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THE CHEMICAL THERMODYNAMIC
PROPERTIES OF HYDROCARBONS AND
RELATED SUBSTANCES

Properties of the Alkane Hydrocarbons, C, Through C,,
in the Ideal Gas State From 0 to 1500 K

by

Donald W. Scott !

ABSTRACT

Chemical thermodynamic properties for the ideal gas state from 0 to 1500 K
are tabulated for all of the alkane hydrocarbons through C;,. These properties are
based on correlations of the extant data for the entropy, vapor heat capacity, and
enthalpy of formation of individual alkanes and the equilibrium constants of alkane
isomerization reactions.

INTRODUCTION

Values of chemical thermodynamic properties of the alkane hydrocarbons are
useful, not only for predicting equilibria and enthalpy changes of reactions involving
the alkanes themselves, but also as a basis for estimating, by various incremental or
substitution methods, the thermodynamic properties of a great variety of aliphatic
organic compounds. A compilation of chemical thermodynamic properties for the
alkanes is included in ‘‘The Chemical Thermodynamics of Organic Compounds,”
published in 1969 by Stull, Westrum, and Sinke (20). 2 However, for the compounds
C; through C;, this compilation was based on thermodynamic functions from the
1953 compilation of Rossini, Pitzer, Arnett, Braun, and Pimentel (/6), which in
turn was based largely on the 1940 correlation of Pitzer (13, 14) and the 1953 cor-
relation of Person and Pimentel (12). For the C, through C,, compounds, it was
based mainly on thermodynamic functions from the 1949 correlation of Souders,
Mathews, and Hurd (78, 19.) For compounds for which the enthalpy of formation
had not been determined experimentally, it was based mainly on the 1958 correla-
tion of Greenshields and Rossini (8). Thus much of the calorimetric data that have
been obtained for various alkanes within the past 15, 20, or even 30 years was not
used in Stull, Westrum, and Sinke’s recent compilation. Moreover, some of the
values of Gibbs energy of formation are known to be inconsistent with the equilib-
rium constants of isomerization reactions observed experimentally. Thus the desira-
bility of an updated compilation is apparent.

! Research chemist. . .
2 Italicized numbers in parentheses refer to items in the bibliography at the end of this bulletin.
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When American Petroleum Institute Research Project 62 on the “Thermo-
dynamic Properties of Hydrocarbons from Petroleum’ was established in 1966, the
need was recognized for additional data to resolve outstanding discrepancies in the
thermodynamics of the alkane hydrocarbons. The obtaining of such data was in-
cluded in the program of Project 62, and studies were carried out by combustion
calorimetry (5-7), low-temperature calorimetry (4, 10, 17), vapor-flow calorimetry
and vapor-pressure determination. The results of these studies were incorporated
into a correlation of all of the extant data on the thermodynamic functions and
enthalpy of formation and isomerization. A compilation of chemical thermodynamic
properties for the alkanes, based on this recent correlation, is given in this bulletin
for all of the alkane isomers through C, for selected temperatures between 0 and
1500 K. It is intended to fulfill the need for an updated compilation mentioned in
the previous paragraph.

CHEMICAL THERMODYNAMIC PROPERTIES

Values of the chemical thermodynamic properties are listed in tables 1 through
182. They are given at 100 K intervals for temperatures between 200 and 1500 K,
so that values at intermediate temperatures may be obtained by five-point Lagrangian
interpolation or other interpolation formulae for equal intervals of the argument.
They also are given for absolute zero and the special temperatures 273.15 and
298.15 K. The properties listed are the Gibbs energy function, (G°—H,°)/T; the
enthalpy function, (H°—H,°)/7; the enthalpy, H°—H,°; the entropy, S°; the
heat capacity, C,°; the enthalpy of formation, AH,°; the Gibbs energy of formation,
AG,°; and the common logarithm of the equilibrium constant of formation, log;,K;.
The values of AH,° for temperatures other than 298.15 K, and of AG,° and log;K,,
are based on currently accepted values (2) of the thermodynamic functions of
C(c, graphite) and H,(gas).

