% | 164 | | | CeHo(0) | 829 | 1207 | 2692 | |
|Cat(g) | 2267 | 2002 | 2008 | | |CH:COOH(s) | -385.1 | 2453 | 1676 | 2453 |
| C2Ha(0) | 523 | 6811 | 2194 | | CaHuOn ‘ ‘ ‘ ’
1268
|CH:COOH(l) | -487.0 | -392.4 | 1508 | | (glucose)
Average Bond Dissociation Energies
Single Bonds (kJ/mol)
H C N O S F Cl Br I
H 432
C 411 346
N 386 305 167
O 459 358 201 142
S 363 272 - 226
F 565 485 283 190 284 155
Cl 428 327 313 218 255 249 240
Br 362 285 201 217 249 216 190
| 295 213 201 - 278 208 175 149
Multiple Bonds
c=C 602 C=N 615 C=0 799
Cc=C 835 C=N 887 C=0 1072
N=N 418 N=0O 607 S=0 532*
N=N 942 0=0 494

*Bond energy for S=0 bond from the SO, resonance structure.




