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An estimation method, which was developed by S.W. Benson and coworkers for cal-
culating the thermodynamic properties of organic compounds in the gas phase, has
been extended to the liquid and solid phases for organic compounds at 298.15 K and
101,325 Pa. As with a previous paper dealing with hydrocarbon compounds, com-
parisons of estimated enthalpies of formation, heat capacities, and entropies with
literature values show that extension of the Benson’s group additivity approach to
the condensed phase is easy to apply and gives satisfactory agreement. Correspond-
ing values for the entropy of formation, Gibbs energy of formation and natural log-
arithm of the equilibrium constant for the formation reaction are also calculated
provided necessary auxiliary data are available. This work covers 1512 compounds
containing the elements: carbon, hydrogen, oxygen, nitrogen, sulfur, and halogens in
the gas, liquid, and solid phases. About 1000 references are provided for the litera-

ture values which are cited.

Keywords: enthalpy of formation; entropy; estimation; heat capacity; organic compounds; thermody-

namic properties.
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1. Introduction

The purpose of this paper is to demonstrate that the
estimation of thermodynamic properties of organic
compounds in the condensed phase at 298.15 K and
101,325 Pa can be carried out in a satisfactory manner
using established second-order group-additivity methods.
The second-order group-additivity method, originally
introduced by S.W. Benson and coworkers (S8BEN/BUS,
68BEN, 69BEN/CRU, 69SHA, 71SHA, 73EIG/GOL,
76BEN, 77LUR/BEN, 77SHA/GOL, 77STE/GOL) for
estimating the thermodynamic properties of organic com-
pounds, was developed and used primarily for the gas
phase. This work includes a re-examination of the capa-
bilities for estimation of the thermodynamic properties of
the gas phase to maintain continuity with the condensed
phase and also to introduce changes in group values ne-
cessitated by more recent thermodynamic data available
in the literature.

The coverage of organic compounds includes those
substances containing the elements: carbon, C; hydrogen,
H; oxygen, O; nitrogen, N; sulfur, S; fluorine, F; chlorine
Cl; bromine, Br; and iodine, I. The particular thermody-
namic properties for which groups and group values have
been determined are: enthalpy of formation, A °; heat
capacity, C;; and entropy, S°. The entropy of formation
(AsS°), Gibbs energy of formation (A¢G °), and the natural
logarithm of the equilibrium constant (InKy) for the for-
mation reaction, are calculated as auxiliary properties.

The second-order group-additivity approach has been
generally accepted by physical chemists and chemical
engineers because of the simple basis of additivity, clarity
of notation, second-order character, i.e., inclusion of
nearest-neighbor interactions, ease of application, and
satisfactory agreement between the thermodynamic value
reported in the literature and its estimated value. The
ASTM Chemical Thermodynamic and Energy Release
Program, CHETAH, (74SEA/FRE)) uses these methods
for the estimation of the thermodynamic properties of
organic compounds in the gas phase and for the classifi-
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cation of chemicals or compositions depending upon
whether they are likely to be impact sensitive. The
AIChE Design Institute for Physical Property Data
(DIPPR) Manual for Predicting Chemical Process
Design Data (83DAN/DAU) recommends the second-or-
der group-additivity method (76BEN) for the estimation
of enthalpy of formation, heat capacity, and entropy of
organic compounds at 298.15 K in the gas phase. DIPPR
Project 871 is an experimental project begun to deter-
mine accurate enthalpies of formation and vaporization
of key organic compounds so that reliable gas phase en-
thalpies of formation can be calculated at 298.15 K. The
latter data would then permit either the calculation of
new second-order group-additivity values or the replace-
ment of group values which are based on poor quality
data. The improved or new group values would be used
to upgrade both the DIPPR Data Prediction Manual and
the ASTM CHETAH Program.

With such broad needs for thermodynamic property es-
timation in ASTM and AIChE, we felt that the successful
application of this approach for the gas phase merited an
intensive examination of its application into the con-
densed phase. The approach taken for the evaluation of
thermodynamic data and the path of development of
groups and group values for hydrocarbon compounds
came from our previous paper (88DOM/HEA) in which
a systematic procedure was followed for the selection of
group values which gave minimum residuals between the
literature and calculated values. The n-alkanes from C;
to Cis make up one of the most studied families of com-
pounds and have some of the most pristine values for
AdH°, Cp, and S° of all the families of organic compounds.
They form the basis for the development of the
C—(H)5(C) and C—-(H)2(C)2 group values. From this point,
the group and group value development proceeds to
branched alkanes, alkenes, alkynes, aromatic and ali-
cyclic compounds, CHO compounds (alcohols, ethers,
etc.), CHN compounds (amines, nitriles, etc.}, and on
to CHNO, CHS, CHSO, and organic halogen com-
pounds. Care is needed in the development of group
values because experimental or recommended data have
different degrees of quality and are not homogeneous.
Reduction of data to as common a basis as possible is re-
quired. For combustion data, some previously established
guidelines were used (71DOM). A global least squares,
least sums, or regression-type fit of all the group values
was not performed because of the differences in the qual-
ity of the data, and because of the limited amount of data
available for the generation of certain groups and group
values. The generation of groups and the calculation of
group values was in part manual and in part computer-
assisted. Some computations for average values, average
deviations, or standard deviation were performed using a
desk-top calculator. Others were made using computer
spread-sheet analysis.

The group values generated for the hydrocarbons were
held fixed for the generation of non-hydrocarbon values.
Most of the group values for non-hydrocarbon com-
pounds were generated using the THERM/EST Program
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(NIST Standard Reference Database 18) (90DOM/
HEA?2) by having the group value being sought initially
become part of the residual value. In this procedure, an
unknown group value is calculated, then a value is
assigned to the unknown group, and a final or true resid-
ual value is calculated which excludes the new group
value, but minimizes the final residual value. When a
large number of experimental values were available to
calculate a group value, as with n-alkanes, n-alkanols or
n-alkanethiols, final adjustments were examined with
computer spread-sheet software. Care was taken to
accommodate the adjusted group values when the same
groups were needed for different families of compounds.
For example, the C-(H),(C)(O) group and its group
values are required for alcohols, ethers, esters, and per-

" oxides. Group values for some families or compounds

were generated simply by calculating simple arithmetic
averages because the experimental data were limited to 2
or 3 values. The group C-(H)3(C) is used freely in the
molecular structure representation of compounds be-
cause the value of the methyl group does not change ex-
cept for the physical phase no matter to what it is
attached. Hence, C—-(H)3(C) = C-(H)3(0) = C-(H)s(N)
= C-(H)s(S), etc., and consequently, methanol can be
represented by: C-(H)s(C) + O-(H)(C) rather than:
C-(H)3(0) + O-(H)(C). Appendix 1 lists unique groups
derived from data on individual compounds as their
source.

The compounds for which estimated properties have
been calculated are divided into various organic families
as shown in Table 1. The number of compounds within
each family is indicated. A total of 1512 compounds have
had thermodynamic properties estimated and compared
with a literature value. This total is not exhaustive, but
does represent a sufficiently broad array of organic struc-
tures to demonstrate the applicability of the group addi-
tivity method 1o the condensed phase. Compounds are
listed according to the increasing number of carbon
atoms within each family, but sometimes the carbon
number reverts back to lower values because of the inclu-
sion of certain compounds with secondary or tertiary
substitution, unsaturation, multiple functional groups,
aromatic substitution, or cyclic structures. Table 2 pro-
vides a listing of over 600 groups and energy corrections,
and their corresponding values for AdH°, Cy, and §° for
the gas, liquid, and solid phases. Table 3 offers some
guidance to the definition and interpretation of organic
groups for persons not accustomed to the notation in
Table 2.

Thermodynamic properties for 1512 compounds are
shown in Tables 4 through 54 and contain the following
information: the title of the organic family, the number of
compounds included in that family, individual compound
name(s), formula of the compound, the organic groups
which comprise the structure of the compound, symmetry
number, ¢, and optical isomers, m. Thereafter, each
phase is treated separately, gas, liquid, and solid. Prop-
erty symbols Ag7° (in kJ/mol), C; (in J/mol'K), and §° (in
J/mol'K} appear in the extreme left column. Next, the ex-
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perimental or recommended values are also given, when
available, and entered under the column, “Literature”.
The property value derived from summing the group val-
ues is given under the column, “Calculated”, so that a dif-
ference or residual value may be calculated and shown
under the column, “Residual”. The residual offers an in-
dication of how close the estimated value comes to the
one determined experimentally or to the one derived
from an evaluation of a collection of literature data. If the
appropriate group values are available so that the en-
thalpy of formation and entropy can be estimated, we
also provide the entropy of formation, AsS° (in J/mol-K),
Gibbs energy of formation, A:G° (in kJ-mol™"), and the
logarithm of the equilibrium constant for the formation
process, InK;. In order to calculate the entropies of for-
mation at 298.15 K and 101,325 Pa, the entropies of the
clements in their standard statcs arc needed as well as
the entropies of the respective compounds. The entropies
of the elements at 298.15 K and at 101,325 Pa have been
obtained from (89COX/WAG) and are as follows in J/
mol-K: carbon (cr,graphite), 5.740; H; (gas), 130.571; O;
(gas), 205.043; N (gas), 191.500; S (cr, rhombic), 32.054;
F, (gas), 202.682; Cl, (gas), 222.972; Br; (liquid), 152.21;
I (cr), 116.14. Estimation of the entropy in the gas phase
requires a —RlIno term where o is the total symmetry
number of the molecule and R is the universal gas con-
stant (R = 8.31451 J/mol-K). The total symmetry number
of the molecule is divided into two parts: the internal
symmetry number and the external symmetry number.
The definitions of the latter symmetry numbers and sev-
eral example calculations of symmetry numbers can be
found in (88DOM/HEA). Estimation of the gas phase en-
tropy also requires accounting for optical isomers as the
molecular structure dictates with a Rlnm term, where
indicates the number of such isomers. Since this work
deals with data at only one temperature, 298.15 K, no dis-
tinction is made between the heat capacity at constant
pressure, Cy, and the saturation heat capacity, Car.
Reference squibs appear in the extreme right column
of the tables under the heading “References”; The squibs
are of the type XXAAA/BBBN for each property in each
of the phases and correspond to entries under the column
“Literature”. In this squib notation, XX denotes the last

two digits of the year of publication of the paper, AAA,’

the first three letters of the last name of the first author,
" and BBB, those of the last name of the second author (if
present). Authors after the first two are not noted. The
numeral, N, at the end of the squib is present only when
the authors have more than one paper published in a
given year. Table 55 provides a summary of the residuals
for each family which offers some global insight into the
agreement realized between literature and calculated val-
ues. The residuals have been divided into those for Ad{°
which were < =4, > £4 but < =8, and > =8 kJ'mol %
Similarly, for C;’ and §°, the residuals have been divided
into those which were < x4, > £4but < +8,and > £8
J/molK. Table 56 shows an alphabetical compound
name-formula index which provides the CAS registry
number, family in which the compounds may be found, its
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listing or rank within the given family, and the page on
which data for the compound appears. A bibliography
given in Table 57 with about 1000 references links refer-
ence squibs in Tables 4 through 54 to literature citations.
We have examined the original reference sources for
data on the enthalpies of formation, heat capacities, and
entropies for almost all of the compounds. The thermo-
dynamic tables compiled by Stull, Westrum, and Sinke
(69STU/WES, 69STU/WES2) have been used for many
of the literature gas phase heat capacities and entropies.
We have also used some general thermodynamic refer-
ence sources to find original sources in certain cases
(70COX/PIL, 71ZWO/WIL, 72DOM, 77PED/RYL,
84DOM/EVA, 85MAJ/SVQ, 86TRC, 86TRC2, 86PED/
NAY, 9ODOM/HEA). Over 3700 comparisons between
literature and calculated values are shown for Ad°, C;,
and §° in the gas, liquid, and solid phascs. Approximately
half of the comparisons are for the condensed phase.
Interpretation is occasionally required when a refer-
ence squib is designated for a specific property. For ex-
ample, a reference squib denoted for A¢H° in the gas
phase may not actually provide that specific property, but
will report an enthalpy of vaporization at 298.15 K which
when added to Ad° in the liquid phase, will then be
equal to the designated experimental or recommended
A °(gas) value. Similarly, a reference squib denoted for
A¢H°(solid) may not contain the actual AsH° property for
the solid phase, but does report the AH® for the fusion or
melting of the compound. When the latter is corrected
from the melting temperature to 298.15 K and combined
with AdH°(liq) at 298.15 K, one obtains the Ad7°(solid)
value. Despite concerns related to the estimation of ther-
modynamic properties for solid substances, we typically
find good agreement between literature and calculated
values. Common doubts about the ability to develop a
predictive scheme for solid substances arise because
some organic compounds have many crystalline forms in
the proximity of the melting point. The second-order
group-additivity approach does have its limits. We expect
that the predicted solid phase at. 298.15 K is the same as
the stable form encountered experimentally at 298.15 K.
For organic compounds with multiple crystalline phases
and solid-solid transitions, as found with the Cy3, Cy4, and
Cis 1-alkanols, the group additivity approach provides
only a limited value for the thermodynamic property. We
do not feel that this limitation diminishes the overall use-
fulness of prediction of this method for solid organic sub-
stances. Appendix 2 shows that internal consistency does
exist when comparisons are made between literature val-
ues for enthalpies and entropies of fusion and enthalpies
of vaporization and the estimated differences for
[AHC(solid) — A#°(liq)], [S°(solid) — S°(liq)], and
[AsH°(liq) — AdH°(g)], at 298.15 K. Differences between
literature values for enthalpies and entropies of fusion
corrected from the melting temperature to 298.15 K and
[AH (solid) — AgH°(liq)] and [S°(solid) —S°(lig)] yield
average deviations of +2.7 kJ.mol™! and +4.7 J/molK,
respectively. A similar comparison between literature val-
ues for the enthalpy of vaporization corrected to 298.15 K
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and [AH°(liq) — Ad1°(g)] gives an average deviation of
+1.6 kJ-mol %,

The quality of the groups and group values can be eval-
uated by examining the magnitude of the difference (or
residual) which is observed between the literature and
calculated values for a specific property in a given physi-
cal phase. For AdH°, differences within =4 kJ/mol consti-
tutes very good or satisfactory agreement, those which
are between =4 and +8 kJ/mol are at the limits of ac-
ceptability, and differences which are greater than +8
kJ/mol are symptomatic of a problem. The occurrence of
differences larger than =+ 8 kJ/mol are usually due to poor
quality literature data or to a neglected molecular inter-
action, both of which can lead to the incorrect assignment
for a group value. A similar situation applies to heat ca-
pacity and entropy differences. When differences within
+4 J/mol’K occur, the agreement is considered very
good, when they are between =4 and =8 J/mol'K, the
agreement is acceptable, and when the differences are
greater than =8 J/mol-K, they reflect a problem, which
similarly can be related to poor quality data or to a ne-
glected molecular interaction, and can lead to the selec-
tion of an incorrect group value.

Certain molecules such as methane, methanal, acetoni-
trile, nitromethane, and the methyl halides are precluded
from the rules of group additivity because they are struc-
turally comprised of only one group and, hence, their
group value is equivalent to the corresponding property
value in each of the phases. We have included a number
of such substances at the beginning of some of the or-
ganic families for comparison purposes. When needed for
various calculations, the 1989 table of atomic weights was
used (91DEL/HEU).

2. Discussion of Results
2.1. Hydrocarbon Compounds

The hydrocarbon compounds and thermodynamic
properties appearing in 88DOM/HEA are also presented
here as well as the calculation of the entropy of forma-
tion, Gibbs energy of formation, and equilibrium con-
stant for the formation reaction. A total of 48
hydrocarbon compounds has been added which have cre-
ated more groups and group values. A small number of
groups and group values appearing in 88DOM/HEA have
also been modified. Hydrocarbons comprise the most
studied single famly of organic compounds from a ther-
modynamic standpoint and form the foundation for the
development of groups and group values not only within
hydrocarbons themselves but also for non-hydrocarbon
compounds. Thermodynamic property comparisons be-
tween hydrocarbons and non-hydrocarbons permit one to
test whether additivity is being preserved, whether molec-
ular forces are interacting, or whether the literature val-
ues may be suspect.

The hydrocarbon compounds examined have been
divided into eleven families: n-alkanes, t-alkanes,
g-alkanes, n-alkenes, s-alkenes, alkynes, aromatic

CH-01, aromatic CH-02, cyclic CH-01, cyclic CH-02,
and cyclic CH-03. These families contain thermodynamic
property estimates for a total of 427 hydrocarbon com-
pounds and are found in Tables 4 through 14. An exam-
ination of the 532 comparisons between literature and
calculated values for AJ#7° shows that 70 percent of the
residuals are < x4 kI/mol, 17 percent are > *4 but
< =8 kJ/mol, and 13 percent are > =8 kJ/mol. For C;
with 361 comparisons, we find 85 percent of the residuals
< =4 J/mol'K, 8 percent > =4 but < =8 J/mol'K, and 7
percent > =8 J/mol'K. Similarly, for S$° with 338 com-
parisons, we find 76 percent of the residuals <=4 J/
molK, 16 percent > =4 but < +8 J/mol'K, and 8 percent
> *8 J/mol'K.

A novel approach for dealing with branched alkanes

- has been described in (88DOM/HEA) for tertiary and

quaternary carbon atoms in hydrocarbon compounds. It
corrects for the repulsive interactions of hydrogen atoms
on methyl groups attached to tertiary or quaternary car-
bon atoms and improves the agreement between litera-
ture and estimated values. The corrections for methyl
repulsion in branched hydrocarbons have been developed
only for A¢H° at 298.15 K. It accommodates the observa-
tion that as branching increases for an isomeric hydrocar-
bon, the A value becomes more negative (e.g., AdH s
for isomeric pentanes). A summary of this approach can
be found in (88DOM/HEA).

Except for n-hexacosane, residuals calculated from lit-
erature and calculated values for C; and S° for n-alkanes
with carbon atoms Cy and higher are large, but do not

" come from recent calorimetric investigations. We suggest

that some re-determination and confirmation is needed
for the C; and S° values for these hydrocarbon com-
pounds.