The units of energy are the thermochemical calorie and kilocalorie, adopted
because of their prevalent usage in chemical thermodynamic calculations. The
tabulated values may be converted to S. I. units by use of the relations, cal=4.184 J
and kcal=4,184 J.

For compounds with two asymmetric carbon atoms, chemical thermodynamic
properties are tabulated separately for each racemic mixture of dextro and levo
isomers (d, /), for each internally compensated meso isomer (meso), and for the
equilibrium mixture of all isomers (equil.).

Methane and ethane were not included in the correlation of the therfnodynamic
functions. For completeness, values for methane compiled by McDowell and Kruse
(9) are included in table 1. Values for ethane, obtained by adding anharmonicity
corrections for two methyl groups to the values compiled by Chao, Wilhoit, and
Zwolinski (/) with the harmonic-oscillator, rigid-rotator, cosine-type internal-rotator
approximation, are included in table 2.

With these two exceptions, correlated values are given exclusively in the tables,
even if calorimetric values available for some of the alkanes differ from the correlated
values (though seldom by more than the estimated experimental uncertainty). The
reason is that the correlation was made as consistent as possible with the available
data on isomerization equilibria, and use of correlated values exclusively favors the
cancellation of errors in equilibrium calculations. As an example, consider the reac-
tion, n-hexane =2-methylpentane. At 298.15 K, the calorimetric data cited in
connection with the correlation yield for the enthalpy and entropy change of the
reaction, AH,°= —1.85 kcal mol~! and AS,°= —1.91 cal K~! mol~!, which give for
the equilibrium constant, K=8.7. The correlated values in tables 9 and 10 yield the
somewhat different values, AH,° = —1.64 kcal mol~! and AS,° = —1.88 cal K~! mol~},
from which K'=6.2. The results of four studies of the isomerization equilibrium
(8, 15, 17, 21) altogether spanning the temperature range 294 to 644 K, yield at
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298.15 K an interpolated value, K=6.8. Thus the correlated values predict an
equilibrium constant closer to what is observed experimentally than do the calori-
metric values.

Another reason for not mixing calorimetric with correlated values is that the
user of the tables is less likely to confuse correlated with calorimetric values and
use them inadvertently in theoretical studies that, in principle, should be based
directly on experiment.

In general, the values tabulated in tables 1 to 182 are rounded to the number of
decimal digits appropriate to the accuracy, or subscripts are used for final digits
retained for purposes of smoothness and internal consistency when the retention
might not be justified by the absolute accuracy. However, as a matter of practical
convenience, a uniform pattern of rounding and subscripting was used throughout
the tables. This pattern may be overly conservative for the lower alkanes for which
there are abundant calorimetric data on which the correlation was based. On the
other hand; it may attribute undue accuracy to the values for the most highly
branched decanes, for which no calorimetric data exist whatsoever. Thus the pattern
of rounding and subscripting is not a completely consistent indication of accuracy.
Nevertheless, it should alert the user of the tables not to attribute unwarranted ac-
curacy to the tabulated values.

The calorimetric data on which the correlation was based all are for tempera-
tures below 600 K. The values in tables 1 to 182, for temperatures between 600 and
1500 K, are subject to the uncertainties inherent in any long extrapolation of physi-
cochemical properties beyond the range of experimental measurement. The de-
creasing reliability with increasing temperature is reflected in the pattern of rounding
and subscripting.

DISCUSSION

Tables 1 to 182 contain 23,660 numerical values, exclusive of those in the first
rows that either are zero or are derivable from the molecular structure. The 23,660
values were generated, by way of the correlation, from only 210 individual items of
experimental data.

These values of chemical thermodynamic properties are intended to be a distinct
improvement over what was available heretofore. However, some remaining de-
ficiencies should not be surprising in view of the more than 100-fold increase of
generated over experimental values. As the data base is broadened and obvious gaps
filled in by future experimental studies, and concomitant advances are made in
theory and in data correlation, still further improvements will be possible.
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