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Chapter 1
CRITICAL PROPERTIES AND ACENTRIC FACTOR

Carl L. Yaws, Xiaoyan Lin, Li Bu, Deepa R. Balundgi and Saumya Tripathi
Lamar University, Beaumont, Texas

ABSTRACT

Results for critical properties and acentric factor are presented for major organic and inorganic
compounds. The critical properties include critical temperature, pressure, volume, density and compressibility
factor. The chemical formula, molecular weight, freezing point and boiling point are also given. The results
are displayed in easy-to-use tabulations which are especially applicable for rapid engineering usage with the
personal computer or hand calculator.  The chemicals encompass hydrocarbon, oxygen, nitrogen, halogen,
silicon, sulfur and other compound types.

INTRODUCTION

Physical and thermodynamic property data for organic and inorganic chemicals are of special value
to engineers in the chemical processing and petroleum refining industries.  The engineering design of
process equipment often requires knowledge of such properties as heat capacity, enthalpy, density, viscosity,
thermal conductivity and others.

In this article, results are presented for critical properties and acentric factor, which are usable in
corresponding states correlations to determine properties such as heat capacity, enthalpy, density, viscosity
and thermal conductivity.  The results are intended for initial engineering studies and are presented in an
easy-to-use tabular format which is especially applicable for rapid engineering usage with the personal
computer or hand calculator.

CRITICAL PROPERTIES AND ACENTRIC FACTOR

The results for critical properties and acentric factor are shown in Tables 1-1 and 1-2 for organic and
inorganic compounds.  The tabulations are based on both experimental data and estimated values.

In the data collection, a literature search was conducted to identify data source publications for
organics (1-44) and inorganics (1-59). Both experimental values for the property under consideration and
parameter values for estimation of the property are included in the source publications. The publications were
screened and copies of appropriate data were made.  These data were then keyed into the computer to
provide a database of critical properties for compounds for which experimental data are available.  The
database also served as a basis to check the accuracy of the estimation method.

Upon completion of data collection, estimation of the critical properties and acentric factor for the
remaining compounds was performed.  For organic compounds, the group contribution method of Joback as
given by Reid, Prausnitz and Poling (29) was primarily used for the estimation of critical temperature (TC),
pressure (PC) and volume (VC).

For inorganic compounds, estimates of critical temperature were based on modifications of the
Guldberg-Guye rule (11), Gates-Thodos method (11) and Grosse equation (11). Estimates of other critical
constants and acentric factor were primarily based on extension of the vapor pressure curve and
modifications of the Benson relation (11) and Herzog proposal (11).  Very limited experimental data for critical
constants and acentric factor are available for inorganic compounds and elements that are solids at room
temperature. Thus, the estimates for these substances should be considered rough approximations in the
absence of experimental data.

 Critical density (ρC) was determined from dividing molecular weight by critical volume:

ρC = MW / VC                                                                                                                        (1-1)

where ρC = critical density, g/cm3

MW = molecular weight, g/mol
                           VC = critical volume, cm3/mol

Critical compressibility factor (ZC) was ascertained from applying the gas law at the critical point:

                           ZC = PC VC / R TC                                                                                                                  (1-2)

For many of the compounds, the acentric factor (ω) was estimated by the following
equation which is given in Reid, Prausnitz and Poling (29):

                                    3       TB / TC   
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                           ω  =                            (log PC)  –  1      (1-3)
                                    7     1 - TB / TC

where ω = acentric factor 
TB = boiling point temperature, K
TC = critical temperature, K
PC = critical pressure, atm.

This equation for acentric factor is based on extending the vapor pressure by the Antoine type relation.
Comparisons of estimates and data for critical temperature are shown in Figures 1-1 and 1-2 for

normal alkanes and elements. Both graphs disclose favorable agreement of estimates and data.
A comparison of the estimates with experimental data was favorable for the group contribution

method of Joback for organic compounds.  Average absolute errors of 0.9%, 6.3%, 4.4% and 4.6% were
experienced for critical temperature (465 compounds), pressure (453 compounds), volume (345 compounds)
and compressibility factor (348 compounds).  Average absolute error for acentric factor (277 compounds)
was about 6%.

The normal boiling (TB) and freezing (TF) point temperatures are also given in the table. For most
compounds, data are available. For the compounds without data, the group contribution method of Joback
(29) was used to estimate the boiling and freezing point temperatures for organic compounds. As discussed
by Reid, Prausnitz and Poling (29), no reliable methods are available for precise estimation of freezing point
temperature. Thus, the estimates for freezing point temperature should be considered as rough
approximations.