2.2. Organic Oxygen Compounds

After hydrocarbon compounds, organic oxygen com-
pounds are the next most abundant category of organic
substances for which thermodynamic data are available.
The CHO compounds have been divided into 11 families:
alcohols, ethers, aldehydes, ketones, acids, anhydrides,
esters, peroxides, hydroperoxides, peroxyacids, and car-
bonates, and are found in Tables 15 through 25. These
tables contain thermodynamic property estimates for 381
CHO compounds. An examination of 570 comparisons of
literature and caloculated values for AgH° shows that 62
percent have residuals which are < %4 kJ/mol, 18 per-
cent are > *4 but <8 kJ/mol, and 20 percent are
> £8 kJ/mol. Residuals for C; show that 72 percent are
< =4 J/mol'K, 15 percent are between > =4 and < +8
J/mol'K, and 13 percent are > +8 J/mol-K. For S°, 72
percent of the residuals are < x4 J/molK, 16 percent are
> +4 but < +8 J/mokK, 12 percent are > %8 J/mol'K.

Comparison of literature and calculated values for
AH®, Cp, and S° shows that for primary alcohols the
agreement is reasonably good. However, initial agree-
ment between literature and estimated values for sec-
ondary and tertiary alcohols was not as good as with
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primary alcohols. We found that significantly smaller
residuals resuited for secondary and tertiary alcohols if a
methyl repulsion correction was applied for tertiary or
quaternary carbon atom attached to an oxygen atom.

Agreement between literature and calculated values
for secondary aliphatic alcohols, diols, triols, and tetrols
for AsH°, C, and S° are somewhat inconsistent. Large
residuals occasionally appear but do not seem to show a
consistent trend. The residuals for some phenolic com-
pounds can be improved with the application of an ortho
correction for OH-OH interactions. Some of the litera-
ture data are not recent and may be suspect.

We found that better agreement between literature
and calculated values was obtained if separate
C-(H)(C)2(0) and C~(C)3(0O) groups were assigned to
alcohols and peroxides, and another for ethers and esters,
rather than having global groups for all of the organic
oxygen families. Hence, this separation is indicated in the
list of groups and group values in Table 2 and under each
compound in Tables 4 through 54 in the structural group
notation.

Literature and calculated values for A¢H°, C7, and S°
for ethers and ketones show generally good agreement.
This is possible because of a significant quantity of good
quality data in the gas and condensed phases.

For aldehydes, agreement between literature and
calculated values for AdH°,C;, and S° in the gas phase are
generally satisfactory. Although satisfactory agreement is
found for Ad1°(liq), agreement for C; and S°in the liquid
phase is poor. The Cp and §° data of S6PAR/KEN at
298.15 K for butanal and heptanal in the liquid phase
reflect the expected linear relationship when n-alkanals
increase by a CH; group. The recent data reported for
ethanal by 88LEB/VAS, propanal by 77KOR/VAS,
butanal by 89VAS/LEB, hexanal by 91VAS/BYK, and
heptanal by 83DYA, 84VAS/PET indicate that the rela-
tionship for 1-alkanals in the liquid phase is neither linear
nor smooth. These authors describe anomalies in the lig-
uid phase which they have found to be due to association
in 1-alkanals through hydrogen bonds. The group values
we have chosen are based on linearity, hence, significant
deviation are reflected in the large residuals which occur.

We have found some large differences between the lit-
erature and calculated values for Ad{° and C; for dibasic
acids in the gas and solid phases. It is not clear whether
these residuals are due to hydrogen bonding in dibasic
acids, odd-even carbon atom effects, the need for a group
correction factor, poor experimental data, or most of the
above. A significant amount of these data were reported
in the 1920’s. It may be possible that the odd-even rela-
tionship which is observed for the melting temperatures
of dicarboxylic acids is similarly reflected in their thermo-
dynamic properties. A large fraction of the residuals in
AgH’s for the dibasic acids are > =8 kJ/mol.

The experimental AJ{° values for 1-naphthoic and
2-naphthoic acid differ from each other by 9.4 kJ/mol in
the gas phase and 12.4 kJ/mol in the solid phase. Exami-
nation of the structures of these acids by 74COL/ROU
indicates that 2-naphthoic acid is planar, but 1-naphthoic
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acid is twisted 11° out of the naphthalene plane due to
overcrowding, hence, these structural differences account
for the observed energy differences.

Corrections have been developed for ortho and meta
interactions between two or more carboxylic acid groups
in aromatic acids. Similar corrections were developed for
interactions between methoxy and carboxylic acid groups.
In some instances, a clear interaction correction was not
developed because the nature of the interaction between
adjacent or near-adjacent groups could not be inter-
preted clearly, and/or the quality of the experimental
data did not allow an interpretation. In these cases, we
applied the ortho and meta corrections developed for

hydrocarbon compounds.

Difficulty in resolving the agreement between litera-
ture and calculated Ad7° values for benzoic anhydride
with aliphatic anhydrides led to the development of sepa-
rate groups for O—(CQO)2 and corresponding attachments
to aliphatic and aromatic substituents. They are listed in
Table 2 as: O—(CO)2, aliphatic and O-(CO)2, aromatic.

Thermodynamic property data on peroxides, hydroper-
oxides, and peroxyacids are limited to enthalpies of for-
mation. From time to time, agreement between AJ°
experimental and calculated values is poor. This situation
is due to a lack of high quality data on these substances
and is understandable because of their explosive and
thermally sensitive character. The preparation of suffi-
cient amounts of high purity samples of thermally sensi-
tive substances places a very high demand upon any
research effort.

The unusually large difference between the literature
and calculated AH° for diacetyl peroxide (DAP) in the
liquid phase (see Table 21, 38.66 kJ/mol) may be due to
the instability of the compound. Because of its instability,
bomb calorimetric experiments on diacetyl peroxide were
performed on a toluene solution (37.53 wt% DAP,
62.47wt% toluene; 57JAF/PRO). Bomb calorimetric ex-
periments were made at only one concentration of DAP
in toluene, hence, dilution errors or analytical errors can-
not be easily detected. Examination of the experimental
and calculated values for dipropionyl and dibutyryl per-
oxides shows their residuals to be satisfactory.

The differences found between the literature and esti-
mated values for peroxy acids are large. The groups de-
veloped for the family appears to be the best that can be
assembled. If some re-determinations of the thermody-
namic properties for peroxy acids can be made, smaller
residuals may result.

2.3. Organic Nitrogen Compounds

Literature and estimated thermodynamic properties on
organic nitrogen compounds have been divided in seven
CHN families and nine CHNO familes. The families
which comprise the CHN compounds are: amine, imines,
nitriles, hydrazines, diazenes, azides, and cyclic CHN
compounds and are found in Tables 26 through 32. A to-
tal of 137 CHN compounds are shown. Agreement be-
tween experimental and calculated values shows 84
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percent of the residuals for Ad4° to be < x4 kJ/mol, 10
percent of the residuals for Ad° to be < =4 kI/mol, 10
percent are > =4 but < *8 kJ/mol, and 6 percent are
> +8 kI/mol. For C;, 85 percent of the residuals are
< =4 J/molK, 7 percent are > *4 but < x8 J/mol-K,
and 8 percent are > *8 J/mol-K. With respect to §°, 77
percent of the residuals are < =4 J/mol'K, 15 percent are
>+4 and < =8 J/molK, and 4 percent are > =8 J/
molK.

The families which comprise the CHNO compounds
are: amides, ureas, amino acids, nitroso, nitro, nitrites, ni-
trates, nitramines, and cyclic CHNO compounds. A total
of 171 CHNO compounds are shown in Tables 33
through 41. Comparison of literature and calculated val-
ues show that for A¢H° residuals, 68 percent are < *4
kJ/mol, 11 percent are > +4 but < =8 kJ/mol, and 21
percent are > =8 percent. For C;, 80 percent of the
residuals are < =4 J/mol'K, 6 percent are < *4 but
> * 8 J/mol'K, and 14 percent are > * 8 J/mol'K. For §°,
69 percent are < x4 J/molK, 10 percent are < x4 but
> +8 J/mol'K, and 21 percent are > =8 J/mol-K.

From an initial examination of the differences between
the literature and calculated values, the CHN family ap-
pears to be amenable to prediction. We have applied the
—CH; quaternary correction for alkane branching to ni-
trogen atoms in tertiary amines, N,N-dimethylsubstituted
amides, and N,V -dimethylsubstituted ureas because bet-
ter agreement resulted between experimental and esti-
mated values. A corresponding application of the —~CH;
tertiary correction to nitrogen atoms in secondary
amines, N-methylsubstituted amides, or N-methyl substi-
tuted ureas was not used because it did not lead to signif-
icantly smaller differences between experimental and
estimated values.

Comparison of the experimental A¢{° for the solid
phase of acetamide with the estimated value shows a dif-
ference of —10.41 kJ/mol. This difference is larger than
one would like. However, anomalous behavior has been
reported for crystalline acetamide due to its tendency to
supercool (86EMO/NAU). Acetamide forms an unstable
solid phase along with a stable form. The stable and un-
stable forms have melting temperatures of 353.5 K and
342,15 K, and enthalpies of melting of 15.6 and
12.5-12.9 kJ/mol, respectively.

The estimation of the thermodynamic properties of
amino acids and peptides in the solid phase is a particu-
larly challenging task. Some amino acids have been the
subject of a significant amount of calorimetric study;
glycine and hippuric acid are examples. Other amino
acids as well as peptides have received only limited calori-
metric attention. There is a mixture of high quality,
medium quality, and limited quality data on these com-
pounds. Other challenges included accounting for the
dipolar nature of amino acids, and identifying differences
when possible between (DL) racemic and optically active
(R or D, and S or L) isomers. Because the enthalpy of
combustion and formation of glycine has been so fre-
quently determined, we have used the experimental val-
ues for this amino acid and the corresponding data on

glycylglycine as the basis for deriving the C-(H)2(CO)(N)
group and group value and the energy correction for the
dipolar nature or zwitterion character of aliphatic amino
acids. Since the zwitterion nature of amino acids and pep-
tides is a unique property and not prominent in the other
organic nitrogen compounds treated in this paper, a sep-
arate identification and energy correction was warranted.
The establishment of the zwitterion energy correction
also allows the C-(H)2(CO)(N) group to have property
values not seriously divergent from those groups such as
C-(H)2(C)2, C-(H)2(C)(CO), and C-(H)2(C)(N). The
zwitterion energy correction for solid aliphatic amino
acids and peptides for AH°, C2, and S° are —55.10
kJ/mol, —44.50 J/mol'K, and —13.40 J/mol’K, respec-
tively. Using similar reasoning, a zwitterion energy cor-
rection was developed for amino acids and peptides
containing an aromatic ring, but required differentiation
between situations in which a ~CHx- group breaks the
conjugative nature of the aromatic ring from its linkage to
the a-carbon of an amino acid or peptide. For these
cases, the zwitterion energy is designated as “aromatic I”’
and was derived from AgH°(solid) data for phenylalanine
and phenylalanine peptides; the zwitterion energy correc-
tion (for aromatic I) for AdH°, C;, and S° are —32.00
kJ/mol, —20.50 J/mol'K, and —13.00 J/mol'’K, respec-
tively. For situations in which the aromatic ring of an
amino acid or peptide is bonded directly to amino groups
or to carboxylic acid groups where the influence to ring
conjugation should be stronger than it is for phenylala-
nine derivatives, a second aromatic zwitterion energy cor-
rection was derived to accommodate the estimation of
the aminobenzoic acids, hippuric acid, and hippuryl-
glycine, and designated as “aromatic II”’; the zwitterion
energy correction (for aromatic II) for AdH°, C;, §° are
—11.00 kJ/mol, 5.00 J/mol'K, and —9.00 J/mol'K, respec-
tively. These group values are also found in Table 2.
Agreement between literature and estimated values is
variable. Future reconciliation of the large residuals may
result from more precise calorimetric determinations of
certain amino acids and peptides as well as some re-ad-
justment of group values. Better agreement was obtained
between literature and estimated values when
N~(H)2(CO) and N-(H)(C)(CO) groups were developed
separately for amides and ureas in comparison to amino
acids and peptides. At this time, it is not clear whether
the better agreement is a function of differences in the
molecular structure of these organic families or whether
more accurate experimental data will offer new changes
to their estimation.

The residual value for A ° (solid) for nitrosobenzene
is large, —85.65 kJ/mol. The group, CB-(NO), and corre-
sponding A#H° group values, were derived from experi-
mental data on 4-npitroso-1-naphthol. The AH°
experimental data for 4-nitroso-1-naphthol (68HAM/
FAG) are more reliable than those for nitrosobenzene
(30DRU/FLA). The large residual for nitrosobenzene is
probably due to either sample purity or to difficulties
with experimental bomb calorimetric procedures, or
both.
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As the development of the second-order group additiv-
ity approach to the estimation of thermodynamic proper-
ties (S7BEN/BUS, 69BEN/CRU) began, the enthalpy of
formation of the benzene (C¢Hs) molecule was divided by
six to derive the group value for AdH° Cg—~(H)(Cg). group
in the gas phase. In this division, the resonance or conju-
gation energy of benzene (~150 kJ-mol~") had also un-
dergone a corresponding division. We have attempted to
extend this concept to pyridine and have introduced the
N—(Cg) group which not only includes the energy content
for a property, but also the corresponding component of
the conjugation energy which resides in the pyridine
molecule. Reasonable success was achieved for pyridine
and substituted pyridines in Table 32. The further exten-
sion of this concept to five-membered ring systems be-
comes a more difficult task when they possess an intrinsic
and sizeable conjugation energy, but in addition, contain

a significant amount of strain energy. This situation is

true for five-membered systems such as furan, pyrrole,
and thiophene. We have treated the carbon atoms in
these five-membered ring systems as benzene carbon
atoms, using the Cag—(H)(Cs). group, because their conju-
gation energies are in the range from 65 to 120 kJ:mol 1.
As a result of this treatment, the A¢H° ring strain correc-
tions (rsc) for furan, pyrrole, and thiophene appear as
negative values. In contrast, the conjugation energy in
1,3-cyclopentadiene is small when compared with its ring
strain energy and its structural description has been
assembled using Co—(H)(Cs) and Ce—(H)(C) groups
rather the Ce—(H)(Cs). group.

2.4. Organic Sulfur Compounds

The families which comprise the CHS and CHSO com-
pounds are: thiols, sulfides, disulfides, sulfoxides, sul-
fones, sulfites, sulfates, and cyclic CHS compounds. A
total of 138 CHS and CHSO compounds are shown in
Tables 42 through 49. Agreement between literature and
calculated values shows 80 percent of the residuals for
Ad° to be < +4 kJ-mol™, 14 percent of the residuals to
be > =4 but < =8 kJ'mol~!, and 6 percent to be > =8
kJ-mol~. For Cp, 92 percent of the residuals are < *4
J-mol~"“K"', 7 percent are > =4 but < x8 Jrmol~ K™,
and 1 percent are > =8 J-mol™ K™, For §°, 87 percent
of the residuals are < +4 J-mol K™!, 7 percent are
> +4 but < +8 Jmol "K"!, and 6 percent are > +8
Jrmol~ K%,

Excluding hydrocarbon compounds, organic sulfur
compounds containing the elements C, H, and S stand
out as offering an extremely high quality array of experi-
mental thermodynamic values for AiH°, C7, and S°. The
establishment of this high quality array of data on CHS
compounds is due to the need of the petroleum industry
to understand the thermochemistry of organic sulfur
compounds because of their presence in petroleum and
because of the need to understand their energetics and
equilibrium properties in petroleum refining. Much of
the effort to establish high quality thermodynamic data
for this class of organic compounds resulted from an ex-
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perimental effort which took place at the U.S. Bureau of
Mines Thermodynamics Laboratory in Bartlesville, OK
(now called the National Institute for Petroleum and
Energy Research (NIPER)) and at the Thermochemical
Laboratory at Lund University, Lund, Sweden. The de-
velopment of a high precision rotating bomb calorimeter
was a key accomplishment which has led to the determi-
nation and publication of extemely precise and accurate
thermodynamic properties for CHS compounds. A rotat-
ing-bomb calorimeter is needed because the final state of
sulfur as an aqueous sulfuric acid solution is not homoge-
neous in its dispersal throughout the interior of the static
combustion bomb and is energetically uncertain. An im-
portant phase of the research effort focused on the
establishment of the enthalpies of formation of aqueous
sulfuric acid in various states of dilution. These A s
were then applied toward the identification of the final
state of sulfur in the bomb combustion process for
organic sulfur compounds. This feature is important
because the energeltics of the final thermodynamic state
of the combustion process must be clearly and precisely
defined. Without a knowledge of the final state of sulfur
in the form of an aqueous sulfuric acid solution for the
combustion reaction, highly precise and accurate data
would not be available. For additional information, the
reader should examine 56ROS, 62SKI, and 79SUN/
MAN.

The research effort in the two laboratories at
Bartlesville and Lund was responsible for publication of
high quality data available on organic sulfur compounds
in the chemical literature and the subsequent good agree-
ment found here between experimental and estimated
values as presented in Tables 42 through 49,

Collectively, the residuals shown for thiols and sulfides
are very small. Of the organic sulfur families, sulfones ap-
pear to be less well-behaved, but agreement here be-
tween experimental and estimated values is still
reasonably good.

2.5. Organic Halogen Compounds

The families which comprise the CHX and CHXO
compounds are: fluorides, chlorides, bromides, iodidcs,
and mixed halogen compounds. A total of 258 halogen
compounds are shown in Tables 50 through 54. Agree-
ment between experimental and calcnlated values shows
54 percent of the residuals for AH° to be < +4 kJ-mol~,
17 percent to be > +4 and < =8 kJ-mol~!, and 29 per-
cent to be > =8 kJmol™. For C;, 76 percent of the
residuals are < 4 J-mol~“K~?, 11 percent are > *4 but
< =8 kJ-mol™!, and 13 percent are > =8 Jmol K™’
With respect to $°, 70 percent are < 4 J-mol™K™!, 17
percent are > x4 but < +8 J-mol~“K~!, and 13 percent
are > *8 J-mol K.

