174 H

Hz(g)
Hydrogen
cal/mol«K H°- Higg,
T, K

cp° $° -(G°- H3gg)}/T  kcal/mol

298.15 6.892 31.207 -31.207 0
300 6.895 31.250 31.207 .013
400 6.974 33.247 31.480 .707
500 6.993 34.806 31.994 1.406
600 7.009 36.082 32.572 2.106
700 7.036 37.164 33.153 2.808
800 7.080 38.107 33.715 3.514
900 7.142 38.944 34.250 4.225
1000 7.219 39.700 34.757 . 4.943
1100 7.309 40.392 ¢ 35.238 - 5.669
1200 7.407 41.033 35.695 6.405
1300 7.510 41.630 36.129 7.151
1400 7.615 42.190 36.542 7.907
1500 7.719 42.719 36.936 8.674
1600 7.821 43.220 '37.313 9.451
1700 7.920 43.698 37.676 10.238
1800 8.016 44.153 38.022 11.035
1900 8.106 44.589 38.357 11.841
2000 8.193 45.007 38.679 12.656
2100 8.275 45.409 38.990 13.479
2200 8.354 45.795 39.290 14.311
2300 8.428 46.168 39.581 15.150
2400 8.499 46.529 39.864 15.996
2500 8.566 46.877 40.137 16.849
2600 8.631 47.214 40.403 17.709
2700 8.692 47.541 40.661 18.575
2800 '8.752 47.858 40.912 19.448
2900 8.809 48.166 41.157 .20.326
3000 8.864 48.466 41.396 21.209

Heat capacity (cal/mol+K) and enthalpy (kcal/mol) equations:
298.15-3000 K: Cp® = 6.456 + 0.838x10 3T + 0.165x105T 2
H°- Hjgg = 6.456x10 3T + 0.419x10 6T2 - 0.165x102T ! - 1.907

u

Source: Data from JANAF (52).



180 H

H0(1,8)
Water

[Pormation: Hj(g) + 0.50;(g) = Ho0(1,g)]

cal/mol+K keal/mol
T, K ‘ , Log Kf
Cp°® 5° -(G°- H3gg)/T H°~ H3gg AHE® AGE®
298.15 17.997 16.718 16.718 0 -68.315 -56.690 41.554
300 17.995 16.829 16.719 .033 -68.302 - -56.618 41.246
373.15 18.153 20,765 17.139 1.353 -67.747 -53.831 31.528
373.15 8.134 46.921 17.139 11.113 -57.987 -53.831 : .31.528
400 8.186 47 .484 19.124 11.344 -58.040 -53.516 29.240
500 8.415 49,334 24.988 12.173 -58.275 -52.359 22.886
600 8.676 50.891 29.178 13.028 -58.498 -51.154 18.633
700 8.954 52.249 32.379 13.909 -58.708 -49.913 15.583
800 9,246 53.464 34.940 14.819 -58.903 -48.644 13.289
300 9.547 54.570 37.060 15.759 -59,081 -47.350 11.498
1000 9.851 55.592 38.864 . 16.728 -59,243 -46.040 10.062
1100 10.152 56.545 40.428 17.729 -59,.388 -44.711 8.883
1200 10.444 57 .441 41.809 18.759 -59.518 -43.370 7.899
1300 10,723 58.288 43.044 19.817 -59.634 -42.020 7.064
1400 10.987 59.092 44.161 20.903 i -59.736 -40,661 6.347
1500 11.233 59.859 ’ 45.183 22.014 -59.827 =-39.297 5.725
1600 11.462 60,591 46,123 23.149 =-59.907 -37.925 5.180
1700 11.674 6$1.293 46.995 24.306 -59.978 =-36.549 4.699
1800 11.869 61.963 47 .808B 25.483 -60.042 -35.168 4.270
1900 12.048 62.612 48.570 26.679 -60.099 -33.785 3.88%6
2000 12.214 63.234 49,288 27.892 -60.151 -32.399 3.540
2100 12,366 . 63.834 49,967 29.121 -560.197 -31.009 3.227
2200 12.505 b4 .412 50.610 30.365 ~-60.240 -29.619 2.942
2300 12.634 64.971 51.222 31.622 -60.280 -28.227 2.682
2400 12.753 65.511 51.8086 32.891 -60.318 -26.830 2,443
2500 12.863 66.034 " 52.365 34,172 -60.353 -25.435 2.223
2600 12.965 66.541 52.901 35.464 -60.386 -24,039 2.021
2700 13.059 67.032 53.415 36.765 ~60.419 =22.641 1.833
2800 13.146 67.508 53.910 38.075 ~60.453 -21.240 1.658
2900 13.228 67.971 54,387 39.394 -60.485 -19,840 1,495
3000 13.304 68.421 54,848 40.720 -60.517 -18.437 1.343

Phase changes: 273.15 K, melting point of H20; AH® = 1.436 kcal/mol.
373.15 K, boiling point of H20; AH® = 9.760 kcal/mol.

Heat capacity (cal/molsX) and enthalpy (kcal/mol) equations:

298.15-373.15 K: Cp® = 1B.041
H°- HS¢g = 18.041x10 3T - 5,379
373.15-3000 K: Cp® = 7.272 + 2.492x1073T - 0.094x105T 2

H®- H3gg = 7.272x10 3T + 1.246x10 6T2 + 0.094x1021° ! + 8.201



Formation equations (kcal/mol):

298.15-373.15 K: AHf®

‘ AGE®
373.15-2000 K:  AHf®
AGE®

2000-3000 K: AHE®
AGE®

-70.611
=70.611
-57.031
-57.031
-56.363
=-56.363

+

+

Sources: Enthalpy of formatien at
for liquid also from CODATA (36). Data for liquid from Ginning?—(ll). Data for gas
from JANAF (51).

H 181

Hy0(1,g) - Continued

7.970x10 3T - 0.671x10 T2 - 6.100T !

7.970x10 3TInT + 0.671x10 6T2 - 3,050T ! + 91.937x1073T
2,799x10 3T + 0.576x10 T2 + 3.300T !

2.799%1073TInT ~ 0.576x1076T2 + 1.650T"! - 7.798x1073T
3.354x10 3T + 0.722x10 8T2 - 289.100T !

3.354x10 ITInT - 0.722x10 6T2 - 144.550T ! ~ 12.020x10 3T

298 K for liquid and gas from CODATA {(36). Entropy at 298 K



—~

182

H
H;0(g) '
Water (ideal gas)
[Formation: Hz(g) + 0.50,(g) = H,0(g)]
cal/mol+X kcal/mol
T, K Log Kf
cp® 8° -(G°= H39g)/T H°- H3gg AHE® AGE®

298.15 8.025 45.106 45.106 0 -57.795 =54.634 40.047
300 8.027 45.155 45.106 015 ~57.799 -54.614 39.786
400 8.186 47.484 45.422 .825 -58.038 -53.515 29.239
500 8.415 49.334 46.026 1.654 -58.274 -52.358 22.885
600 8.676 50.891 46.709 2.509 -58.496 -51.153 18.632

700 8.954 52.249 47 .406 3.390 -58.707 -49.912 15.583
800 9.246 83.464 48.089 4.300 -58.902 -48.643 13.289
900 9,547 54,570 48.748 5.240 -59,080 -47.349 11.498
1000 9.851 55.592 49.383 6.209 =59.242 -46.039 10.062
1100 10.152 56.545 49.990 7.210 -59.387 -44.710 8.883
1200 10.444 57.441 50.574 8.240 -59.517 =43,369 7.899
1300 10.723 58,288 51.1356 9,298 -59,632 -42.019 7.064
1400 10.987 59.092 51.675 10.384 -59.735 =40.660 6.347
1500 11.233 59.859 52.196 11.495 -59.826 -39.296 5.725
1600 11.462 60.591 52.697 12.630 -59.906 -37.924 5.180
1700 11.674 61.293 53,183 13.787 -59.977 -36.548 4,698
1800 11.869 61.965 53.652 14.964 -60.041 -35,167 4,270
1900 12.048 62.612 54,107 16.160 -60.098 -33.784 3.886
2000 12.214 63.234 54,548 17.373 -60.150 -32,398 3.540

Heat capacity (cal/mol°X)

and enthalpy (kcal/mol) equations:

298.15-2000 K:

cp®

1]

Férmation equations (kcal/mol):

298.15-2000 K:

Sources:

= -56.816 — 3.176x10 °T + 0.771x10 5T2 - 30.100T" !

6.895 + 2.882x10 3T + 0.240x105T 2
H°- H39g = 6.895x10 3T + 1.441x10 572 - 0.240x102T"! - 2.103

L

= -56.816 + 3.176x10 3T1nT - 0.771x10 6T2 - 15,050T ! - 10.378x10 3T

Enfhalpy of formation and entropy at 298 K from CODATA (36). All other data from

JANAF (51).



02(8)
Oxygen
cal/mol-K H°- HY9g,
T, K

cp® s® -{G%- HB9g) /T kcal/mol

298,15 7,021 49,005 49,005 0
300 7.023 49.049 49,006 013
"~ 400 7.196 51.090 49.283 .723
500 7.431 52.721 49.813 1.454
600 7.670 54,097 50,415 2.209
700 7.883 55.296 51,029 2.987
80O 8.062 56.360 51.629 3.785
900 8.211 57.319 52.209 4.599
1000 B.334 - 58.190 52.764 5.426
1100 B8.437 58.990 53.295 6.265
1200 8.525 59.728 53.801 7.113
1300 8.601 60.413 54.283 7.969
1400 B.670 61.053 54.744 8.833
1500 B.734 61,653 55.184 9.703
1600 B.795 62.219 55.607 10.580
1700 8.853 62.754 56.012 11.462
1800 8.909 63.262 56.401 12.350
1900 8.9565 6§3.743 56.774 13.244
2000 9.020 64,206 57.135 14.143
2100 9.075 64.648 ©57.482 15.048
2200 9.129 65.071 57.817 15.958
2300 9.182 65.478 58.141 16.874
2400 9,235 65,870 58,455 17.795
2500 9,287 66.248 58.760 18.721
2600 9.337 66.613 59.055 19.652
2700 9.387 66.966 59.341 20.588
2800 9.435 67.309 59.620 21.529
2900 9.482 67.641 59.891 22.475
3000 9.528 67.963 60.154 23.426

Heat capacity (cal/mol*K)

and enthalpy (kczl/mol) equations:

298.15-2000 K: Cp°
_ H°- H39g
2000-3000 K: Cp®
H®- Higg

7.230 + 1.006x%10 3T - 0.452x105T 2

7.230%10 3T + 0.503x10 T2 + 0.452x1021T°! - 2.352

= 8.340 + 0.418x10 3T - 6.300x105T 2

8.340%10 3T + 0.209x10 6T2 + 6.300x10%T ! - 3.688

Source: Data from JANAF (52).
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