Portions of this material appeared in Hydrocarbon Processing, 68, 61 (July 1989) and are reprinted
by special permission.

REFERENCES  - ORGANIC COMPOUNDS
  1. SELECTED VALUES OF PROPERTIES OF HYDROCARBONS AND RELATED COMPOUNDS, Thermodynamics Research

Center, TAMU, College Station, TX (1977, 1984).
  2. SELECTED VALUES OF PROPERTIES OF CHEMICAL COMPOUNDS, Thermodynamics Research Center, TAMU, College

Station, TX (1977, 1987).
  3.  TECHNICAL DATA BOOK - PETROLEUM REFINING, Vols. I and II, American Petroleum Institute, Washington, DC (1972, 1977,

1982).
  4. Daubert, T. E. and R. P. Danner, DATA COMPILATION OF PROPERTIES OF PURE COMPOUNDS, Parts 1, 2, 3 and 4,

Supplements 1 and 2, DIPPR Project, AIChE, New York, NY (1985-1992).
  5. Ambrose, D., VAPOUR-LIQUID CRITICAL PROPERTIES, National Physical Laboratory, Teddington, England, NPL Report Chem

107 (Feb., 1980).
  6. Simmrock, K. H., R. Janowsky and A. Ohnsorge, CRITICAL DATA OF PURE SUBSTANCES, Vol. II, Parts 1 and 2, Dechema

Chemistry Data Series, 6000 Frankfurt/Main, Germany (1986).
  7. INTERNATIONAL CRITICAL TABLES, McGraw-Hill, New York, NY (1926).
  8. Braker, W. and A. L. Mossman, MATHESON GAS DATA BOOK, 6th ed., Matheson Gas Products, Secaucaus, NJ (1980).
  9. CRC HANDBOOK OF CHEMISTRY AND PHYSICS, 75th - 78th eds., CRC Press, Inc., Boca Raton, FL (1994-1997).
 10. LANGE'S HANDBOOK OF CHEMISTRY, 13th and 14th eds., McGraw-Hill, New York, NY (1985, 1992).
 11. PERRY'S CHEMICAL ENGINEERING HANDBOOK, 5th and 6th eds., McGraw-Hill, New York, NY (1973, 1984).
 12. Landolt-Bornstein, ZAHLENWERTE UND FUNKIONEN ANS PHYSIK, CHEMEI, ASTRONOMIE UND TECHNIK, Springer-Verlag,

Heidelberg, Germany (1972-1997).
 13. Kaye, G. W. C. and T. H. Laby, TABLES OF PHYSICAL AND CHEMICAL CONSTANTS, Longman Group Limited, London,

England (1973).
 14. Raznjevic, Kuzman, HANDBOOK OF THERMODYNAMIC TABLES AND CHARTS, Hemisphere Publishing Corp., New York, NY

(1976).
 15. Driesbach, R. R., PHYSICAL PROPERTIES OF CHEMICAL COMPOUNDS, Vol. I (No. 15), Vol. II (No. 22), Vol. III (No. 29),

Advances in Chemistry Series, American Chemical Society, Washington, DC (1955,1959,1961).
 16. Vargaftik, N. B., TABLES ON THE THERMOPHYSICAL PROPERTIES OF LIQUIDS AND GASES, 2nd ed., English translation,

Hemisphere Publishing Corporation, New York, NY (1975, 1983).
 17. Rabinovich, V. A., editor, THERMOPHYSICAL PROPERTIES OF GASES AND LIQUIDS, translated from Russian, U. S. Dept.

Commerce, Springfield, VA (1970).
 18. Horvath, A. L., PHYSICAL PROPERTIES OF INORGANIC COMPOUNDS, Crane, Russak & Company, Inc., New York, NY

(1975).
 19. Timmermans, J., PHYSICO-CHEMICAL CONSTANTS OF PURE ORGANIC COMPOUNDS, Vols. 1 and 2, Elsevier, New York,

NY (1950,1965). 
 20. ENCYCLOPEDIA OF CHEMICAL TECHNOLOGY, 3rd and 4th eds., John Wiley and Sons, Inc., New York, NY (1978-1997).
 21. Sax, N. I. and R. J. Lewis, Jr., HAWLEY'S CONDENSED CHEMICAL DICTIONARY, 11th ed., Van Nostrand Reinhold Co., New

York, NY (1987).
 22. Beaton, C. F. and G. F. Hewitt, PHYSICAL PROPERTY DATA FOR THE DESIGN ENGINEER, Hemisphere Publishing



3

Corporation, New York, NY (1989).
 23. THERMOPHYSICAL PROPERTIES OF MATTER, 1st and 2nd eds., IFI/Plenum, New York, NY (1970-1976).
 24. Ho, C. Y., P. E. Liley, T. Makita and Y. Tanaka, PROPERTIES OF INORGANIC AND ORGANIC FLUIDS, Hemisphere Publishing

Corporation, New York, NY (1988).
 25. Verschueren, K.,  HANDBOOK OF ENVIRONMENTAL DATA ON ORGANIC CHEMICALS, Van Nostrand Reinhold,  New  York,

NY  (1996).
 26. Lide, D. R. and H. V. Kehianian, CRC HANDBOOK OF THERMOPHYSICAL AND THERMOCHEMICAL DATA, CRC Press, Boca

Raton, FL (1994).
 27. Bretsznajder, S., PREDICTION OF TRANSPORT AND OTHER PHYSICAL PROPERTIES OF FLUIDS, International Series of

Monographs in Chemical Engineering, Vol. 2, Pergamon Press, Oxford, England (1971).
 28. Lyman, W. J., W. F. Reehl and D. H. Rosenblatt, HANDBOOK OF CHEMICAL PROPERTY ESTIMATION METHODS, McGraw-

Hill, New York, NY (1982).
 29. Reid, R. C., J. M. Prausnitz and B. E. Poling, THE PROPERTIES OF GASES AND LIQUIDS, 3rd ed. (R. C. Reid and T. K.

Sherwood), 4th ed., McGraw-Hill, New York, NY (1977, 1987).
 30. Baum, E. J., CHEMICAL PROPERTY ESTIMATION, Lewis Publishers, New York, NY (1998).
 31. Mackay, D., W. Y. Shiu and K. C. Ma, ILLUSTRATED HANDBOOK OF PHYSICAL-CHEMICAL PROPERTIES AND

ENVIRONMENTAL FATE FOR ORGANIC CHEMICALS, Vols. 1, 2, 3, 4 and 5, Lewis Publishers, New York, NY (1992, 1992,
1993, 1995, 1997).

 32. Yaws, C. L., PHYSICAL PROPERTIES, McGraw-Hill, New York, NY (1977).
 33. Yaws, C. L., THERMODYNAMIC AND PHYSICAL PROPERTY DATA, Gulf Publishing Co., Houston, TX (1992).
 34. Yaws, C. L. and R. W. Gallant, PHYSICAL PROPERTIES OF HYDROCARBONS, Vols. 1 (2nd ed.), 2 (3rd ed.), 3 and 4, Gulf

Publishing Co., Houston, TX (1992,1993,1993,1995).
 35. Zwolinski, B. J. and R. C. Wilhoit, VAPOR PRESSURES AND HEATS OF VAPORIZATION OF HYDROCARBONS AND

RELATED COMPOUNDS, Thermodynamic Research Center, TAMU, College Station, TX (1971).
 36. Boublick, T., V. Fried and E. Hala, THE VAPOUR PRESSURES OF PURE SUBSTANCES, 1st and 2nd eds., Elsevier, New York,

NY (1975, 1984).
 37. Ohe, S., COMPUTER AIDED DATA BOOK OF VAPOR PRESSURE, Data Book Publishing Company, Tokyo, Japan (1976).
 38. Altunin, V. V., V. Z. Geller, E. K. Petrov, D. C. Rasskazov, and G. A. Spiridonov, THERMOPHYSICAL PROPERTIES OF

FREONS, Methane Series, Parts 1 and 2, Hemisphere Publishing Corporation, New York, NY (1987).
 39. Howard, P. H. and W. M. Meylan, eds., HANDBOOK OF PHYSICAL PROPERTIES OF ORGANIC CHEMICALS, CRC Press,

Boca Raton, FL (1997).
 40. Yaws, C. L. and others, Hydrocarbon Processing, 68, 61 (July, 1989).
 41. Yaws, C. L., HANDBOOK OF VAPOR PRESSURE, Vols. 1, 2, 3 and 4, Gulf Publishing Co., Houston, TX (1994,1994,1994,1995).
 42. Yaws, C. L., HANDBOOK OF TRANSPORT PROPERTY DATA,  Gulf Publishing Co., Houston, TX (1995).
 43. Yaws, C. L., HANDBOOK OF THERMODYNAMIC DIAGRAMS, Vols. 1, 2, 3 and 4, Gulf Publishing Co., Houston, TX (1996).
 44. Yaws, C. L., HANDBOOK OF CHEMICAL COMPOUND DATA FOR PROCESS SAFETY,  Gulf Publishing Co., Houston, TX

(1997).

REFERENCES - INORGANIC COMPOUNDS
 1-29. See above REFERENCES - ORGANIC COMPOUNDS
 30. Ohse, R. W., HANDBOOK OF THERMODYNAMIC AND TRANSPORT PROPERTIES OF ALKALI METALS, Blackwell Scientific

Publications, London, England (1985).
 31. Mellor, J. W., INORGANIC AND THEORETICAL CHEMISTRY, original volumes and supplements, Longmans, Green and Co.,

London, England (1956-present).
 32. GMELIN'S HANDBOOK OF INORGANIC CHEMISTRY, original volumes and supplements, Weinheim Verlag Chemie (1966 -

present).
 33. Bailar, J. C., H. J. Emel'eus and A. F. Trotman-Dickenson, COMPREHENSIVE INORGANIC CHEMISTRY, Pergamon Press,

Elmsford, NJ (1973).
 34. Samsonov, G. V., ed., HANDBOOK OF THE PHYSICO-CHEMICAL PROPERTIES OF THE ELEMENTS, Plenum, Washington,

DC (1968).
 35. Barin, I. and O. Knacke, THERMOCHEMICAL PROPERTIES OF INORGANIC SUBSTANCES, Springer-Verlag, New York, NY

(1973).
 36. Yaws, C. L. and others, Solid State Technology, 16 (1), 39 (1973).
 37. Yaws, C. L. and others, Solid State Technology, 17 (1), 47 (1974).
 38. Yaws, C. L. and others, Solid State Technology, 17 (11), 31 (1974).
 39. Yaws, C. L. and others, Chem. Eng., 81 (12), 70 (June 10, 1974).
 40. Yaws, C. L. and others, Chem. Eng., 81 (14), 85 (July 8, 1974).
 41. Yaws, C. L. and others, Chem. Eng., 81 (17), 99 (August 19, 1974).
 42. Yaws, C. L. and others, Chem. Eng., 81 (20), 115 (Sept. 30, 1974).
 43. Yaws, C. L. and others, Chem. Eng., 81 (23), 113 (Oct. 28, 1974).
 44. Yaws, C. L. and others, Chem. Eng., 81 (25), 178 (Nov. 25, 1974).
 45. Yaws, C. L. and others, Chem. Eng., 81 (27), 67 (Dec. 23, 1974).
 46. Yaws, C. L. and others, Chem. Eng., 82 (2), 99 (Jan. 20, 1975).
 47. Yaws, C. L. and others, Chem. Eng., 82 (4), 87 (Feb. 17, 1975).
 48. Yaws, C. L. and others, Solid State Technology, 21 (No.1), 43 (1978).
 49. Yaws, C. L. and others, Solid State Technology, 22 (No.2), 65 (1979).



4

 50. Yaws, C. L. and others, Solid State Technology, 24 (No.1), 87 (1981).
 51. Yaws, C. L. and others, J.Ch.I.Ch.E., 12, 33 (1981).
 52. Yaws, C. L. and others, J.Ch.I.Ch.E., 14, 205 (1983).
 53. Yaws, C. L. and others, Ind. Eng. Chem. Process Des. Dev., 23, 48 (1984).
 54. Yaws, C. L. and others, J. Chem. Eng. Data, 40 (1), 15 (1995).
 55. Yaws, C. L. and others, J. Chem. Eng. Data, 40 (1), 18 (1995).
 56. Yaws, C. L., PHYSICAL PROPERTIES, McGraw-Hill, New York, NY (1977).
 57. Ohe, S., COMPUTER AIDED DATA BOOK OF VAPOR PRESSURE, Data Book Publishing Company, Tokyo, Japan (1976).
 58. Nesmeyanov, A. N., VAPOR PRESSURE OF THE CHEMICAL ELEMENTS, Elsevier, New York, NY (1963).
 59. Boublick, T., V. Fried and E. Hala, THE VAPOUR PRESSURES OF PURE SUBSTANCES, 1st ed., 2nd ed., Elsevier, New York,

NY (1975, 1984).

                                                                                                                                       