In contrast to hydrocarbons and organic sulfur
compounds, the thermodynamic properties of organic
halogen compounds are collectively not known as pre-
cisely. In addition, halogen-halogen interactions operate
which require interpetation. When these interactions
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are overlooked, they tend to make the differences be-
tween literature and estimated values larger than they
should be.

The use of a rotating bomb calorimeter for the deter-
mination of enthalpies of combustion and for the deriva-
tion of enthalpies of formation is needed for organic
halogen compounds. The enthalpy of formation of the fi-
nal state of the hydrohalogen acid in aqueous solution
must be determined in order to have a defined thermody-
namic final state for the combustion process. Additional
problems prevail with organic chlorine compounds in that
they form about 15-20% elemental gaseous chlorine, Cl,,
and about 80-85% HCI in aqueous solution during the
bomb combustion. A reducing agent such as a solution of
arsenious oxide must be added to the combustion bomb

prior to its closure with the sample so that the Cl; is con-

verted to Cl~ and enters the aqueous solution. Similarly,
without a reducing agent, organic bromine compounds
form about 80-85% bromine, Brs, and 15-20% HBr in
aqueous solution. Aqueous arsenious oxide reduces the
Br, to aqueous HBr during the oxidation reaction when
the reducing agent is added to the bomb prior to closure.
The combustion process for organic fluorine compounds
give aqueous HF as the only fluorine combustion product
while organic iodine compounds yield crystalline elemen-
tal iodine as the singular iodine-containing product. For
additional information, the reader should examine
56ROS, 62SKI, and 79SUN/MAN.

The large differences between the experimental and

estimated values for A& °(gas) and Ag{°(solid) for

decafluorobiphenyl (322.8 and 337.84 kJ-mol™!, respec-
tively) are not easily explained. The study reported by
79PRI/SAP2 for the combustian of Cy:F,p indicates that
CO,, CF,, and F; are the only products of combustion in
excess oxygen. Several reasons may explain the large dif-
ferences. Possible explanations include: the energy
corrections for the interactions between fluorine atoms in
Ci,F1 may be different than those which are currently
viewed; or, the quantitative determinations of the CF,
and F; as combustion products may be in error.

We have attempted to correct for the interactions
between halogen atoms in the various halogen families
using cis-, ortho, or meta corrections, but success here is
limited.

2.6. Comparison with an Extended Second-order
Group Additivity Scheme

An extended multi-parameterized second-order group-
additivity estimation scheme has been developed by 1.B.
Pedley and co-workers (86PED/NAY).

The Pedley scheme is limited to the estimation of
enthalpies of formation of organic compounds at 298.15
K in the gas phase. The additional parameterization
accounts more comprehensively for nearest- and next-to-
nearest neighbor interactions than the estimation scheme
developed by S.W. Benson and co-workers and uwsed in
this work.

The details of the Pedley scheme are discussed in a
cursory manner in Appendix 3 and more fully in 86PED/
NAY. A comparison of estimated values from the Pedley
scheme and that used in this work has been made for 20
hydrocarbons and 20 organic oxygen compounds. The re-
sults indicate that differences between literature and esti-
mated values are about the same for the two groups of

- compounds tested.

2.7. Summary and Conclusions

We have demonstrated the successful extension of the
second-order group-additivity method for the estimation
of Ad1°, C;, and §° at 298.15 K to liquid and solid organic
compounds. A re-examination of group values for the gas
phase was performed in order to maintain internal
consistency with the condensed phase. This work has
been carried out for 1512 organic compounds containing
the elements carbon, hydrogen, oxygen, nitrogen, sulfur,
and halogens. A total of over 3700 comparisons between
literature and estimated values have been made for AH°,
Cy, and S° in the gas, liquid, and solid phases. Overall, for
the compounds caovered, the estimation of AH° showed
that 67 percent of the residuals were < *4 kJ-mol~!, 16
percent were > =4 but < +8 kI'mol™!, and 17 percent
were > *8 kJ-mol~'. Values for C; showed that 80 per-
cent of the residuals are < x4 J-mol~*K™!, 10 percent
are >=*4 but <+8 J-mol™K~!, and 10 percent are
> =8 J-mol "K', Values for $° show that 76 percent of
the residuals are < =4 J'mol~"“K~', 14 percent are > +4
but <+8 Jmol ™K™', and 10 percent are > x8
Jmol~LK~1,

The gronps and group values developed in this work
should be helpful to thermochemists and chemical engi-
neers for the estimation of enthalpies of formation, heat
capacities, and entropies at 298.15 K and 101,325 Pa
when their needs for predicted values of these thermody-
namic properties arise. This estimation technique can
also be used to establish whether a new experimentally
determined value for AH®, C;, or §° comes within the
range of expectations of group additivity as dictated by
the experience already shown with this method.

Comparisons in Appendix 2 between literature values
for the enthalpy and entropy of fusion and the enthalpy
of vaporization, corrected from either T, or Ty
to 298.15 K, with corresponding differences [AdH °(solid)
- Ad°(lig)], [S°(solid) — S°(lig)], and [AdH°(liq) —
Ad1°(g)], respectively, show that internal consistency
does exist for the compounds tested.

The limited comparison of hydrocarbon and oxygen-
containing compounds in Appendix 3 suggest that the
extra effort taken in the Pedley scheme to account for
nearest- and next-to-nearest neighbor interactions may
have either a very small or even negligible effect upon
reducing the degree of differences between literature and
estimated values for enthalpies of formation at 298.15 K
in the gas phase.
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3. Tables of C-H-N-O-S-Halogen Compounds

TABLE 1. Summary of tables of C-H-N-O-S Halogen Families

Table 1. C-H-N-O-S-Halogen Families
Table 2. Listing of Groups and Group Values
Table 3. General Definitions and Examples of Notations
for Molecular Groups
Hydrocarbon Compounds

Table Name Description No. of Compounds
Table 4. n- Alkanes normal alkanes 25
Table 5. t- alkanes tertiary branched alkanes 35
Table 6. g- Alkanes quaternary branched alkanes 16
Table 7. n-Alkenes linear alkenes 32
Table 8. s-Alkenes branched alkenes 34
Table 9. Alkynes alkyne hydrocarbons 28
Table 10. Aromatic CH-01 aromatic hydrocarbons 42
Table 11. Aromatic CH-02 aromatic hydrocarbons 80
Table 12. Cyclic CH-01 cyclic hydrocarbons 40
Table 13. Cyclic CH-02 cyclic hydrocarbons 48
Table 14. Cyclic CH-03 cyclic hydrocarbons 47

Total Hydrocarbon compounds 427

CHO Compounds

Table Name Description No. of Compounds
Table 15. Alcohols alcohols, diols, triols, phenols 69
Table 16. Ethers linear, branched, and cyclic ethers 52
Table 17. Aldehydes aldehydes 16
Table 18. Ketones ketones 42
Table 19. Acids linear, branched, cyclic, and
aromatic acids 89

Table 20. Anhydrides anhydrides 11
Table 21. Esters esters and lactones 74
Table 22. Peroxides peroxides 7
Table 23. Hydroperoxides hydroperoxides 9
Table 24. Peroxyacids peroxyacids 8
Table 25. Carbonates carbonates 3

Total CHO compounds 381

CHN Compounds

Table Name Description No. of Compounds
Table 26. Amines Linear, branched, cyclic, aromatic 50

Table 27. Imines imines 2

Table 28. Nitriles tinear, branched, cyclic, aromatic 27

Table 29. Hydrazines hydrazines 6

Table 30. Diazenes diazenes 14

Table 31. Azides azides 6

Table 32. Cyclic CHN heterocyclic nitrogen compounds 32

Total CHN compounds 137
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TABLE 1. C-H~-N-O-S-Halogen families (Continued)

CHNO Compounds

Table Name Description No. of compounds
Table 33. Amides Linear, Branched, Cyclic, Aromatic 28
Table 34. Ureas Ureas 24
Table 35. Amino acids Amino acids and peptides 38
Table 36. Nitroso compounds Nitroso and cyanato compounds 9
Table 37. Nitro compounds Linear, branched, cyclic, aromatic 50
Table 38. Nitrites Nitrites 3
Table 39. Nitrates Nitrates 6
Table 40, Nitramines Nitramines 10
Table 41. Cyclic CHNO Cyclic amides 3

Total CHNO compounds 17

CHS and CHSO Compounds

Table Name Description No. of compounds
Table 42. Thiols Linear, branched, cyclic, aromatic 31

Table 43. Sulfides Linear. branched. aromatic 33

Table 44. Disulfides Disulfides 8

Table 45. Sulfoxides Sulfoxides 6

Table 46. Sulfones Linear, branched, aromatic 38

Table 47. Sulfites Sulfites 5

Table 48. Sulfates Sulfates 4

Table 49. Cyclic CHS Heterocyclic sulfur compounds 13

Total CHS and CHSO compounds 138

Halogen Compounds

Table Name

Description

No. of compounds

Table 50. Fluorides
Table 51. Chlorides
Table 52. Bromides
Table 53. Todides

Table 54. Mixed Halogen compounds

CHF and CHFO compounds
CHCI and CHCIO compounds
CHBr and CHBrO compounds
CHI and CHIO compounds

46
116
39
39

CHCIF, CHCIBr, CHBrF, CHFI compounds 18

Total Halogen compounds

Total of all compounds

258

1512

815
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816 E. S. DOMALSKI AND E. D. HEARING
TaBLE 2. Listing of groups and group values
Group AdH° (o/4 S° AH® Cy 5° AdH° cy §°
(gas) (gas) (gas) (liq) (liq) (liq) (solid) (solid) (solid)
CH Groups

C~(H):(C) ~42.26 25.73 127.32 ~47.61 36.48 83.30 —46.74 67.45  56.69
C-(H)(C). —20.63 22.89 39.16 -25.73 30.42 3238 -2941 2192 23.01
C-(H)(C)s -1.17 20.08 —53.60 -4.717 21.38 —23.89 -5.98 —48.81 —16.89
~CH; corr (tertiary) -~2.26 0.00 0.00 ~2.18 0.00 0.00 -2.34 000 0.00
C-(C) 19.20 16.53 —149.49 17.99 10.24 —98.65 1247 —83.63 —33.19
—CH; corr (quaternary) —4.56 0.00 - 000 -4.39 0.00 0.00 —4.35 0.00  0.00
—CH, corr (tert/quat) —1.80 0.00 0.00 -1.77 0.00 0.00 -2.70 0.00 0.00
~CHj corr (quat/quat) -0.64 0.00 0.00 —0.64 0.00 0.00 -2.24 000 0.0
Co(H)2 26.32 21.38 115.52 2175 28.37 86.19 2243
Co~(H)(©) 36.32 18.74 33.05 31.05 24.60 28.58 2548
Ci~C)2 44.14 15.10 ~-50.84 39.16 2322 -29.83 3297
Cae~(H)(Cy) 28.28 18.54 <2174 22.18 31.67 13.30 17.53 3565 21.75
Co~C)(Cy) 36.78 1757  ~61.33 30.42 2619  —41.92 27.91
Ca~(Ca)(Cr) ' 56.07
Ca~(H)(Cp) 28.28 18.54 27.74 22.18 31.67 13.30 17.53 3565 2175
Ca~(C)(Cs) 37.95 15.90 ~51.97 38.58
Co~(H)(C) 28.28 18.54 21.74 22.18 31.67 13.30 17.53 3565 21.75
C~(H)., Methane —74.48 35.73 206.92 .
Ca~(Cs)2 32.88 30.83 25.10 4991 32.50
C-(H)2(C)(Ca) —20.88 20.63 38.20 —25.73 29.29 31.67 —-24.35
C~(H)(C)2(Ca) ~1.63 2749 5038 -5.02 3012 -2807 -6.49
~CH,; corr (tertiary) -2.26 0.00 0.00 -2.18 0.00 0.00 —~2.34 000 000
CHC)s(Cy) 22.13 9.16 —150.23 20.79 2874 —-108.20 12.51
~CHj corr (quaternary) ~4.56 0.00 0.00 -4.39 0.00 0.00 -4.35 000 0.0
C-(H)(C)(Ca)2 -1.17 20.08 -53.60 -4.77 21.38 -23.89 ~5.98 ~48.81 —~16.89
C-(H)(Ca)2 ~18.92 24.77 42.08 —24.43 40.88 19.32 ~21.60
C~(H)(Ca)(Ce) -24.73
CH)(C)(Ca)(CB) ~6.90
cis (unsat) corr 4.85 -8.03 5.06 527 0.00 0.00 5.73 0.00  0.00
tert-Butyl cis corr 17.24 0.00 0.00 17.48 0.00 0.00 17.57 0.00 0.00
C~(H) 113.50 22.55 101.96 104.47 39.96 67.57 110.34
C~(C) 115.10 13.22 26.32 107.15 25.59 14.25 101.66
C—~Cy) 121.42 10.71 3992 114,77
C~(Cs) 120.76 10.17 17.77 119.00 103.28 32.30
C~C) 120.76 14.27 25.94 104.80 103.28
C-(H)(C)XC) -19.70 20.97 42.80 -22.13 30.39 32.36 —29.41
C-(H)(C)A(C) -3.16 1745 ~45.69
—-CH; corr (tertiary) -2.26 0.00 0.00 -2.18 0.00 0.00 -2.34 0.00 0.0
C~(C)(CY) 22.83 26.38
~CH; corr (quaternary) -4.56 0.00 0.00 -4.39 0.00 0.00 —4.35 000 0.00
C—H)(C\). —41.14 —-39.08
C~(C)A(Cy)2 20.67
C, 142.67 15.86 26.28 134.68 30.04 14.39 131.08
Cs-(H)(Cg)2 13.81 13.61 48.31 8.16 22.68 28.87 6.53 2013 2275
Cp~(C)(Cg)2 23.64 9.75 -35.61 19.16 10.10 -19.50 13.90 —2326 -~550
Cs~(C4)(Cs): 24.17 - 14.12 -33.85 19.12 9.44 -9.04 2027  —20.00 —10.00
Cp=(C)(Ch)- 2417 14.12 - 3388 19.12 9.44 - 9.04 20,07 ~20.00 —10.00
Cs(Cs)s 21.66 13.12 —-36.57 17.21 17.07 17.03 -172 ~6.00
C—C)(Cg):2 52.81
C~(H)2(C)(Cg) -21.34 25.61 42.59 —-24.81 22.90 47.40 -22.10 49.38 - 26.90
CH)(C)2(Cs) -4.52° 22.45 —48.00 ~582 17.50 -13.90 -3.50
C—HGCo)(C)s 18.28 1828 -—147.19 18.70 517 —-96.10 21.57 .
C-(H)2(Cs): —46.43 ~26.50 32.91 5197 —21.44 69.06 22.85
C-(H)(C)(Cs): —21.47 11.50 28.12 16.40 43.55
C~(H)(Cp)s -6.86 3448 63.64 —12.62
C~(Cs)s(C) 116.25 39.83

J. Phys. Chem. Ref. Data, Vol. 22, No. 4, 1993



ESTIMATION OF THERMODYNAMIC PROPERTIES OF ORGANIC COMPOUNDS 817
TABLE 2. Listing of groups and group values
Group AH° (044 S5° AdH° Cy 8° AH® c; S°
(gas) (gas) (gas) (liq) (lig) (liq) (solid)  (solid) (solid)
CH Groups
C~Ca) 27.04 64.89 58.74
Cor—(Car)(Ca)z, 20.10 0.00 0.00 15.83 952  -554 14.10 230 -6.00
Cor(Cs)(Cor):2 16.00 11.50 12.00 577 200
Car—(Csr)s 3.59 -0.90 1.94 800 7.00
Ce—~(Cs)2(Cor) -8.77
Ca~(Cs)(Car)2 2246 47.93
ortho corr, hydrocarbons 1.26 6.40 -2.50 3.26 3.50 0.00 5.00 000  0.00
meta corr, hydrocarbons -0.63 0.71 0.00 0.00 0.00 0.00 2.00 000 0.00
Cyclopropane rsc (unsub) 115.15 -12.73 134.86 111.58 ~28.53
Cyclobutane rsc 110.89 ~19.34 126.04 106.64 -10.68 5148 114.43
Cyclopentane rsc (unsub) 26.75  ~3144 11622 2284 2332 4224 34.00
Cyclohexane rsc (unsub) 0.68 ~31.07 78.18 -1.77 -26.21 10.07 10.94
Cycloheptane rsc 26.34 ~37.14 73.97 23.50 —32.19 15.89
Cyclooctane rsc 40.65 ~43.17 70.78 38.10 —27.88 2.96
Cyclononane 1sc 5291 50.40
Cyclodecane rsc 51.99 50.61
Cycloundecane rsc 47.56 47.55
Cyclododecane rsc 17.31 46.27
Cyclotridecane rsc 21.84 24.83
Cyclotetradecane rsc 49.37 37.48
Cyclopentadecane rsc 8.03 65.09
Cyclohexadecane rsc 8.41 67.14
Cycloheptadecane rsc —13.59 69.56
Cyclopropene rsc 223.26
Cyclobutene rsc 125.81 —11.67 126.77
Cyclopentene rsc (unsub) 24.18 ~-26.53 113.76 21.45 -15.82 48.37
Cyclohexene rsc 5.61 ~19.50 95.69 2.04 -20.26 29.34
Cycloheptene rsc 21.81
Cyclooctene rsc 24.65 18.26
1,3-Cyclopentadiene rsc 24.07 23.95
1,3-Cyclohexadiene rsc 17.14 16.41 ~26.56 50.18
1,4-Cyclohexadiene rsc -2.69 - 5.64 —-34.22 36.41
1,3-Cycloheptadiene rsc 27.54
1,5-Cyclooctadiene rsc 39.34 36.42 ~7.45 2335
1,3,5-Cycloheptatriene rsc 1684  -18.63 102.26 1859  ~54.00 84.96
Cyclooctatetraene rsc .37 ~-26.31 116.38 77.07 —68.18 113.89
Spiropentane rsc 24850 -19.97 286.59 242.58 2.60 162.81
Cyclopropane (sub) rsc 105.95 96.58
Cyclopentane (sub) rsc 19.55 ~27.87 118.39 23.59 ~2332 56.65 34.00
Cyclohexane (sub) rsc ~-0.39 -22.82 83.97 -2.06 ~-26.21 25.10 10.30
Cyclopentene (sub) rsc 24.31 ~24.50 117.11 19.82 -15.82 48.37
Naphthalene (unsub) 0.00 1183  —19.66 0.00 0.00 0.00 0.00 000 0.00
Naphthalene (1 sub) 0.00 14.39 -21.50 0.00 0.00 0.00 0.00 0.00 0.00
Naphthalene (2 sub) 0.00 16.48 —-23.00 0.00 0.00 0.00 0.00 0.00 0.00
cis-Decalin rsc 127.00 —183.44 ~4.02  -54.12 53.75
trans-Decalin rsc 12381 -183.24 -15.22 -57.63 53.67
cis-Hexahydroindan rsc 19.51 16.39 -41.52 86.59
trans -Hexahydroindan rsc 15.16 13.29 -46.00 79.98
2,2-Metacyclophane rsc 52.08 55.06 -24.92
2,2-Metaparacyclophane rsc 99.35 109.46 —4.02
2,2-Paracyclophane rsc 125.09 127.26 -13.18 -1.92
3,3-Paracyclophane rsc 50.95 65.53 14.90
Adamantane rsc -6.14 318
Fluoranthene rsc 63.21 62.47 59.66 —1.43 —5.92
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TABLE 2. Listing of groups and group values — Continued

Group AH° Jor 5 AH® ce 5 Ad® ¢ s

P
(gas) (gas) (gas) (lig) (lig) (lig) (solid)  (solid) (solid)
CH Groups

Bicyclof2.2.2]octanc rsc 27.12 —67.59 —63.45 41.52
Bicyclo[3.3.3Jundecane rsc 99.06 : 124.10
cis-Bicyclo[6.1.0]nonane rsc 115.55 109.35

Bicyclof1.1.0Jbutane rsc 260.70 254.70

Bicyclo[3.1.0]hexane rsc 123.16 117.56

Bicyclo[2.2.1}hepta-2,5-diene rsc 125.29 124.87

Tetracyclo-[3.2.02,7.04,6]heptane rsc 366.75 356.45

* Tricyclo{2.2.1.02,6]heptane rsc 148.67 139.67

Bicyclo[2.2.1}hept-2-ene rsc 82.79 73.58 102.73
Bicyclo[2.2.1]heptane rsc 43.49 45.39 57.01
Bicyclo[4.1.0]heptane rsc 106.99 101.39

Pentacyclo-{4.2.0.02,5.03,8.04,7]-octane rsc ~ 674.60 632.34
Bicyclo[2.2.2]oct-2-ene rsc 33.64 56.36
Bicyclo{4.2.0]Joctane rsc 100.72 95.72

Bicyclo]5.1.0]octane rsc 109.42 103.62

trans-Bicyclo[6.1.0]nonane rsc 107.05 107.25

Bicyclo[3.3.1]nonane rsc 19.25 39.63
cis-Bicyclo[3.3.0Joctane rsc 3322 2192

trans-Bicyclo[3.3.0]octane rsc 59.52 54.72

CHO Groups

CO~(H),, Formaldehyde —108.60 3540 224.54

CO-(C)(CO) -121.29 —-135.04 -~ 140.75

CO-(H)(CO) ~105.98

CO-(CO)(Cg) —112.30 —117.75

CO-(0)(CO) ~123.75 ~123.30 40.63 —120.81

CO~(Cy)(0) ~136.73 24.56 62.59 —155.56 48.16 -134.10 4375 3290
CO-(C)(0) -137.24 24.56 62.59 ~149.37 44.98 3272 —153.60 4498 3213
CO-(H)(O) -124.39 29.00 147.03 -14242 65.10 94.68 :

CO-(0), -111.88 ~122.00 31.46 -123.00 425 —4292
CO-(H)(Ca) ~126.96 ~153.05

CO—(Cy), —110.00 —-119.00 —-116.00 109.33
CO-(C)(Cs) —148.82 —145.22 73.35 ~143.70 7138 2372
CO-(H)(Cg) —121.35 -138.12 54.22 ~160.18

CO-(0)(Cp) -125.00 —140.00 48.16 —145.00 4375 3213
CO-(C), —132.67 2343 64.31 -152.76 5297 3381 15795

CO-(H)C) —124.39 29.00 147.03 -142.42 65.10 93.55

CO-(C)(Ca) 21.07

0~CO);, aliphatic —214.50 —-1.08 3416 —230.50 5.28 —235.00

0—(CO),, aromatic -~238.30 -220.90 —207.00

0~(Cs)(CO) -198.03 ~201.42 19.58

O~{CYCO) ~188.87 11.80 36.03 -196.02 19.58 3828 —210.60 -6.00 12.09
O-(H)(CO) —254.30 16.23 101.71  -285.64 37.82 3828 —282.15 4460 21.78
0-(Cs)(CO) -167.00 —-165.50 ~170.00 29.08 4532
O-(C)(0O) -20.75 -23.50 ~30.20

O-(H)(0) -T72.26 -101.75 -105.30

0O—~Cq)2 ~139.29 -137.32

O-(H)(Cy) 3778

O—~C)(Ca) . ~129.33 —-133.72 51.21

O~(Cs): - 71.66 —85.27 23.31 -~96.20 1590 314
O~(C)(Cp) ~92.55 —-104.85 8.10 -122.87

O-(H)(Cs) —~160.30 18.16 121.50  —1910.75 44.64 4389 —199.25 2925 28.62
0HC), —101.42 18.54 2933 -110.83 24.27 2678 —119.00

O-(H)(C) —150.33 18.16 121.50 —-191.50 44.64 43.80 -199.66 20.25 28.62
Ce-(H)(CO) 32.30 15.61 35.19 26.61 28.12 782  —1866 27.53
Ce-(C)(CO) 18.62
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ESTIMATION OF THERMODYNAMIC PROPERTIES OF ORGANIC COMPOUNDS 819
TaBLE 2. Listing of groups and group values — Continued
Group AH° C,? 5° AH® Cpo 8° AH° C,,“ S°
(gas) (gas) (gas) (lig) (lig) (liq) (solid) (solid) (solid)
CHO Groups
Co~(0)(Cs) 36.78 17.57  ~61.34 30.42 26.19 -41.92 219
C0)(C) 44.14 1510  ~50.84 39.08 2322 ~29.83 3297
C~O)(H) 36.32 18.74 33.05 31.05 24.60 28.58 25.48
C~(CO) 14452
Cg~(CO)(Cs)2 15.50 10.50 4.39 8.15 -428% 0.8
Ca~(0)(Ce)z ~4.75 1586  -4372  -561 3971 ~10.59 100 -029 159
C-(H)(CO), -30.74 —23.06 15.56 -19.10
C~CO)(C)s 23.93 26.15 799  —85.98 2402 -114.10
CH)(CO)(C). -0.25 , ~3.89 1741 -2452 -983  —8051
C—(H)2(CO)(C) —21.84 24.69 39.58 —24.14 29.29 3987 —-2790 2192 2473
C~(H);(CO) —42.26 25.73 127.32 —47.61 36.48 8330 —46.74 6745  56.69
C~(H)(CO)(Cy) ~16.95 -19.62 :
C-(H)(COXCy) —~25.48 —~26.61
C—~(H)>(CO)(Cn) —-16.20 —-11.67
C~(H)(CO)(C)(Cs) 14.81
C-(H)(O)(CO)(©) 126.63 123.43 744  —4671  —1439 5845 808
C~(0)a —152.46 —133.34
C-(H)(0)s -113.97 ~107.74 2171
C~0)(C) —114.39 ~99.54
C~(0)x(C)2 - 53.56 -41.30
C~(H)(0):(C) —-57.78 —51.42 12.38
C~H)z(0). —62.22 —62.89 39.92 23.85
C~(H):(0)(Cs) ~33.76 -29.17 46.48
C~(H)2(0)(Cy) ~27.49 17.74 3749  -28.62 41.30
C~(H)(CO)(C)(Cs) -14.39
CG-(H)(CO)(Cs)2 3
C-(0)(Cz)s 60.46 57.49
C~O)(C)s (ethers.esters) 9.50 1460 -141.92 0.79 20.46 ~94.68 -0.50
C~(H)(0)(C), (ethers,esters) ~19.46 17.78 —-52.80 -21.00 25.56 ~25.31 —20.08
C-(0)(C)s (alcohols,peroxides) -13.50 1573  -14460 -11.13 6558 —12248  —1225 8548 -14.77
C~H)(0)(C)2 (alcohols,peroxides) —26.10 19.96 —43.05 —27.60 49.83 ~20.83  —29.08 477 695
C-(H)z(0OX(C) -32.90 20.33 43.43 ~35.80 33.64 3259 —33.00 2192 2473
C~(H)3(0) —42.26 25.73 127.32 ~47.61 36.48 8330  —46.74 6745  56.69
0~(CO)(0) —88.00 —90.00 —80.50
C-(C)2(0)(Cp) 15.30 25.80 29.30
C-(H)(C)(O), —~52.50
Glutaric anhydride rsc 20.89 8.91
Succinic anhydride rsc 4.76 —11.08 —10.60
Phthalic anhydride rsc 30.66 -5.52
Cyclopentanone 1sc 22.85 15.10
Cyclohexanone rsc 10.50 -31.82 66.98 5.60 ~25.61 11.29
Cycloheptanone rsc 10.76 6.31
Cyclooctanone rsc 7.33 9.01 37.38
Cyclononanone rsc 20.43 22.57 55.28
Cyclodecanone rsc 15.70 17.73
Cycloundecanone rsc 19.39 20.53
Cyclododecanone rsc 12.91 18.02 47.11
Cyclopentadecanone rsc 9.41 74.77
Cycloheptadecanone rsc 4.87 89.49
Cyclobutane-1,3-dione rsc 140.48 94.10
Ethylene oxide rsc 114.62 -10.92 132.00 104.82 —23.90 80.50
Trimethylene oxide rsc 107.35 —22.38
Furan rsc —12.18 -9.97
Tetrahydrofuran rsc 24.28 —28.73 113.66 17.70 —28.49 47.18 14.60
Tetrahydropyran rsc 5.1 1.32 —42.22 0.80
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TaBLE 2. Listing of groups and group values — Continued

Group AH° Cy s° AH° (oM §° AH® (044 s°
(gas) (gas) (gas) (lig) (lig) (lig) (solid) (solid) (solid)
CHO Groups

1,3-Dioxolanc rsc 29.06 18.75 —37.71

1,3-Dioxane 1sc 10.90 4.40 ~-42.26

1,4-Dioxane rsc 19.15 —2434 73.16 9.76 -29.50 86.28 -12.00

1,3-Dioxepane rsc 25.52 20.01 —49.20

Trioxane rsc 25.02

Tetraoxane rsc 3423

B-Propiolactone rsc 97.95 75.43 ~5.40 31.85

T-Butyrolactone rsc 34.98 10.16 -16.61 21.56

~-Valerolactone rsc 26.06 4.75

8-Valerolactone rsc 4251 19.19 -16.74 10.77

Caprolactone rsc —-21.92 -4.92

Undecanolactone rsc -28.12 —-33.05

Ethylene carbonate rsc 23.90

Cyclobutane methyl carboxylate rsc 75.21 79.08

Bicyclobutane methyl carboxylate rsc 222.27 219.98

1,4-Dimethylcubane dicarboxylate rsc 595.80 590.73

2-Deoxy-D-ribose rsc 0.25

B-D-Ribose rsc 12.65

a-D-Glucose rsc 6.30

COOH~COOH (ortho corr) 34.14 1500 896

COOH~COOH (meta corr) —23.94 13.14 30.00 (LX)

CH;0-COOH (ortho corr) 15.00 23.00

CH;0-COOH (meta corr) 5.00 5.00

OH-OH (ortho corr) 7.00 16.00

OH-OH (meta corr) 0.w 20

OH-COOH (ortho corr) -20.00 0.00

CHN and CHNO Groups

C~(H)3(N) -4226 2573 12132 4761 36.48 8330  -46.74 6745  56.69
C~(H),(C)(N) -28.30 22.68 4226  -30.80 30.42 3238 —34.00 2192 2301
C—(H)(C)2(N) ~16.70 1862 —6355  —14.65 2828  -2000 -13.90

~CH; corr (tertiary) -2.26 0.00 000  -218 0.00 0.00  -2.34 0.00 000
C~O)s(N) 0.29 1841  -152.59 5.10 19.66  —87.99 100  —84.14

~CH, corr (quaternary) -4.56 0.00 000  —439 0.00 000  —435 000  0.00
C-(H)z(N), ~30.00 . -26.00

C~(H)2(C)(N) -24.14 —26.09 19.79 -3331

N~(H);(C) (first, amino acids) 19.25 2435 12440 033 62.59 M7 -630 3200 39.00
N-(H)(C) (second, amino acids) 19.25 2435 12690 0.33 62.59 T -46.00 7127 4875
N-(H)(C). 67.55 12.28 33.96 51.50 59.37 32.09 4780  —8.00
N~(C)s 116.50 1510 —6L71 11200 2611  -3862 10100  —39.00
N—(H)(N) 47.70 2636 12218 2530 49.41 60.58 18.97

N-(H)(C)(N) 89.16 75.00 49.04 205

N~(C)2(N) 120.71 119.00 4167  —2694

N=(Ca)>(N) v 137.35

N-(H)(Cg)(N) 87.50 73.40 66.90

N~(CO),(N) 73.62

N-(H)(Ca)2 83.55 50.50 45.40

N~C)(Ca)2 120.64 97.38 88.92

N-(H)2(Cg) 19.25 2435 12690 1100 62.59 N7 -21.60 2600  70.00
N-(H)(C)(Cp) 59.00 26.25 65.20 36.55  —S50.00
N—~C)2(Cs) 126.40 109.40 10.75 96.50  —36.50
N~(C)(Cs)2 120.44 97.38 7.95 89.30

N-(H)(Ca): 83.55 50.50 4540  -3.00
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TABLE 2. Listing of groups and group values — Continued
Group AH® C S° AdH® c; s° AH° cy Ss°
) (@) (@) (i) (i (i)  (solid)  (solid) (solid)
CHN and CHNO Groups

N—~(Cs)s 123.15 121.80 107.50 -39.00
Nr(C) 81.46 73.68
N—(Cs) 69.00 10.07 47.01 54.50 19.75 36.40 57.00
NA-(C) 109.50 104.85 103.00
Na—(Cs) 109.50 104.85 103.00
N~(oxide)(C) 40.80 22.65
C~(H)2(C)(Na) —20.70 ~25.70 -29.41
C-(H}(C)2(Na) —2.66 -5.42
C—(C)3(Na) 11.50 15.50 10.50
Co~(H)(N) —16.00 —15.50 —13.00
C—C)(N) —5.74 —5.62 -3.95
Ca~(N)(Cp)2 -1.30 16.07 -4353 1.50 15.02 ~24.43 9.75 13.00 ~37.57
Ca—(NOXCh)2 21.50 23.00
Cs~(NO3)(Cs)2 —1.45 -28.30 73.30 79.95 —32.50 50.96 110.46
Cg-(CNO)(Cg): -177.63 155.69
Ca~(CN)(Cr)2 151.00 41.09 85.25 122.38 51.80 64.75 121.20 50.45
Cg~(Na)(Cg)2 22.55 20.08 18.65
Ce~(H)(Ny), 6.30 0.25
CO-(H)(N) -124.39 29.00 147.03 -188.00 65.10 93.55
CO-(C)(N) -133.26 22.50 56.70 —185.00 49.16 ~194.60 39.00 40.00
CO-(Cg)(N) (amides) -171.75 111.50
CO—~(Cp)(N) (amino acids) -171.75 37.00
CO~(Ca)(N) -171.80
CO~(N), -111.00 3240 96.00 —190.50 —203.10 124.00 69.00
N-(H)»(CO) (amides, ureas) - 63.00 17.00 88.25 -63.90 43.01 —65.25 -1550 18.00
N—(H)2(CO) (amino acids) —-63.00 ~63.90 43.01 —59.75 4588 33.03
N-(H)(C)(CO) (amides, ureas) -16.28 -17.10 23.51 -9.80 -36.00
N-(H)(C)(CO) (amino acids) ~16.28 -17.10 23.51 5.50 3.30
N-(C):(CO) 45.00 62.00 13.93 55.00
N-(H)(Cs)(CO) -20.84 -350 -41.00
N-(H)(CO). ~91.00 ~-3080 -157.02
N—(C)(CO). -11.64 56.20 64.00
N-(Cs)(CO). 9.12
N-(Cs)2(CO) 60.85
N—-{(C)(Cs)(CO) 72.00
C-(H)3(CN), Acetonitrile 74.04 52.22 252.60 40.56 91.46 149.62
C—(H)(C)(CN) 94.52 47.86 167.25 66.07 83.01 106.02 69.85 72.80 96.15
C—(H)(C)(CN) 113.50 44.94 67.86 81.50 83.09 69.00
C~(C)s(CN) 137.96 116.20 69.91 ~17.91 102.07
CC1(CN), 4460 74.57
C-(H)2(C4)(CN) 9531 66.40
Ca-(H{CN) 146.65 42.38 158.41 117.28 80.42 92.72
C~(CN) 264.60 250.20
C-(H);(NO;), Nitromethane -74.86 5732 284.14 -112.60 105.98 171.75
C~(H)»(NQ3),, Dinitromethane —58.90 —104.90
C~(H)(NOy)3, Trinitromethane ~0.30 —32.80 ~48.00
C-(NO,),, Tetranitromethane 82.30 38.30
C—(H)2(C)(NO) -60.50 53.14 203.60 -93.50 97.74 —-99.00
C—~(H)(C)(NO,) -53.00 4958 11532  —8250 —89.00
C—HC)3(NO2) -36.65 -61.20 —76.55
C~(H)2(Ce)(NO2) —-62.00 —82.76 —81.00
C-(H)(C)(NO,), -36.80 - 88.80 -91.50
C~(C)2(NO2)2 —-28.50 ~77.20 -90.30 7138
C~H)(C)(CO)N) —18.70 —11.65 -2285 -4.00
C-(H)(COYN) —-3.10 -30.95 21,92  24.00
C-(H)(Ca}(COXN) 61.21

J. Phys. Chem. Ref.

Data, Vol. 22, No. 4, 1993



822 E. S. DOMALSKI AND E. D. HEARING

TABLE 2. Listing of groups and group values — Continued

Group AH® o/ 5 AHC Cs 5 AH® cG s
(2as) (gas) (gas) (tiq) (lig) (ig)  (solid)  (solid) (solid)

CHN and CHNO Groups

0-(C)(NO) -24.23 3749 16611  —46.50

O—-(C)(NO») -79.711 51.46 19192 —108.96 96.40 12750 —124.00
N-(H)(C)(NO,) —-16.50 65.73
N-(H)(Cs)(NO>) —47.53
N-(H)(CO)(NO,) - 14.00
N—(C)(NO2)2 100.30 53.50

N-(C)(Cs)(NO>) 183.00 167.00 150.50
N—(C),(NO) 90.00 59.00 55.00
N—(C)(NOz) 88.00 50.00 40.00
C-(H)2(C)(Ns) 321.70

C-(H)(C)2(Ns) 274.00 255.00

C~(H)2(Cs)(N3) 347.00 327.40

C~(Ca)s(N3) 328.60 346.50
Ca—(N3)(Cbs): 320.00 303.50

Zwitterion energy, aliphatic 0.00 0.00 0.00 0.00 0.00 0.00 —-55.10 —44.50 —13.40
Zwitterion energy, aromatic | 0.00 0.00 0.00 0.00 0.00 0.00 -32.00 —20.50 —-13.00
Zwitterion energy, aromatic 11 0.00 0.00 0.00 0.00 0.00 0.00 -11.00 5.00 -9.00
Ethyleneimine rsc 115.53 -5.13 137.90 101.98

Pyrrolidine rsc 26.71 —-2229 118.45 20.36 —24.48 42.40

Piperidine rsc 3.14 -1.09 -29.79 15.98

Hexamethyleneimine rsc -36.86

Octahydroazocine rsc —-42.31

Pyrrolizidine rsc 3542 18.87

3,5-Dimethylpyrrolizidine rsc 38.46 20.05

Trimethyl cyanurate rsc -95.00 - 120.40
Succinimide rsc 25.70 16.70
Glutarimide rsc 28.23 17.57

Azetidine rsc 116.00 102.00

Pyrrole rsc -30.48 —20.03 —-17.84
Cyclotetramethylenediazene rsc 12.86 —-4.34

Cyclotrimethylenediazene rsc -10.47 -23.97
Cyclopropanenitrile rsc 110.56 110.76  -28.53

Cyclobutanenitrile rsc 91.39 98.69 —28.35

Cyclopentanenitrile rsc 10.82 22.12 -37.27

Cyclohexanenitrile rsc —5.55 -0.05 ~57.29

N-Nitrosopiperidine rsc 45.20 48.70

N-Nitropiperidine rsc ~13.91 -4.11 8.48

R-salt rsc 195.30

RDX rsc 32.00 30.00

HMX rsc¢ 17.00 32.00
DINO-PMTA rsc 46.70
cis-Azobenzene corr 48.40 49.10
Azidocyclopentane rsc 29.42 27.02

Azidocyclohexane rsc ~16.45 -17.95

NOz-NO; (ortho corr) 44.00 45.25 40.60 3.76
NO:>~NO; (meta corr) 11.00 13.50 13.50 5.84
NO,-CH; (ortho corr) 2.00 2.00 4.00

NO;~CHj3 (meta corr) —4.00

NO-OH (ortho corr) 1000 © 16.00 13.00

NO>-OH (meta corr) 6.00 0.00

NOz-NO; (aliphatic-adjacent corr) 20.00 20.00 20.00
NOCOOH (ortho corr) 25.00 30.00 25.00 0.00
NO,~COOH (meta corr) 14.00 16.00 14.00 0.00
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TaBLE 2. Listing of groups and group values. — Continued

Group AdH® Cs 8° AdH° Cy s° AH° c §°
(gas) (gas) (gas) (liq) (liq) (lig) (solid)  (solid) (solid)
CHN and CHNO Groups
NO,-OH(ortho corr) 10.00 16.00 13.00
NOrOH(meta\ corr) 6.00 0.00 0.00
NH-NO; (ortho corr) —4.00 ~4.00 -4.00 0.00
NH-NO, (meta corr) -10.00 -10.00 —10.00
(ONO;)-(ONO,)(aliphatic-adjacent corr) 15.10 15.90 16.00
N—(CHa) (ortho corr) -6.30 -4.00
NeN; (ortho corr) 85.06 83.16
CH5—-CN (cis, unsat corr) —-6.00 ~6.00
NH~NH; (ortho corr) ~3.00
NHNH; (meta corr) —10.00
NHCOOH (ortho corr) 12.00 14.00 -4.71
NH~COOH (rmneta corr) 2.00 4.00 -122
CHS and CHSO Groups
C-(H)s(S) —42.26 25.73 127.32 —47.61 36.48 83.30 —46.74 6745  56.69
CH)2(C)(S) -23.17 20.90 41.87 -26.77 24.18 41.09
C-H)(C)(S) —~5.88 20.29 —47.36 -6.07 17.78 —16.61
~CH; corr (tertiary) -2.26 0.00 0.00 -2.18 0.00 0.00 —-234 0.00  0.00
C—HC)s(S) 13.52 17.02 —-145.38 16.69 8.88 —86.86
~CH; corr (quaternary) —4.56 0.00 0.00 —4.39 0.00 0.00 —4.35 000 0.00
—CH; corr (tert/quat) -1.80 0.00 0.00 -1.77 0.00 0.00 -2.70 0.00 0.00
—-CHj; corr (quat/quat) —0.64 0.00 0.00 —0.64 0.00 0.00 -224 000 0.0
C~(H)(Ce)(S) ~18.53 ~23.82
C-(H)(Cs)(S) -25.93 ~32.44
C~(H)x(S). -25.10
Ca—(S}(Cs): ~-4.75 15.86 43.72 -5.61 39.71 -10.59 1.00 -029 159
Cs~H)(S) 36.32 18.74 33.05 31.05 24.60 28.58 2548
C~HC)(S) 45.73 1464  —5192
S~C)(H) 18.64 25.76 137.67 0.06 5134 85.95
S~(Cs)(H) 48.10 20.98 57.34 28.51 20.11 89.04
SC)2 46.99 22.64 33.19 29.82 45.15 29.80
S~(H)(Cy) 25.52
S—(C)(Cy) 54.39
$~(Ca)z 102.60 20.04 68.59
S+(Cs)(C) 76.21 58.20 16.43 35.44 42.00
S-C)(S) 27.62 23.25 50.50 14.36 4071 30.84
S~(S). 12.59 19.66 56.07
S—Cg)2 102.60 20.04 68.59 93.02 —35.10
S-(H)(S) 7.95
S-(H)(CO) -590 3192 130.54
CO~(C)(S) —132.67 2343 6431 —-152.76 52.97 33.81 33.89
C-(H)(SO) -42.26 25.73 127.32 ~47.61 36.48 83.30 -46.74 67.45  56.69
C-(H)(C)(SO) -29.16 -36.88
C-(H)(C)(S0)
~CH, corr (tertiary) -2.26 0.00 0.00 ~-2.18 0.00 0.00 -2.34 0.00 0.00
C~C)(S0) 4.56 0.97 i
-CHj; corr (quaternary) —~4.56 0.00 0.00 —4.39 0.00 0.00 ~4.35 0.00  0.00
C(H)(Ca)(SO) —27.56 -32.63
cis correction 411 ~8.03 5.06 5.27 0.00 0.00 5.73 0.00 000
Cg~(SO)(Cp)2 15.48 2544 4.39 7.55 -42.89  0.08
O-(SO)(H) —158.60
O-{C)(SO) -92.60

J. Phys. Chem. Ref. Data, Vol. 22, No. 4, 1993



824

E. S. DOMALSKI AND E. D. HEARING

TABLE 2. Listing of groups and group values — Continued

Group AH° Cy s° Ad° Cy §° AH Cy s
(gas) (gas) (gas) (liq) (liq) (lig) (solid) (solid) (solid)
CHS and CHSO Groups
SOHC), —66.78 37.15 75.73 —108.98 80.22 22.18
SO—(Cs): —-62.26
Noz(o)% -213.00
SO~C)(Cp) -72.00
C-(H)x(802) -42.26 25.73 12732  -47.61 36.48 8330 -46.74 6745 56.69
C—(H)x(C)(802) -27.03 —33.76 ' —-35.96
C~(H)(C)x(SO-) —14.00
—CH; corr (tertiary) -2.26 0.00 0.00 -2.18 0.00 0.00 -2.34 0.00  0.00
C~C):(50,) 1.52 2.00 378
—CHj corr (quaternary) —4.56 0.00 0.00 —4.39 0.00 0.00 —4.35 0.00 0.00
—CHj corr (quat/quat) —0.64 —-0.64 -224
C~(H)x(C4)(SO2) —29.49 —49.05
C~H)(C)(C4)(SO2) -71.99
C(H);(Cg)(S02) ~29.80
C-(H)x(C,)(50,) 16.36
Cs—(50:)(Cs)2 15.48 25.44 4.39 7.55 —42.89  0.08
Co(H)(SO,) 51.58
Cy—(C)(50,) 64.01
C—~(80,) 177.10
SO~Ca)(Cs) -291.55
S0~Cy)2 —306.70
$0(C): ~288.58 48.54 87.37 -341.14 —356.62 -9.55 3210
S0~C)(Cp) ~289.10
SO;~(Cs)2 —287.76 —305.40
S0,~(SO;)(Cs) —-325.18 —-361.75
SO0.~0). ~417.30
SO~C)(Cy) -316.80
$0:~+C)(Cp) —296.30
0~(50,)(H) -158.60
0O-(C)(302) ~-91.40
Thiacyclopropane rsc 81.57  -10.76 122.10 75.32
Thiacyclobutane rsc 80.98 ~18.00 112.89 74.55 -10.54 40.57
Thiacyclopentane rsc 641  -19.34 97.87 208 1419 31.08
Thiacyclohexane rsc -202 -2491 66.85 =509  -2147 9.12
Thiacycloheptane rsc 2053  -31.40 66.35 13.84
2,5-Dihydrothiophene rsc 19.13 19.96
Thiophene rsc —43.54 -1.59 2279
2,3-Dihydrothiophene rsc 172
CHX and CHXO Groups
C—(H)s(F), Methyl fluoride —247.00 37.49 231.93
C-(H)3(Cl), Methyl chloride —-81.90 40.75 243.60
C~(H);(Br), Methyl bromide -37.66 42.43 254.94 -61.10
C~(H)s(I), Methyl iodide 14.30 44.14 26314  ~11.70 82.76
C~(C)(F)s -673.81 52.99 17822 ~709.07 73.18 135.56
C~(H)(C)(F) -221.12 33.66 146.80
C-(H)(C)(F) —~204.46 30.55 55.76
CHC)s(F) -202.92
C~H)(C)(F): —-454.74 4222 16432 —487.23 68.04
C~C)(F). —411.39 41.42 7448  —400.37 -428.77
C~C)(C(F); - 462,70 5732 16945  —466.00 8364 13831
C~H)(C)(CI)(F) -271.14
C-(CUCs -81.98 68.18 20214 -112.93 102.20 145.91
C~H)(C)(CI), ~79.10 50.69 183.28  —102.60 85.02 128.45
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TABLE 2. Listing of groups and group values — Continued
Group AH° G s AH® Cp §° AH° Cy s°
(gas) (gas) (gas) (liq) (tiq) (lig) (solid)  (solid) (solid)
CHX and CHXO Groups
C-(H),(C)(C1) —69.45 37.53 159.24 —86.90 63.76 104.27 ~85.65
C~(C)2(C)2 —79.56 54.40 9541 —101.80 74.24
C-(H)(C)AC1) -355.61 35.00 71.34 -71.17 66.02
CHC)s(Q1) ~-43.70 2963  -2426 -5678
C~C)(Br)s 69.87 233.05
C~(H)(C)(Br),
C~(H),(C)(Br) -21.78 37.82 173.31 —42.65 66.00 113.00
CHC(Br):
C~(H)(C)«(Br) ~10.75 36.77 84.69 -2731 59.24
C~(C)s(Br) 7.26 39.33 —-13.46 ~7.40
CHO)(1)s
C~(H)(C)(1), 108.78 51.04 228.45
C-(H)(CXI) 33.54 40.94 177.78 4.14 65.36 3.65
CHC)a(1):
C~(H)(C)AT) 48.74 38.62 88.10 24.78
C~C)s(1) 68.46 41.09 -321 48.60
C-(H)(C)(Br)(Ch) —18.45 51.88 191.21
N~C)(F)2 -32.64
C-(H)(C)(C1)(0) -90.37 37.66 66.53
C~(H)(I)(O) 15.90 170.29
C~(C)(CI)(F) —322.54 —343.87 89.29 14171
C-(C)(Br)(F), —394.55 85.40 149.70
C-(C)(Br)2(F)
C-(Br)(CI)(F)
Ca~(H)(F) ~165.12 28.45 137.24
Ca~(H)(C1) 437 3275 147.85 -12.67 56.62
Co~(H)(Br) 50.94 3410 15991 79.13
Cs—(H)(I) 102.36 36.82 169.45
Cs—(C)(CD) —-5.06 62.76 -223
Ca~(F)2 —329.90 39.43 155.63
Cs~(Cl)2 -11.51 46.86 175.41 —32.08 76.47 115.35
Ca~(Br): 51.46 199.16
Ca(D)2
Ca~(CI)(F) —-235.10 44.50 175.61
Cs~(Br)(F) 45.19 177.82
Ca~(CI)(Br) 50.63 188.70
C—~F)
C—(C1) 33.01 140.00
C~(Br) 3469  151.30
C—() 3553 158.41
Cs~(F)(Cs):2 —181.26 26.10 67.52 —191.20 37.09 5419 -194.00 3205 39.79
Cs—~(C1)(Cs)2 -17.03 29.33 77.08 -32.20 35.27 55.47 -32.00 3355 4337
Cg—(Br)(Cs). 36.35 29.65 88.60 19.90 40.91 74.85 13.50 54.45
Ce~(I)(Cs): 94.50 32.70 98.26 73.70 45.17 61.08 70.40 40.08
cis corr-(I)(I) 3.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
C-(H),(CO)ChH —44.26 —58.41 -74.75
C-(H)(CO)(CI), —-40.40 —-55.11
CO-(C)(F) —-379.84 —419.59
C~(Ca)(F)s -691.79 52.30 179.08 —696.66
C~(H)z(Cs)(Br) -29.49 —44.06
C~(H)o(Cs)(D) 7.31 ~7.24
C-(H)(Cs)(CY) -73.79 -92.56
Co-(O)(C1) —~200.54 42.09 176.66  —225.29 80.67
CO-(Cs)(C1) —216.67 69.21 —212.99
CO~(C)(Br) - 148.54 ~175.49
CO-(CY(I) —83.94 -117.09
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TaBLE 2. Listing of groups and group values — Continued

Group AHP lor 5 AH® cs 5 AH® [T
(gas) (gas) (gas) (liq) (liq) (liq) (solid) (solid) (solid)

CHX and CHXO Groups

C—~(H)(C)(CO)(CY) ~39.88 —35.46 49.45

CHC)(COo)(CD): 74.22

ortho corr-(I)(1) 7.56 0.00 0.00 6.96 0.00 0.00 5.50 000 0.0
ortho corr-(F)(F) 20.90 0.00 0.00 25.00 0.00 0.00 25.50 000 0.00
ortho corr-(C1)(Cl) 9.50 0.00 0.00 14.00 0.00 0.00 8.50 000 0.0
ortho corr-(alkyl)(X) 251 0.00 0.00 6.30 0.00 0.00 0.00 000 0.0
cis corr-(C1)(Cl) -4.00 0.00 0.00 0.00 0.00 0.00 0.00 000 000
cis corr-(CH;)(Br) —-4,00 0.00 0.00 0.00 0.00 0.00 0.00 000 000
ortho corr-(F)(Cl) 13.50 0.00 0.00 18.50 0.00 0.00 19.50 000 0.00
ortho corr-(F)(Br) 37.25 0.00 0.00 40.60 0.00 0.00 42.50 000 0.0
ortho corr-(F)(I) 85.40 0.00 0.00 83.55 0.00 0.00 85.20 000 000
meta corr-(IY(T) 0.00 0.00 0.00 0.00 0.00 0.00 20.08 000 000
meta corr-(COCI)(COCI) 0.00 000 - 000 0.00 0.00 0.00 16.06 000 .00
ortho corr-(COCI)(COCI) 0.00 0.00 0.00 0.00 10.58 0.00 000 0.00
ortho corr-(F)(CFs) 111.00 0.00 600  112.00 0.00 0.00 0.00 000 0.0
meta corr-(F)(CF) 2.00 0.00 0.00 6.00 0.00 0.00 0.00 000 0.0
ortho corr-(F)(CH) -3.30 0.00 0.00 -6.00 0.00 0.00 0.00 000 0.00
ortho corr-(F)(F") 8.00 0.00 0.00 8.00 0.00 0.00 8.00 000  0.00
ortho corr-(Cl)(CI’) 8.00 0.00 0.00 8.00 0.00 0.00 8.00 000 0.0
meta corr-(F)(F) 0.00 0.00 0.00 6.00 0.00 0.00 8.50 000 0.0
meta corr-(CI)(CI) -5.00 0.00 0.00 10.00 0.00 0.00 4.00 000 000
ortho corr-(Cl)(CHO) -6.75 0.00 0.00 8.50 0.00 0.00 0.00 000 0.0
ortho corr-(F)(COOH) 20.00 0.00 0.00 0.00 0.00 0.00 20.00 000 0.00
ortho corr-(Cl)(COCI) 0.00 0.00 0.00 34.43 0.00 0.00 0.00 0.00 0.0
ortho corr-(F)(OH) 25.50 0.00 0.00 23.00 0.00 0.00 20.00 000 0.00
ortho corr-(CI)(COOH) 0.00 0.00 0.00 0.00 0.00 0.00 20.00 000 000
ortho corr-(Br)(COOH) 0.00 0.00 0.00 0.00 0.00 0.00 20.00 000 0.0
ortho corr-(1)(COOH) ‘ 0.00 0.00 0.00 0.00 0.00 0.00 20.00 000  0.00
ortho corr-(NH,)(NH>) ~10.00 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00
meta corr-(NH;)(NH,) 0.00 0.00 0.00 0.00 0.00 0.00 14.00 000 0.0
ortho corr-(OH)(CI) 7.50 0.00 0.00 0.00 0.00 0.00 11.00 0.00 0.0

cis corr-(CHa)(I) —4.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00  0.00

Group identities

C-(H);(C) = C-Hp(Cq) = C-(H}(C) = C-(H}Cs) = C-(H)s(0)
= C(Hp(CO) = C-(Hp(N) = C-(Hp(NA) = C-(H)(N)
= C-(H)(S) = C(H}(S) = C~(H)(SO)

C~(H)(C5) = C~(H)}C)(Cy):

CoH) = Ce(H)O) = Cr(H)S)

Ca(H)(Ca) = CeH)C) = CH)(Cs) = CorAO)Co

Ce—~(H)(Ce)2 = Ce-(H)(0)}Cs) = GCo-(HN)Cs) = Co-(H)N)(Cs)
= Ce-(H)S)Cp) = Cp(C)(O)Ce) = Cu(C)N)(Cs)
= Co~(C)(S)(Cs)

Ce~(Ca)(Cr)2 = Cg~(C)(Cg)2

Cs—(SO)(Cs): = Cp~(802)(Cs)

$~(Ca)2 = $~(Cs)2
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TABLE 3. General definitions and examples of notations for organic groups

C-(H):(C)

C-(H)2(C)2

CH)(C)s

CHCx

Cs~(H):

CC)

C~H)

C~C)

Cs~(H)(Cp)2

Cs—(Cs)a

Cor—~(Cer)(Ca)2

Car~(Cor)s

C

—CH; corr (tertiary)

—CH; corr (quaternary)

~CH; corr (tert/quat)

—CH; corr (quat/quat)

ortho corr, hydrocarbons

meta corr, hydrocarbons

TSC

rsc (unsub)

rsc (sub)

A carbon atom with three bonds to hydrogen atoms and the fourth bond to a carbon atom.
Example: Ethane.

A carbon atom with two bonds to hydrogen atoms and two bonds to carbon atoms.
Example: n- Hexane.

A carbon atom with one bond to a hydrogen atom and three bonds to carbon atoms.
Example: 2-Methylpropane.

A carbon atom with four bonds to carbon atoms.
Example: 2,2-Dimethyipropane.

A doubly-bonded carbon atom attached to two hydrogen atoms.
Example: Ethylene.

A doubly-bonded carbon atom attached to two carbon atoms.
Example: Propene.

A triply-bonded carbon atom attached to a hydrogen atom.
Example: Ethyne.

A triply-bonded carbon atom attached to a carbon atom.
Example: Propyne.

An aromatic ring (benzene) carbon atom bonded 1o a hydrogen atom and two other aromatic ring carbon atoms.
Example: Benzene.

An aromatic ring (benzene) carbon atom bonded to three aromatic ring carbon atoms.
Example: Biphenyl.

A fused aromatic ring carbon atom (such as the two fused ring carbon atoms in naphthalene) bonded to one other
fused aromatic ring carbon atom and aromatic ring carbon atoms.
Example: Naphthalene.

A fused aromatic ring carbon atom bonded to three other fused aromatic ring carbon atoms.
Example: Pyrene.

An allenic carbon atom. When allene is unsubstituted, the group values are equal to allene itself.
Example: Allene.

A correction for the attachment of each methyl group to a tertiary carbon atom.
Example: 2-Methylpropane.

A correction for the attachment of each methyl group to a quaternary carbon atom.
Example: 2,2-Dimethylpropane.

A correction for the attachment of each methyl group when there is both a tertiary and a quaternary carbon atom
present in the longest chain of a hydrocarbon.
Example: 2,2,3-Trimethylpentane.

A correction for the attachment of each methyl group when there are two quaternary carbon atoms present in the
longest chain of a hydrocarbon.
Example: 2,2,4,4-1etramethylpentane,

An aromatic ring correction for ortho substitution in hydrocarbon compounds.
Example: o-Xylene.

An aromatic ring correction for meta substitution in hydrocarbon compounds.
Example: m-Xylene.

Ring strain correction, rsc, for a cyclic non-aromatic compound.
Example: Cycloproparne.

Ring strain correction, rsc, for a cyclic non-aromatic unsubstituted compound.
Example: Cyclopentane.

Ring strain correction, rsc, for a cyclic non-aromatic substituted compound.
Example: Methylcyclopentane.

J. Phvs. Chem. Ref. Data, Vol. 22, No. 4, 1993



828

E. S. DOMALSKI AND E. D. HEARING

TABLE 3. General definitions and examples of notations for organic groups — Continued

C-(H)(C)(0)

00,

C-(H)(0)(C):

(alcohols, peroxides)

CH(H)(0)(C)

(ethers, esters)

CHO)(©)s
(alcohols, peroxides)

C-(0)(C)s

(cthers, esters)
C-(H)(C)(CN)
CB-(NO,)(CB):
NONO; (ortho corr)

NO,~COOH (ortho corr)

N-(H):(C)

(first, amino acids)

N-(H);(C)

(second, amino acids)

N-(H)(CO)
(amides, ureas)

N-(H):(CO)
(amino acids)
N-(H)(C)(CO)

(amides, ureas)

N-(H)(C)(CO)
(amino acids)

Zwiitterion energy,
aliphatic

Zwitterion energy,
aromatic 1

Zwitterion energy,
aromatic IT

A carbon atom bonded to two hydrogen atoms, a carbon atom, and an oxygen atom.
Example: Methanol.

An oxygen atom bonded to two carbon atoms.
Example: Dimethyl ether.

Tertiary carbon atom group in alcohols and peroxides.
Example: 2-Propanol, n- Heptyl-2-hydroperoxide.

Tertiary carbon atom group in ethers and esters.
Example: Methylisopropyl ether, Isopropyl acetate.

Quaternary carbon atom group in alcohols and
peroxides.
Example: terz-Butyl alcohol, Di-tert-butyl peroxide.

Quaternary carbon atom group in ethers and esters.
Example: Di-tert -butyl cther, tert-Butyl acctate.,

A carbon atom bonded to two hydrogen atoms, a carbon atom, and a nitrile (cyano) group.
Example: Propanenitrile.

An aromatic ring carbon atom bonded to a nitro group and two other aromatic ring carbon atoms.
Example: Nitrobenzene.

A correction for adjacent (ortho) substitution of NO; groups on an aromatic ring.
Example: o-Dintrobenzene.

A correction for substitution of an NO, group adjacent to a COOH group on an aromatic ring.
Example: o-Nitrobenzoic acid.

The first (and only) NH; group bonded to a carbon
atom in an amino acid.
Example: Glycine

The second NH; group bonded to a carbon atom in an
amino acid. '
Example: Lysine

A NH; group bonded to a carbonyl group, CO, in amides
and ureas.
Example: Acetamide, Urea.

A NH; group bonded to a carbonyl group, CO, in amino acids.
Example: Asparagine

A NH group bonded to a hydrogen atom, carbon atom,
and a carbonyl group in amides and ureas.
Example: N-Methylformamide, Methylurea.

A NH group bonded to a hydrogen atom, carbon atom,
and a carbonyl group in amino acids.
Example: Glycylglycine.

A correction for the conversion of an amino acid or
to a zwitterion in amino acids and peptides with aliphatic moieties.
Example: Glycine, Glycylalanine.

A correction for the conversion of an aromatic amino

acid or peptide to a zwitterion containing an aromatic ring attached directly to a conjugation detering group (such

as a ~CH;~ group).
Example: Phenylalanine, Glycylphenylalanine.

A correction for the conversion of an aromatic amino

acid or peptide to a zwitterion containing an aromatic ring attached directly to a conjugation enhancing group (such

as a >C=0 group).
Example: Hippuric acid, Hippurylglycine.
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TaBLE 3. General definitions and examples of notations for organic groups — Continued

Na-(C) A doubly-bonded (azo) nitrogen atom bonded to a carbon atom.
Example: Azomethane.
Na—~(Cs) A doubly-bonded (azo) nitrogen atom bonded to an aromatic ring carbon atom.
Example: trans-Azobenzene.
Na—(oxide)(C) A doubly-bonded (azoxy) nitrogen atom bonded to a carbon atom.
Example: Di-tert -butyldiazene N-oxide
N—C) A doubly-bonded (imino) nitrogen atom bonded to a carbon atom.
Example: N-Butylisobutyleneimine.
Ni—(Cs) A doubly-bonded (pyridine-type) nitrogen atom bonded to an aromatic ring carbon atom.
Example: Pyridine.
Nr~(CHs) (ortho corr) A doubly-bonded (pyridine-type) nitrogen atom in an aromatic ring adjacent to a substituted methyl group.
Example: 2-Picolinc
NN (ortho corr) A doubly-bonded (pyridine-type) nitrogen atom adjacent to an identical (pyridine-type) nitrogen atom in an aromatic
ring.

Example: Pyridazine

C~(H)2(C)(S) A carbon atom bonded to two hydrogen atoms, a carbon atom, and a sulfur atom.
Example: Methanethiol.

S—(C)(S) A sulfur atom bonded to a carbon atom and another sulfur atom.
Example: Dimethyl disulfide.

C-(H)(C)(F) A carbun atom bonded to two hydrogen atoms, a carbon atom, and a fluorinc atom.
Example: Fluoroethane.

ortho corr, (F}(F) A correction for the adjacent (ortho) substitution of two fluorine atoms on an aromatic ring.
Exampic: v-Difluurobenzenc.

ortho corr, (I(COOH) A correction for the substitution of a iodine atom adjacent (ortho) to a COOH group on an aromatic ring.
Example: 2-iodobenzoic acid.

ortho corr (CI)(CI") A correction for the substitution of a chlorine atom in an aromatic ring in the near proximity of another chlorine atom
in a different aromatic ring which is bonded to the first ring.
Example: 2,2’-Dichlorobiphenyl
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TABLE 4. n-Alkanes (25)

TaBLE 4. n-Alkanes (25) — Continued

Methane CH, Pentane CsHja
(1XC~H)y), 0 = 12 (2% C~(H)3(C)) + (3 C-(H)x(C),), o = 18
Literature — Calculated = Residual Reference Literature — Calculated = Residual Reference
Gas phase Gas phase
AH® = —74.48 ~74.48 0.00 72PIT/PIL AH® = —146.82 —146.41 ~0.41 70GOO0.
C = 351 35.73 -0.02 89FRI/ELY Cp = 120.21 120.13 0.08 69STU/WES
$° = 186.27 186.26 0.01 89FRI/ELY §° = 348.95 348.09 0.86 69STU/WES
AS° = —80.62 AS® = —464.04
AG® = —50.44 AG® = —-8.06
inK; = 20.35 InK; = 3.25
Liquid phase
Ethane CyHg Add® =  —173.51 -~172.41 -—1.10 70G00
(1x2xC-(H)(C)), o = 18 . Cp = 167.19 164.22 2.97 67’MES/GUT
S = 263.47 263.74 -0.27 67TMES/GUT
Literature — Calculated = Residual Reference AS° = -548.39
MG” = -8.91
InK; = 3.59
Gas phase
AH® = - 83.85 ~83.85 0.00 72PIT/PIL
C = 52.47 52.63 ~0.16 T3CHA/WIL
$° = 229.12 229.49 ~0.37 73CHA/WIL Hexane CeH)4
AS° = -173.711 (2x C(H)3(C)) + (4 x C-(H)z(C),), o = 18
AG® = -32.06
InKy = 12.93 Literature — Calculated = Residual Reference
Gas phase
Propane CsHs AHY = —167.28 —-167.04 -0.24 47085B/GIN
(2% C~(H)3(C)) + (1 x C(H)(C);), o = 18 G = 143.09 143.02 0.07 69STU/WES
: S° = 388.40 387.25 1.15 69STU/WES
Literature — Calculated = Residual Reference AS°® = -561.19
AG® = 0.28
InK; = -0.11
Gas phase
AH® = —104.68 -105.15 0.47 72PIT/PIL
Gy = 73.60 74.35 -0.75 7T3ICHA/WIL Liquid phase
§° = 270.20 269.77 0.43 T3CHA/WIL AH® = —198.66 -198.14 -0.52 69GOO/SMI
AS° = -269.74 Cy = 194.97 194.64 0.33 46DOU/HUF
AG® = —24.73 §° = 296.06 296.12 -0.06 46DOU/HUF
InK; = 9.98 AS° = —652.32
AG® = -3.65
InK; = 147
Butane CH;o
(2% C~(H)5(C)) + (2 X C~(H)2(C)2), ¢ = 18
Heptane C/Hie
Literature — Calculated = Residual Reference (2x C—(H)s(C))+ (5 X C~(H)(C)2), ¢ = 18
Literature — Calculated = Residual Reference
Gas phase
AH® = ~125.65 -125.78 0.13 72PIT/PIL
C = 98.49 97.24 1.25 75CHE/WIL Gas phase
§° = 30991 308.93 0.98 75CHE/WIL AH® = —187.48 -187.67 0.19 470SB/GIN
AS° = -366.89 C = 165.98 165.91 0.07 69STU/WES
AG® = -16.39 §° = 427.90 426.41 1.49 69STU/WES
InK; = 6.61 AS°® = ~658.34
AG° = 8.61
InK; = -3.47
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TABLE 4. n-Alkanes (25) — Continued TABLE 4. n-Alkanes (25) — Continued
Heptane (Continued) C/Hye Decane CieHaz
(2% C~H)(C)) + (SX C~(H):(C)a), o = 18 (@X C-(H)(C)) + (8X C~(H):(C):), o = 18
Literature — Calculated = ResidualReference Literature — Calculated = Residual Reference
Liquid phase Gas phase
A = —224.05 —223.87 -0.18 44PRO/ROS AH® = —249.66 —249.56 -0.10 470SB/GIN
C = 224.93 225.06 -0.13 61HUF/GRO C = 234.60 234.58 0.02 69STU/WES
§° = 328.57 328.50 0.07 61HUF/GRO S§° = 544.63 543.89 0.74 69STU/WES
AS° = -756.25 AS° = —949.79
AG® = 1.61 AG® = 33.62
InK; = —0.65 InK; = —13.56
Liquid phase
Octane CsHyg AH° = -300.62 -301.06 0.44 44PRO/ROS
@2 x C-(H)3(C)) + (6 X C-(H)2(C)2), ¢ = 18 C = 314.47 316.32 -1.85 S4FIN/GRO2
S§¢ = 425.89 425.64 0.25 S4FIN/GRO2
Literature — Calculated = Residual Reference AS°® = —1068.04
AG° = 17.38
InK; = -7.01
Gas phase
AH® = —20827 —208.30 0.03 470SB/GIN
G = 188.87 188.80 0.07 69STU/WES
S° = 466.73 465.57 1.16 69STU/WES Undecane CuHy,
AS® = 75549 (2% C-(H)(C)) + (9 X C~(H)(C)2), o = 18
AG® = 16.95 .
InkK; = -6.84 Literature — Calculated = Residual Reference
Liquid phase Gas phase
A = —249.78 —249.60 -0.18 44PRO/ROS AH® = -27091 -270.19 -0.72 45PRO/ROS2
G = 254.14 255.48 -1.34 S4FIN/GRO2 Cr = 257.44 257.47 -0.03 69STU/WES
§° = 361.20 360.88 0.32 S4FIN/GRO?2 S° = 583.58 583.05 0.53 69STU/WES
ASe = ~860.18 AS® = - 1046.94
AG® = 6.86 AG® = 41.96
InK; = -2.77 InK; = -16.92
Liquid phase
Nonane CsH3o AH® = —326.60 ~326.79 0.19 45PRO/ROS2
(2% C~(H)3(C)) + (7 x C~(H)(C),), o = 18 C, = 345.05 346.74 ~1.69 S4FIN/GRO2
§° = 458.15 458.02 0.13 S4FIN/GRO?2
Literature — Calculated = Residual Reference AS® = -1171.97
AG® = 22.63
InK¢ = -9.13
Gas phase .
AdH° =  ~-22824 —228.93 0.69 470SB/GIN
C = 2117 211.69 0.02 69STU/WES
S° = 505.68 504.73 0.95 69STU/WES Dodecane : CyHas
AS° = —852.64 (2 X C~-(H):(C) + (10 x C-(H)x(C),), ¢ = 1R
AG® = 25.29
InK; = -10.20 Literature —- Calculated = Residual Reference
N Giag phage
Liquid phase AH® = ~290.87 -290.82 -0.05 45PRO/ROS2
AH® = ~274.68 ~275.33 0.65 69GOO C = 280.33 280.36 -0.03 69STU/WES
G = 284.39 285.90 -1.51 54FIN/GRO2 S$° = 622.50 622.21 0.29 69STU/WES
$° = 303.67 303.26 041 S4FIN/GRO?2 ASC = —1144.10
AS® = -964.11 AG® = 50.29
AG® = 12.12 InKy = -20.29
InK; = ~4.89
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TABLE 4. n-Alkanes (25) — Continued

TABLE 4. n-Alkanes (25) — Continued

Dodecane (Continued) CaHz Pentadecane CysHj;
(2% C~(H)3(C)) + (10X C-(H)2(C)2), o = 18 (2% C-(H)3(C)) + (13 x C-(H)»(C),), 0 = 18
Literature — Calculated = Residual Reference Literature — Calculated = Residual Reference
Liquid phase Gas phase
AH° = -35213 —352.52 0.39 4SPRO/ROS2 AHC® = —352.75 -352.711 -0.04 45PRO/ROS2
C = 375.97 377.16 -1.19 54FIN/GRO2 Cp = 348.95 349.03 -0.08 69STU/WES
§° = 490.66 490.40 0.26 54FIN/GRO2 §° = 739.35 739.69 -0.34 69STU/WES
AS°® = -1275.90 AS° = —1435.55
AG® = 27.89 AG° = 75.30
InK; = -11.25 InK; = -30.37
Liquid phase
Tridecane CsHas AH® = —428.82 —429.71 0.89 45PRO/ROS2
2X C-(H)3(C)) + (11 X C-(H)2(C)z), & = 18 Co = 469.95 468.42 1.53 S4FIN/GRO2
§° = 587.52 587.54 -0.02 54FIN/GRO2
Literature — Calculated = Residual Reference AS° = —-1587.70
AG° = 43.66
InK; = -17.61
Gas phase
AH° = —311.50 —311.45 —0.05 45PRO/ROS2
C = 303.21 303.25 —-0.04 69STU/WES
§° = 661.45 661.37 0.08 69STU/WES Hexadecane CieHay
AS° = —1241.25 (2x C-(H)3(C)) + (14 x C(H)(C)2), ¢ = 18
AG® = 58.63
InK; = -23.65 Literature — Calculated = Residual Reference
Gas phase
Liquid phase AH° = =374.76 —373.34 -1.42 72MOR
AH° = ~377.69 -378.25 0.56 45PRO/ROS2 C, = 371.719 371.92 ~0.13 69STU/WES
C = 406.89 40758 = —0.69 S4FIN/GRO2 §° = 778.31 778.85 -0.54 69STU/WES
§° = 522.87 522.78 0.09 54FIN/GRO2 AS® = ~1532.70
AS° = ~1379.83 AG® = -83.63
AG® = 33.15 InK; = ~33.74
InK; = -13.37
Liquid phase
AH® = —456.14 —~455.44 ~-0.70 SSFRA/PRO
Tetradecane CH3o Cy = 501.45 498.84 2.61 54FIN/GRO2
(2% C-(H)3(C)) + (12X C~(H)2(C)2), o = 18 §° = 619.65 619.92 ~0.27 54FIN/GRO2
AS°® = -1691.63
Literature — Calculated = Residual Reference AG® = 48.92
InK; = -19.73
Gas phase
AH® = -33213 —332.08 -0.05 45PRO/ROS2 Solid phase
G = 326.06 326.14 -0.08 69STU/WES AH® = ~507.50 -505.22 ~2.28 69STU/WES
§° = 700.40 700.53 -0.13 69STU/WES Cp = 441.79 441.78 0.01
AS° = --1338.40 §° = 434.84 435.52 -0.68
AG® = 66.96 AS° = - 1876.03
InK; = -27.01 AMG° = 54.12
InK; = ~21.83
Liquid phase
A = —403.25 —403.98 0.73 45PRO/ROS2
Cy = 438.44 438.00 0.44 54FIN/GRO2
S§° = 555.43 555.16 0.27 S54FIN/GRO2
AS° = -1483.76
AG® = 38.40
InK; = -15.49
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TABLE 4. n-Alkanes (25) — Continued TABLE 4. n-Alkanes (25) — Continued
Heptadecane Cy7Hs Nonadecane CroHee
(2% C~(H)3(C)) + (15 X C-(H)z(C),), ¢ = 18 2x C~H)3(C))+ (17x CHH)x(C)), o = 18
Literature — Calculated = Residual Reference Literature — Calculated = Residual Reference
Gas phase . Gas phase
AH® = -393.92 -393.97 0.05 45PRO/ROS2 AH® =  —435.14 —435.23 0.09 45PRO/ROS2
G = 394.68 394.81 -U.13 0YSTU/WES G = 440.41 440.59 -0.18 6YSTU/WES
S° = 817.26 818.01 -0.75 69STU/WES §° = 895.17 896.33 -1.16 69STU/WES
AS° = —-1629.85 AS® = —1824.15
AG° = 91.97 AG® = 108.64
InK; = -37.10 InK¢ = -43.83
Liquid phase Liquid phase
AH° = -479.86 —~481.17 1.31 45PRO/ROS2 AH® = —530.95 —3532.63 1.68. 45PRO/ROS2
C = 53434 529.26 5.08 67IMES/GUT Cp = 590.10
S° = 652.24 652.30 -0.06 67MES/GUT $° = 717.06
AS° = —1795.56 A = —2003.42
AG° = 54.18 AG° = 64.69
InkK; = —21.85 InK; = —26.10
Solid phase Solid phase
AdH° = -53097 —534.63 3.66 67MES/GUT AH® = -593.45
C = 463.70 Cp = 507.54
e = 458.53 §° = 504.55
ASe = —1989.33 AS° = —2215.93
AG® = 58.49 AG® = 67.23
InK; = —23.59 InK; = -27.12
Octadecane CisHs Eicosane CoHe
(2x C-(H)s(C)) + (16 X C~(H)(C)s), o = 18 (2xC~(H):(C)) + (18X C~(H)2(C)2), o = 18
Literature — Calculated = Residual Reference Literature — Calculated = Residual Reference
Gas phase Gas phase
AH® = ° ~414.55 -414.60 0.05 45PRO/ROS2 AH® = —455.76 —455.86 0.10 45PRO/ROS2
C = 417.56 417.70 -0.14 69STU/WES C = 463.29 463.48 -0.19 69STU/WES
$° = 856.21 857.17 -0.96 69STU/WES §° = 934.12 935.49 -1.37 69STU/WES
© ASC = -1727.00 AS° = -1921.30
AG° = 100.31 AG° = 116.98
InK; = —40.46 InK; = -47.19
Liquid phase ) Liquid phase
AH® = -505.43 —506.90 1.47 45PRO/ROS2 AH® = —556.51 —558.36 1.85 45PRO/ROS2
Cp = 559.68 C = 620.52
§° = 684.68 §° = 749.44
AS° = —1899.49 AS° = —2107.35
AG® = 59.43 AG® = 69.95
anf = -23.97 ll‘lK( = -28.22
Solid phase Solid phase
AH° = -567.14 —-564.04 -3.10 67MES/GUT AH® = —622.86
Cy = 485.64 485.62 0.02 67MES/GUT C = 479.90 529.46 —49.56 30PAR/HUF
§° = 480.20 481.54 -1.34 67MES/GUT S = 558.56 527.56 31.00 30PAR/HUF
AS° = ~2102.63 AS° = —2329.23
AG® = 62.86 AG® = 71.60
Ink; = -25.36 Ink; = —28.88
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TABLE 4. n-Alkanes (25) — Continued TABLE 4. n-Alkanes (25) — Continued
Tetracosane CyHse Hexacosane CaHs4
(2x CH)5(C)) + (22 x C-(H)2(C)2) (2% C~(H)3(C)) + (24 x C(H)x(C)2)
Literature - Calculated = Residual Reference Literature — Calculated = Residual Reference
Gas phase
Gas phase AH® = - 579.64
AH® = ~538.38 G = 600.82
C = 555.04
Liquid phase
Liquid phase AH® = -712.74
AH® = —-661.28 C = 803.04
G = 742.20 §° = 943.72
§° = 878.96 AgS° = —2730.94
AS® = -2523.07 AG° = 101.49
AG® = 90.97 InK¢ = —40.94
nK; = —-36.70
Solid phase
Solid phase Adl® = —799.32
AH® = —740.50 G = 661.20 660.98 0.22 76AND/MAR
G = 730.94 617.14 113.80 49PAR/MOO §° = 667.01 665.62 1.39 76AND/MAR
§° = 651.03 619.60 3143 49PAR/MOO AS® = -~ 3009.04
AS°® = —2782.44 AG® = 97.82
AG® = 89.08 InK; = -39.46
InK; = -35.94
Dotriacontane Cs:Hes
Pentacosane CasHs; (2x C-(H);(C)) + (30 x C~(H)2(C)2)
(2% C-(H)3(C)) + (23 X C=(H)z(C)z)
Literature — Calculated = Resldual Reference
Literature — Calculated = Residual Reference
Gas phase
Gas phase AH® = —-703.42
AH® = -559.01 Cr = 738.16
Cp = 577.93
Liquid phase
Liquid phase AH® = -867.12
AH® = -687.01 Gy = 985.56
C = 772.62 §° = 1138.00
§° = 911.34 AN = —3354.52
AS°® = —2627.01 AG® = 133.03
AG® = 96.23 InK; = - 53.66
InK; = -38.82
Solid phase
Solid phase Ad° = —968.34 -975.78 7.44 31BEC
AH® = —-769.91 Cy = 877.38 792.50 84.88 49PARMO0O
G = 769.02 639.06 129.96 30PAR/HUF §° = 851.44 803.68 47.76 49PAR/MOO
§° = 671.11 642.61 28.50 30PAR/HUF AS° = —3688.84
AlS° = ~2895.74 AG® = 124.05
AG® = 93.45 InK; = -50.04
InK; = -37.70
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TABLE 4. n-Alkanes (25) ~ Continued

TABLE 5. t-Alkanes (35)

Tritriacontane CssHes
(2x C~(H)3(C)) + (31 X C<(H)x(C)2)
Literature — Calculated = Residual Reference
Gas phase
AH® = - 724.05
= 761.05
Liquid phase
AH°® = —892.85
G = 1015.98
$° = 1170.38
AS® = ~3458.45
AG® = 138.29
InK; = - 55.78
Solid phase
AHC = —-1005.19
G = 900.82 814.42 86.40 30PAR/HUF
S0 = R77.80 R2A .69 s1.11 3NPAR/HUF
AS® = -3802.14
AG° = 128.42

InK¢

~51.80

2-Methylpropane CsHyo
(3% C-(H)3(C)) + (1 x C(H)(C)3) +
(3x~CHj corr (tertiary)), o = 81
Literature — Calculated = Residual Reference
Gas Phase
AH® =  —134.18 —134.73 0.55 T2PIT/PIL
Cy = 96.65 97.27 -0.62 75CHE/WIL
§° = 295.39 291.82 3.57 T5CHE/WIL
AS° = —383.00
AG° = -20.24
InK; = 8.17
2-Methylbutane CsHpx
(3xCAH)3(C)) + (1 x C~(H)2(C)2) + (1 X C~(H)(C)s) +
(2x~CH; corr (tertiary)), o = 27
Literature — Calculated = Residual Reference
Gas Phase
AH® = —-15293 ~153.10 0.17 70GO0O
Cy = 118.78 120.16 ~1.38 69STU/WES
S0 = 343 59 340.12 347 69STU/WES
AS° = —472.01
AG° = ~12.37
InkK; = 4.99
Liquid Phase
AH® = —178.91 -177.69 ~1.22 70G00
Cp = 164.85 161.24 3.61 43GUT/HUF
$° = 260.41 258.39 2.02 43GUT/HUF
AS° = —~553.74
AG® = ~12.59
InK; = 5.08
2-Methylpentane CH,yy
(3% C~(H)5(C)) + (2 X C~(H)2(C)) + (1 X C(H)(C)s) +
(2x~CHj corr (tertiary)), o = 27
Literature — Calculated = Residual Reference
Gas Phase
AH® =  -174.77 —173.73 —-1.04 49WAD/SM1
Cp = 144.18 143.05 113 69STU/WES
§° = 380.53 379.28 125 69STU/WES
AS° = —569.16
A = -4.03
InK; = 1.63
Liquid Phase
AH® = ~204.64 —203.42 -122 41PRO/ROS
Cp = 193.72 191.66 2.06 46DOU/HUF
S = 280.58 290.77 -0.19 46DOU/HUF
AS° = - 657.67
AG® = -7.34
InK; = 2.96
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TABLE 5. f-Alkanes (35) — Continued

TABLE 5. t-Alkanes (35) — Continued

2-Methylhexane CoHy¢ 2-Methyloctane (Continued) C,Hy,
(3% C-(H)3(C)) + (3x C~(H)2(C)2) + (1 X C(H)(C)3) + (3% CH)(C)) + (5 X C-(H)(C)2) + (1 X C(H)(C)s) +
(2x—-CHj; corr (tertiary)), o = 27 (2x-CH; corr (tertiary)), o = 27
Literature — Calculated = Residual Reference Literature — Calculated = Residual Reference
Gas phase .. . Liquid phase
AH° = —194.64 —194.36 -0.28 86TRC AH® = —280.61
C = 165.98 165.94 0.04 69STU/WES C = 282.92
§° = 419.99 418.44 1.55 69STU/WES §° = 387.91
AS° = —666.31 AS° = —969.46
AG® = 4.30 AG® = 8.43
Ian = - 1.73 IDK[ = - 3.40
Liquid phase : 2-Methylnonane Chola
AH® = ~229.49 -229.15 -0.34 41PRO/PRS2 (3% C~(H)3(C)) + (6 X C~(H)2(C)2) + (1 x C-(H)(C)3) +
G = 222.92 222.08 0.84 61HUF/GRO (2x~CHj corr (tertiary)), o = 27
§° = 323.34 323.15 0.19 61HUF/GRO
AS® = —761.60 Literature — Calculated = Residual Reference
AG° = -2.08
InK; = 0.84
Gas phase
AH® = —256.25
C, = 242.09 234.61 7.48 69STU/WES
2-Methylheptane CsHis S° = 534.46 535.92 ~-1.46 69STU/WES
(3% CH)3(C)) + (4 x CH(H)2(C)2) + 1 x C(H)(C)5) + AS°® = —957.76
(2x~CHi; corr (tertiary)), o = 27 AG® = 29.31
InK; = -11.82
Literature — Calculated = Residual Reference
Liquid phase
Gas phase AH® = —306.34
AH® = =215.35 -214.99 -0.36 470SB/GIN C = 313.30 313.34 -0.04 41PAR/WES
Cp = 188.87 188.83 0.04 69STU/WES §° = 420.07 420.29 -0.22 41PAR/WES
§° = 455.26 457.60 -2.34 69STU/WES AS° = -1073.39
AS° = —763.46 AG® = 13.69
AG® = 12.64 InKy = -5.52
InK; = ~5.10
Liquid phase 2-Methyldecane CHy,
AH° = —255.01 —254.88 -0.13 45PRO/ROS (3 x C-(H)3(C)) + (7 x C(H)2(C)z) + (1 x C~(H)}(C);) +
Cp = 252.00 252.50 -0.50 7IMES/FIN (2x~CHj; corr (tertiary))
§° = 356.39 355.53 0.86 TIMES/FIN
AS® = - 865.53 Literature — Calculated = Residual Reference
AG® = 3.18
InK; = -1.28
Gas phase
AH® = —276.88
Cy = 257.50
2-Methyloctane CoHzo
(3% C-(H)s(C)) + (5 X C(H)2(C)2) + (1 x C(H)(C)s) +
(2x~CHj corr (tertiary)), o = 27 Liquid phase
AH® = —332.07
Literature — Calculated = Residual Reference Cs = 341.21 343.76 -2.55 7IMES/FIN
S° = 453.80 452.67 113 7IMES/FIN
AS° = -1177.32
Gas phase AG® = 18.95
AHC = —235.62 InK; = -7.64
C = 217.07 211.72 535 69STU/WES
§° = 495.89 496.76 -0.87 69STU/WES
AS° = —860.61
AG° = 20.97
InK; = —-8.46
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TABLE 5. t-Alkanes (35) — Continued

TaBLE 5. t-Alkanes (35) — Continued

3-Methylpentane CeHyy 3-Methylheptane (Continued) CsHjs
(3% C(H)3(C)) + (2 C-(H)(C)a) + (1% C~H)(C)s) + (3X C=(H)5(C)) + (4 X C~(H)2(C)a) + (1 X CH)(O)) +
(1x-CHj corr (tertiary)), ¢ = 54 (1x~CH; corr (tertiary)), o = 27, m = 2
Literature — Calculated = Residual Reference Literature — Calculated = Residual Reference
Gas phase Liquid phase
AH® =  ~172.09 —171.47 -0.62 49WAD/SMI AH® = -25234 ~252.70 0.36 45PRO/ROS
G = 143.09 143.05 0.04 69STU/WES C = 250.20 252.50 —2.30 73FIN/MES
§° = 379.78 373.51 6.27 69STU/WES §° = 362.63 355.53 7.10 73FIN/MES
AS® = —574.92 AS°® = —~865.53
AG® = —0.06 AGe = 5.36
]an = 0.02 lllK( = -2.16
Liquid phase
AH® = —20238 —201.24 -1.14 41PRO/ROS 3-Methyloctane CoHyo
C = 190.66 191.66 —1.00 T3MES/FIN (B3 X C~(H)3(C)) + (5 x C-(H)2(C)2) + (1 x C~(H)(C)3) +
se = 29255 260,77 1.78 73MES/FIN (1X~CH; corr (tertiary)), o = 27,7 = 2
AS® = —657.67
AG° = -5.16 Literature — Calculated = Residual Reference
InK; = 2.08
Gas phase
3-Methylhexane CiH,e AH® = —233.36
(3% C~(H)5(C)) + (3X C~(H)2(C)2) + (1 x C-(H)(C)s) + Ce = 21259 211.72 0.87 69STU/WES
(1X—CH; corr (tertiary)), ¢ = 27,m = 2 §° = 501.66 502.52 -0.86 69STU/WES
AS® = ~854.85 :
Literature — Calculated = Residual Reference AG° = 21.51
InK¢ = —8.68
Gas phase )
AH° = -—-191.33 -192.10 0.77 86TRC Liquid phase
Cy = 165.98 - 165.94 0.04 69STU/WES AH® = -278.43
§° = 42413 42420 -0.07 69STU/WES C = 282.92
AS° = —660.55 S = 387.91
AG® = 4.84 AS® = -969.46
InK; = ~1.95 AG® = 10.61
InK; = —-4.28
Liquid phase
A =  -226.44 -226.97 0.53 41PRO/ROS2
C = 218.00 222.08 —4.08 30HUF/PAR2 3-Methylnonane CieHz2
$° = 309.60 323.15 -13.55 30HUF/PAR2 (3% C~(H)3(C)) + (6% C-(H)5(C)2) + (1 X C~(H)(C)3) +
AS°® = ~761.60 (1x~-CHj corr (tertiary)), ¢ = 27, m = 2
AG® = 0.10
InK; = ~-0.04 Literature — Calculated = Residual Reference
Gas phase
3-Methylheptane CeHys AH® = ~253.99
(3 X C~(H)3(C)) + (4 X C~(H)2(C)2) + (1 X C~H)(C)s) + Cy = 237.61 234,61 3.00 69STU/WES
(1x~CH; corr (tertiary)), o0 = 27, m = 2 $° = 540.24 541.68 -1.44 69STU/WES
AS° = -952.00
Literature — Calculated = Residual Reference AG® = 29.85
Ink; = -12.04
Gas phase
AH® = -212.51 -212.73 0.22 470SB/GIN Liquid phase
G = 188.87 188.83 0.04 69STU/WES AH® = ~304.16
§° = 461.58 463.36 -1.78 69STU/WES Cy = 308.99 313.34 —4.35 41PAR/WES
AS°® = ~757.70 §° = 427.19 420.29 6.90 41PAR/WES
AG® = 13.18 AS° = -1073.39
InK; = ~532 AG® = 15.87
InK; = -~ 6.40
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TABLE 5. t-Alkanes (35) — Continued TaBLE 5. t-Alkanes (35) — Continued
4-Methylheptane CsH;s 4-Methylnonane (Continued) CroH22
(3 X C—(H)3(C)) + (4 X C-(H)2(C)2) + (1 X C-(H)(C)s) + (3 X C—=(H)3(C)) + (6 x C-(H)2(C)2) + (1 x C-(H)(C)3) +
(1x~CH; corr (tertiary)), o = 54 (1x—CH; corr (tertiary)), o = 27, m = 2
Literature — Calculated = Residual Reference Literature — Calculated = Residual Reference
Gas phase Liquid phase
AH® = -21196 -212.73 0.77 470SB/GIN AH® = —-304.16
C = 188.87 188.83 0.04 69STU/WES Cy = 317.36 313.34 4.02 41PAR/WES
S = 453.34 451.83 1.51 69STU/WES S° = 425.51 420.29 5.22 41PAR/WES
AS° = —769.23 AS° = —1073.39
AG° = 16.61 AG®° = 15.87
InK; = -6.70 InkK; = -6.40
Liquid phase
AH® = ~251.63 -252.70 1.07 45PRO/ROS 5-Methylnonane . CroHz
G = 251.09 252.50 -1.41 470SB/GIN (3% C-(H)3(C)) + (6 X C-(H)(C)2) + (1 X C~(H)(C)3) +
§° = 355.53 (1x—CH; corr (tertiary)), o = 54
AS°® = ~865.53
AG® = 5.36 Literature — Calculated = Residual Reference
InK; = -2.16
Gas phase
AH® = —253.99
4-Methyloctane CoHyy Cy = 237.61 234.61 3.00 69STU/WES
(3x C-(H)3(C)) + (5 X C-(H)2(C)z) + (1 x C-(H)(C)3) + §° = 534.46 530.15 4.31 69STU/WES
(1% ~CHj; corr (tertiary)), o = 27, m = 2 AS° = —963.53
AG® = 33.29
Literature — Calculated = Residual Reference InK; = -13.43
Gas phase Liquid phase
AH® = -233.36 AH® = —-304.16 :
Cy = 212.59 211.72 0.87 69STU/WES Cy = 314.43 313.34 1.09 41PAR/WES
§° = 501.66 502.52 ~0.86 69STU/WES $° = 423.84 42029 3.55 41PAR/WES
AS° = —854.85 AS° = -1073.39
AG® = 21.51 AG° = 15.87
InK¢ = -8.68 InK; = -6.40
Liquid phase
AH® = —-278.43 3-Ethylpentane CHj¢
s = 282.92 (3% C~(H)3(O)) + (3 X C—(H)a(C)) + (1 X C~(H)(C)s), v = 54
§° = 387.91
AS° = —969.46 Literature — Calculated = Residual Reference
AG® = 10.61
InK = —4.28
Gas phase
AH® = —189.33 —-189.84 0.51 470SB/GIN
Cp = 165.98 165.94 0.04 69STU/WES
4-Methylnonane CoH;, §° = 411.50 412.67 -1.17 69STU/WES
(3% C~(H)5(C)) + (6 X C~(H)2(C)2) + (1 x C~(H)(C)3) + AS° = -672.07
(1x~CHs corr (tertiary)), o = 27,m = 2 AG® = 10.54
h’le = -4.25
Literature — Calculated = Residual Reference
Liquid phase
Gas phase AH® =  —224.56 -224.79 ' 0.23 41PRO/ROS2
AH® = —253.99 G = 219.58 222.08 - =250 61HUF/GRO
Cy = 237.61 234.61 3.00 69STU/WES §° = 314.55 323.15 —8.60 61HUF/GRO
§° = 540.24 541.68 -1.44 69STU/WES AS° = —761.60
AS° = -952.00 AG® = 2.28
AG? = 29.85 InK; — —-0.92
InK¢ = —12.04
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TABLE 5. t-Alkanes (35) — Continued

TaBLE 5. t-Alkanes (35) — Continued

3-Ethylhexane

CsHis

(3x C~(H)5(0)) + (4 X C~(H)z(C)2) + (1 X C(H)(C)s), o = 27

3-Ethyloctane (Continued) CioH32;
(3% C—(H)5(C)) + (6 X C—-(H)(C);) + (1 X C-(H)(C)3), 0 = 27

Literature — Calculated = Residual Reference Literature — Calculated = Residual Reference
Gas phase Liquid phase
AH® =  -210.71 -210.47 -0.24 470SB/GIN AH® = —301.98
C = 188.87 188.83 0.04 69STU/WES C = 313.34
§° = 458.19 457.60 0.59 69STU/WES §° = 420.29
AS° = —763.46 AS°® = —1073.39
AG® = 17.16 AG® = 18.05
InK; = -6.92 InK; = -7.28
Liquid phase
AH® = ~250.41 —-250.52 0.11 45PRO/ROS 4-Ethylheptane CsHyo
Cp = 252.50 (3% C-(H)3(C)) + (5 x C(H)2(C)2) + (1 X C-(H)(C)3), 0 = 54
S§° = 355.53
AS°® = —865.53 Literature — Calculated = Residual Reference
AG° = 7.54
InK; = -3.04
Gas phase
AH® = -231.10
G = 208.11 211.72 -3.61 69STU/WES
3-Ethylheptane CoHy §° = 495.89 490.99 4.90 69STU/WES
(3% C-(H)3(C)) + (5 X C~(H)2(C)2) + (1 x CHH)(C)3), o = 27 AS° = —866.38
AG® = 27.21
Literature — Calculated = Residual Reference InK; = -10.98
Gas phase Liquid phase
AH® = -231.10 AH° = -276.25
Cp = 208.11 211.72 -3.61 69STU/WES G = 282.92
§° = 495.89 496.76 -0.87 69STU/WES §° = 387.91
AS° = -860.61 AS® = ~969.46
AG° = 25.49 AG® = 12.79
anr = -10.28 anf = -35.16
Liquid phase
AH® = -276.25 4-Ethyloctane CyoHzz
Cp = 282.92 (3 X C-(H):(C)) + (6 X C—~(H)a(()a) + (1 X C~(HY(C)a), ¢ = 27, m = 2
§° = 387.91
AS® = - 969.46 Literature — Calculated = Residual Reference
AG® = 12.79
InK = —5.16
Gas phase
AH® = -251.73
Cy = 233.13 234.61 -1.48 69STU/WES
3.Ethyloctane CioHan §° = 534.46 541.68 -722 69STU/WES
(3% C~(H)3(C)) + (6 x C~(H)z(C)2) + (1 x C~(H)(C)3), v = 27 AS° = -952.00
AG® = 3211
Literature — Calculated = Residual Reference InkKy = ~12.95
Gas phase Liquid phase
AH® = -251.73 AH® = —-301.98
Cp = 233.13 23461 -1.48 69STU/WES Cp = 313.34
§° = 534.46 535.92 -1.46 69STU/WES S§° = 420.29
AS°® = -~957.76 AS° = -1073.39
AG® = 33.83 AG® = 18.05
InK; = —13.65 InK; = -7.28
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TABLE 5. ¢-Alkanes (35) — Continued TABLE 5. t-Alkanes (35) — Continued
4-Propylheptane CyoHy2 2,4-Dimethylpentane (Continued) C/Hy¢
(3% CH)3(0)) + (6 X C(H)(C)) +(1X C~(H)(C)), o = 54 (4 X C~(H)3(C)) + (1 X C~(H)x(C)2) + (2 X C~(H)(C)s) +
(4 x—CH; corr (tertiary)), ¢ = 162
Literature — Calculated = Residual Reference
Literature — Calculated = Residual Reference
Gas phase
AH® = ~251.73 _ Liquid phase
G = " 233.13 234.61 —-1.48 69STU/WES AH® =  —234.60 —234,43 -0.17 41PRO/ROS2
§° = 525.34 530.15 —4.81 69STU/WES C = 22422 219.10 5.12 61HUF/GRO
AS® = -963.53 S° = 303.17 317.80 —14.63 61HUF/GRO
AG® = 35.55 AS° = —766.95
InK; = -14.34 AG° = -5.76
InK; = 233
Liquid phase
AH® = —301.98
C = 313.34 2,4-Dimethylhexane CsHyg
$° = 420.29 (4 C~(H)3(C)) + (2 C~(H)2(C)2) + (2 X C-(H)C),) +
AS° = -1073.39 (3x~CH3 corr (tertiary)), o = 81
AG® = 18.05
InK; = -~7.28 Literature — Calculated = Residual Reference
Gas phase
4-Isopropylheptane CioHz, AH® = —219.24 —219.42 0.18 470SB/GIN
(4 x C(H)3(C)) + (4 x C-(H)2(C)2) + (2 x C-(H)(C)s3) + .= 188.87 188.86 0.01 69STU/WES
{2x—-CH; corr (tertiary)), o = 54 §° = 445.64 449.63 -399 69STU/WES
AS° = —771.43
Literature — Calculated = Residual Reference AGe = 10.58
InK; = —4.27
Gas phase
AH® = —~258.42 Liquid phase
C = 231.00 234.64 —-3.64 69STU/WES AH® = -257.02 —257.98 0.96 45PRO/ROS
§° = 521.45 525.55 —-4.10 69STU/WES C = 249.52
AS° = ~968.13 S = 350.18
AG® = 30.23 AS® = —870.88
InK; = -12.19 AG® = 1.67
]IIK( = - 067
Liquid phase
AH® = —307.26
Cp = 310.36 2,5-Dimethylhexane CsHjs
5° = 41494 (4 C-(A(C)) + (2 C(HR(C:) + 2 C-H)(C)o) +
AS® = —1078.74 (4 x~CH; corr (tertiary)), o = 162
AG° = 14.37
InK; = -5.80 Literature — Calculated = Residual Reference
: Gas phase
2,4-Dimethylpentane C,H,¢ AH® =  —-22251 —221.68 ~0.83 4708B/GIN
(4% C-(H)3(C)) + (1 X C-{H)2(C)2) + (2 x C-(H)(C)3) + G = 188.87 188.86 0.01 69STU/WES
(4x—CHj; corr (tertiary)), o = 162 §° = 439.03 438.10 0.93 69STU/WES
AS° = —782.96
Literature — Calculated = Residual Reference AG® = 11.76
InKf = —4.74
Gas phase
AH° = -201.71 —201.05 -0.66 470SB/GIN Liquid phase
C = 165.98 165.97 0.01 69STU/WES AH® = —260.37 —260.16 -0.21 45PRO/ROS
S§° = 396.64 398.94 -2.30 69STU/WES Cp = 249.20 249.52 -0.32 470SB/GIN
AS° = —685.81 §° = 350.18
AG® = 3.42 AS° = —870.88
InK; = -1.38 AG® = -0.51
InK; = 0.20
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TABLE 5. t-Alkanes (35) — Continued

TABLE 5. t-Alkanes (35) — Continued

2,3-Dimethylbutane CeHy4 2,3-Dimethylhexane (Continued) CsHys
(4 X C(H)5(C)) + (2x C~H)(C)3) + (4% C-(H)3(C)) + (2x C~(H)(C)2) + (2 x C-(H)(C)3) +
(4x-CHj corr (tertiary)), o = 162 (3 x—CH; corr (tertiary)), o = 81
Literature — Calculated = Residual Reference Literature — Calculated = Residual Reference
Gas phase Liquid phase
AdH® = —178.28 -180.42 2.14 470SB/GIN AH® = —252.59 —-257.98 539 45PRO/ROS
C = 140.54 143.08 —2.54 69STU/WES . = 249.52
S = 365.77 359.78 5.99 69STU/WES S° = 350.18
AS° = —588.66 AS° = —870.88
AG® = —491 AG® = 1.67
InK; = 1.98 InK; = —0.67
Liquid phase
AH® = —-207.40 —208.70 1.30 41PRO/ROS 3,4-Dimethylhexane CsHyg
ce = 188.68 (4 X CA(H)3(C)) + (2 C{(H)x(C)2) + (2 x C-(H)(C)s) +
§° = 285.42 (2x~CHj corr (tertiary)), o = 81
“AS° = —663.02
AG® = -11.02 Literature — Calculated = Residual Reference
InK; = 4.45
Gas phase
AH® = —212.84 -217.16 432 470SB/GIN
2,3-Dimethylpentane Cy/Hye Cy = 188.87 188.86 0.01 69STU/WES
(4 x C-(H)3(C)) + (1 X C-(H)2(C)2) + 2 x C~(H)(C)5) + S° = 448.32 449.63 -131 69STU/WES
(3x—CH; corr (tertiary)), o = 81 AS° = -771.43
AG° = 12.84
Literature — Calculated = Residual Reference nK; = -5.18
Gas phase Liquid phase
AH® =  —198.87 -198.79 -0.08 470SB/GIN AH® = —251.83 ~255.80 3.97 45PRO/ROS
Cp = 165.98 165.97 0.0t GISTII/WES () = 249 52
§° = 414.05 410.47 3.58 69STU/WES S$° = 350.18
AS® = - 674.28 AS° = - 870.88
AG® = 2.25 AG® = 3.85
InK, = -091 InK; = —-1.55
Liquid phase
AH® = —233.09 —232.28 - 0.84 A1PROJ/ROS2 3.Ethyl-2.methylpentane CeH,y
G = 218.30 219.10 ~0.80 76FIN/GRO (4 x C-(H)3(C)) + (2 X C-(H)2(C)z) + (2 x C~(H)(C)3) +
§° = 297.10 317.80 -20.70 76FIN/GRO (2% ~CHj corr (tertiary)), o = 81
AS® = - 766.95
AG® = —1358 Literature — Calculated = Residual Reference
InK; = 1.45
Gas phase
AH° = —211.04 —~217.16 6.12 470SB/GIN
2,3-Dimethylhexane CsHyse Cp = 188.87 188.86 0.01 69STU/WES
(4 X C-(H)3(C)) + (2 X C-(H)2(C)2) + (2 x C-(H)(C)3) + §° = 441.12 443.86 ~2.74 69STU/WES
(3x~CH; corr (tertiary)), o = 81 AS° = ~777.20
AGe = 14.56
Literature — Calculated = Residual Reference InK; = -5.87
Gas phase Liquid phase
AdH® = -213.80 -219.42 - 5.62 470SB/GIN AH® = —249.58 —255.80 6.22 45PRO/ROS
G = 188.87 188.86 0.01 69STU/WES C, = 249.52
§° = 443.96 443.86 0.10 69STU/WES §° = 350.18
AS® - 17120 AS® = 870.88
AG? = 12.30 AG® = 3.85
anf = — 4,96 ]an = - 1.55
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TABLE 5. t-Alkanes (35) — Continued TABLE 6. g-Alkanes (16)
2,3,4-Trimethylpentane CsH,5 2,2-Dimethylpropane CsHjz
(5% C-(H):(C)) + (3 x CH)(O)») + (4x C~(H):(0)) + (1X CH(C)a) +
(5% ~CH; corr (tertiary)), o = 243 (4 Xx-CH; corr (quaternary)), o = 972
Literature — Calculated = Residual Reference Literature — Calculated = Residual Reference
Gas phase Gas phase
AHS = =217.32 -226.11 8.79 470SB/GIN AH° = —16794 —168.08 0.14 70GO0O
G = 188.87 188.89 -0.02 ~ 69STU/WES Cy = 121.63 119.45 2.18 69STU/WES
§° = 428.07 430.13 —2.06 69STU/WES $§° = 306.39 302.59 3.80 69STU/WES
AS® = -790.93 . AS° = —-509.53
AG° = -9 AG° = -16.16
Ink; = -3.92 InK; = 6.52
Liquid phase Liquid phase
AH® = —-255.01 -263.26 8.25 45PRO/ROS AH® =  ~190.33 ~190.01 -0.32 70GO0
G = 246.23 246.54 -031 41PIT/SCO C) = 153.09 156.16 -3.07 69STU/WES
§° = 329.32 344.83 -15.51 41PIT/SCO 8" = 216.81 234.55 -17.74 69STU/WES
AS° = —876.23 AS° = —577.58
AG® = ~2.01 AG® = ~17.81
an( = 0.81 |an == 7.18
2,2-Dimethylbutane CsHyq
2,7-Dimethyloctane CioH22 (4 x C-(H)3(O)) + (1 X C-(H)2(C)2) + (1 X CHC)a) +
(4% C-(H)3(C)) + (4 x C-{H)(C)2) + (2 x CH(H)(C)3) + (3 x—CHj corr (quaternary)), o = 243
(4 x=CHj corr (tertiary)), o = 162
’ Literature — Calculated = