APPENDIX D

PHYSICAL PROPERTIES
OF VARIOUS ORGANIC
AND INORGANIC
SUBSTANCES

General Sources of Data for Tables on the Physical Properties, Heat
Capacities, and Thermodynamic Properties in Appendices D, E, and F
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Properties of Various Organic and Inorganic Substances

Appendix D

TABLE D.2 Enthalpies of Paraffinic Hydrocarbon Vapors, C,-C (J/g mol) (at 1 atm)
To convert to Btu/lb mol, multiply by 0.4306.

K C, G, Cy n-C4 i-Cy n-Cg n-Cq
273 0
291 630 912 1,264 1,709 1,658 2,125 2,545
298 879 1,277 1,771 2,394 2,328 2,976 3,563
300 950 1,383 1,919 2,592 2,522 3,222 3,858
400 4,740 7,305 10,292 13,773 13,623 17,108 20,463
500 9,100 14,476 20,685 27,442 27,325 34,020 40,622
600 14,054 22,869 32,717 43,362 43,312 53,638 64,011
700 19,585 32,342 46,417 61,186 61,220 75,604 90,123
800 25,652 42,718 61,337 80,600 80,767 99,495 118,532
900 32,204 53,931 77,404 101,378 101,754 125,101 148,866
1,000 39,204 65,814 94,432 123,428 123,971 152,213 181,041
1,100 46,567 78,408 112,340 146,607 147,234 180,665 214,764
1,200 54,308 91,504 131,042 170,707 171,418 210,246 249,868
1,300 62,383 105,143 150,331 195,727 196,480 240,872 286,143
1,400 70,709 119,202 170,205 221,375 222,212 272,378 323,465
1,500 79,244 133,678 190,581 247,650 248,571 304,595 361,539
1,600 88,031
1,800 106,064
2,000 124,725
2,200 143,804
2,500 173,050
TABLE D.3 Enthalpies of Other Hydrocarbon Vapors (J/g mol) (at 1 atm)
To convert to Btw/lb mol, multiply by 0.4306.
I- iso- Acety-
K Ethylene Propylene Butene Butene lene Benzene
273 0 0 0 0 0 0
291 753 1,104 1,536 1,538 769 1,381
298 1,054 1,548 2,154 2,154 1,075 1,945
300 1,125 1,665 2,313 2,322 1,163 2,109
400 6,008 8,882 12,455 12,367 5.899 11,878
500 11,890 17,572 24,765 24,468 11,125 24,372
600 18,648 27,719 38,911 38,425 16,711 39,150
700 26,158 39,049 54,643 53,889 22,556 55,840
800 34,329 51,379 71,755 70,793 28,686 74,015
900 43,053 64,642 89,997 88,826 35,074 93,471
1,000 52,258 78,742 109,286 107,947 41,635 113,972
1,100 61,923 93,470 129,494 123,846 48,388 135,394
1,200 71,964 108,825 150,456 148,866 55,271 157,611
1,300 82,34] 124,683 172,087 170,414 62,342 180,456
1,400 92,968 141,000 194,304 188,363 69,622 203,844
1,500 103,888 157,736 217,065 215,183 76,944 227,777
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TABLE D.4 Enthalpies of Nitrogen and Some of its Oxides (J/g mol) (at 1 atm)

To convert to Btu/lb mol, multiply by 0.4306.

K N, NO N,O NO, N,O,
273 0 0 0 0 0
291 524 537 686 658 1,384
298 728 746 957 917 1,937
300 786 686 1,034 985 2,083
400 3,695 3,785 5,121 4,865 10,543
500 6,644 6.811 9,582 9,070 19,915
600 9,627 9,895 14,386 13,564 30,124
700 12,652 13,054 19,513 18,305
800 15,756 16,292 24,950 23,242
900 18,961 19,597 30,693 28,334

1,000 22,171 22,970 36,748 33,551

1,100 25472 26,392 43,129 38,869

1,200 28,819 29,861 49,862 44,266

1,300 32.216 33,371 49,731

1,400 35,639 36,915 55,258

1,500 39,145 40,488 60,826

1,750 47,940 49,505

2,000 56.902 58,634

2,250 65,981 67,856

2,500 75,060 77,127

TABLE D.5 Enthalpies of Sulfur Compound Vapors (J/g mol) (at 1 atm)
To convert to Btu/lb mol, multiply by 0.4306.

K S,(g) S0, SO, H,S cs,
273 0 0 0 0 0
291 579 706 899 607 807
298 805 984 1,255 845 1,125
300 869 1,064 1,338 909 1217
400 4,196 5,234 6,861 4372 5,995
500 7,652 9,744 13,033 7,978 11,108
600 11,192 14,514 19,832 11,752 16,455
700 14,790 19,501 27,154 15,706 21,974
800 18,426 24,647 34,748 19,840 27,631
900 22,087 29,915 42,676 24,145 33,388
1.000 25,769 35,275 50,835 28,610 39,220
1,100 29,463 40,706 59,203 33,216 45,103
1,200 33,174 46,191 67,738 37,953 51,044
1300 36,898 51,714 76,399 42,802 57,027
1,400 40,630 57,320 47,739 63,052
1,500 44371 62,927 52,802 69,119
1,600 48,116 68,533 57,906 75.186
1,700 51,881 74,182 63,094 81,295
1,800 55,605 79,872 68,324 87,361
1,900 59,370 85,520
2,000 63,136 91,253
2,500 82,006 119.871
3.000 100,959 148,657
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APPENDIX F

HEATS OF FORMATION
AND COMBUSTION

TABLE F.1 Heats of Formation and Heats of Combustion of Compounds at 25°C**

Standard states of products for AH ;. are CO,(g), H,O(l), N,(g), SO,(g), and HCl(aq). To
convert to Btu/lb mol, multiply by 430.6.

-

AHO

Compound Formula Mol. wt. State (kJ/g mol) (ki/g lrczol)

Acetic acid CH,COOH 60.05 ] -486.2 -871.69

g -919.73
Acetaldehyde CH,CHO 40.052 g -1664  -1192.36
Acetone C3H(O 58.08 aq,200 -410.03

g -216.69 ~1821.38
Acetylene C,H, 26.04 g 226.75 -1299.61
Ammonia NH,4 17.032 ! -67.20

g —-46.191 -382.58
Ammonium carbonate (NH,),CO, 96.09 c

aq -941.86
Ammonium chloride NH,CI 53.50 c -315.4
Ammonium hydroxide NH,OH 35.05 aq -366.5
Ammonium nitrate NH,/NO, 80.05 c -366.1

aq -3394
Ammonium sulfate (NH,)SO, 132.15 c -1179.3

aq -1173.1
Benzaldehyde C¢H;CHO 106.12 1 —-88.83

g -40.0
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Appendix F Heats of Formation and Combustion 1053
TABLE F.1 (cont.)
AH AH:
Compound Formula Mol. wt. State (kJ/g mol)  (kJ/g mol)
Benzene CeHg 78.11 1 48.66 -3267.6
g 82.927 -3301.5
Boron oxide B,0, 69.64 c -1263
| -1245.2
Bromine Br, 159.832 1 0
g 30.7
n-Butane CH 58.12 ] -147.6  -2855.6
g ~-124.73 -2878.52
Isobutane CHyo 58.12 1 -158.5  -2849.0
g -1345  -2868.8
1-Butene C4Hg 56.104 g 1.172 -2718.58
Calcium arsenate Ca3(AsQOy), 398.06 c -3330.5
Calcium carbide CaC, 64.10 c -62.7
Calcium carbonate CaCO, 100.09 [ -1206.9
Calcium chloride CaCl, 110.99 C ~794.9
Calcium cyanamide CaCN, 80.11 c -352
Calcium hydroxide Ca(OH), 74.10 c ~986.56
Calcium oxide CaO 56.08 c -635.6
Calcium phosphate Ca;(POy), 310.19 c —4137.6
Calcium silicate CaSiO, 116.17 c -1584
Calcium sulfate CaSO, 136.15 Cc ~1432.7
aq ~1450.5
Calcium sulfate (gypsum)  CaSO, - 2H,0 172.18 c -2021.1
Carbon C 12.01 c 0 -393.51
Graphite (B)
Carbon dioxide CO, 44.01 g -393.51
1 ~412.92
Carbon disulfide CS, 76.14 1 87.86 -1075.2
g 1153 -1102.6
Carbon monoxide CO 28.01 g -110.52  -282.99
Carbon tetrachloride CCl, 153.838 1 -139.5 -3522
g -106.69 3849
Chloroethane C,H,Cl 64.52 g -105.0 -1421.1
1 ~41.20 -5215.44
Cumene (isopropylbenzene) C¢H;CH(CH;),  120.19 g 393 -5260.59
C ~769.86
Cupric sulfate CuSO, 159.61 ag —-843.12
_ c -7514
Cyclohexane CeH), 84.16 g -123.1  -3953.0
Cyclopentane CsHyo 70.130 1 -105.8 32909
g ~77.23 -33195



1054 Heats of Formation and Combustion Appendix F
TABLE F.1 (cont.)
AH} AH
Compound Formula Mol. wt. State (kJ/g mol)  (kJ/g mol)
Ethane C,Hg 30.07 g -84.667 -1559.9
Ethyl acetate CH,;CO,C,H; 88.10 1 -442.92  -2274.48
Ethyl alcohol C,H,OH 46.068 1 -277.63 -1366.91
g -23531 -1409.25
Ethyl benzene C¢H; - C,Hs 106.16 l ~12.46 —4564.87
g 29.79 —4607.13
Ethyl chloride C,HsCl 64.52 g -105
Ethylene C,H, 28.052 g 52.283 -1410.99
Ethylene chloride C,H,Cl 62.50 g 31.38 -1271.5
3-Ethyl hexane CgH g 114.22 1 -250.5  -5470.12
g -210.9  -5509.78
Ferric chloride FeCl, c —403.34
Ferric oxide Fe,0, 159.70 c -822.156
Ferric sulfide FeS, seelronsulfide see Iron sulfide
Ferrosoferric oxide Fe;0,4 231.55 c -1116.7
Ferrous chioride FeCl, c -342.67  -303.76
Ferrous oxide FeO 71.85 c =267
Ferrous sulfide FeS 87.92 c -95.06
Formaldehyde H,CO 30.026 g -115.89 -563.46
n-Heptane CHq 100.20 | -2244  -4816.91
g -187.8  -4853.48
n-Hexane CeH,, 86.17 l -198.8  -4163.1
g -167.2  —4194753
Hydrogen H, 2.016 g 0 -285.84
Hydrogen bromide HBr 80.924 g -36.23
Hydrogen chloride HCI 36.465 g -92.311
Hydrogen cyanide HCN 27.026 g 130.54
Hydrogen sulfide H,S 34.082 g -20.15  -562.589
Iron sulfide FeS, 119.98 c -177.9
Lead oxide PbO 223.21 c -219.2
Magnesium chloride MgCl, 95.23 c —641.83
Magnesium hydroxide Mg(OH), 58.34 c —924.66
Magnesium oxide MgO 40.32 c —601.83
Methane CH, 16.041 g -74.84  -8904
Methy! alcohol CH,OH 32.042 1 -238.64  -726.55
g -201.25  -763.96
Methyl chloride CH,Cl 50.49 g -81.923  -766.631
Methyl cyclohexane CH, 98.182 ] -1902  —4565.29
g -1548  —4600.68
Methy! cyclopentane C¢H,, 84.156 1 -138.4  -3937.7
g -106.7  -3969.4



Appendix F Heats of Formation and Combustion 1055

TABLE F.1 (cont.)

AH AR
Compound Formuia Moi. wt. State (kJ/g mol)  (kJ/g mol)
Nitric acid HNO; 63.02 1 ~-173.23
aq -206.57
Nitric oxide NO 30.01 g 90.374
Nitrogen dioxide NO, 46.01 g 33.85
Nitrous oxide N,O 44.02 g 81.55
n-Pentane CsH), 72.15 1 ~-173.1  -3509.5
g ~146.4  -3536.15
Phosphoric acid H,;PO, 98.00 c —-1281
aq (1H,0) -1278
Phosphorus P, 123.90 c 0
Phosphorus pentoxide P,04 141.95 c -1506
Propane C;Hg 44.09 1 ~119.84 -2204.0
g ~103.85 -2220.0
Propene C;H, 42.078 g 2041 -2058.47
n-Propyl alcohol C;HO 60.09 g ~-255 -2068.6
n-Propylbenzene C¢H; - CH, - C,Hg 120.19 1 -38.40 -5218.2
g 7.824 -5264.5
Silicon dioxide SiO, 60.09 c ~851.0
Sodium bicarbonate NaHCO, 84.01 c ~945.6
Sodium bisulfate NaHSO, 120.07 c -1126
Sodium carbonate Na,CO, 105.99 c ~1130
Sodium chloride NaCl 58.45 c ~411.00
Sodium cyanide NaCN 49.01 c -89.79
Sodium nitrate NaNO; 85.00 C —466.68
Sodium nitrite NaNO, 69.00 c -359
Sodium sulfate Na,SO, 142.05 c —-1384.5
Sodium sulfide Na,S 78.05 c ~373
Sodium sulfite Na,SO, 126.05 c —-1090
Sodium thiosulfate Na,S,0, 158.11 c -1117
Sulfur S 32.07 c 0
(rhombic)
c 0.297
(monoclinic)
Sulfur chloride S,Cl, 135.05 I -60.3
Sulfur dioxide SO, 64.066 g —296.90
Sulfur trioxide SO; 80.066 g —-395.18
Sulfuric acid H,S0, 98.08 1 -811.32
aq -907.51
Toluene C¢HsCH, 92.13 1 1199 -3909.9

g 50.000 —3947.9
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TABLE F.1 (cont.)
AH, AH;
Compound Formula Mol. wt.  State (kJ/g mol)  (kJ/g mol)
Water H,0 18.016 I -285.840
g -241.826
m-Xylene CgH4(CH,), 106.16 1 ~2542 —4551.86
g 17.24 —-4594.53
o-Xylene C¢H,4(CH,), 106.16 1 ~24.44 -4552.86
g 19.00 —4596.29
p-Xylene CgH4(CH,), 106.16 1 -24.43 —-4552.86
g 17.95 —4595.25
Zinc sulfate ZnSO, 161.45 c -978.55
aq -1059.93

*Sources of data are given at the beginning of Appendix D, References 1, 4, and 5.

Standard state HCI(g).



APPENDIX G

VAPOR PRESSURES

TABLE G.1 Vapor Pressures of Various Substances
Antoine equation:

B

¥ = A~
In(p*)=A4 C+T
where p* = vapor pressure, mm Hg

T =temperature, K
A, B, C = constants

Name Formula Range (K) A B C

Acetic acid CzH«tOz 200430 16.8080 3405.57 -56.34
Acetone C 3H60 241-350 16.6513 2940.46 -35.93
Ammonia NH, 179-261 16.9481 2132.50 -32.98
Benzene CeHg 280-377 15.9008 2788.51 -52.36
Carbon disulfide Cs, 288-342 15.9844 2690.85 -31.62
Carbon tetrachlonde CCl, 253-374 15.8742 2808.19 —45.99
Chloroform CHCl, 260-370 15.9732 2696.79 —46.16
Cyclohexane C¢Hy, 280-380 15.7527 2766.63 -50.50
Ethyl acetate C,HgO, 260--385 16.1516 2790.50 -57.15
Ethy! alcohol C2H60 270-369 18.5242 357891 -50.50
Ethyl bromide C,HBr 226333 15.9338 2511.68 —41.44
n-Heptane C;H6 270400 15.8737 2911.32 -56.51
n-Hexane CeH,4 245-370 15.8366 2697.55 —48.78
Methy! alcohol CH,O 257-364 18.5875 3626.55 -34.29
n-Pentane CsH,, ' 220-330 15.8333 2477.07 -39.94
Sulfur dioxide SO, 195-280 16.7680 2302.35 -35.97
Toluene CsHsCH;4 280-410 16.0137 3096.52 -53.67
Water H,O 284-441 18.3036 3816.44 —46.13

SOURCE: R. C. Reid, J. M. Prausnitz, and T. K. Sherwood. The Properties of Gases and Liquids,
3rd ed., Appendix A. New York: McGraw-Hill (1977).
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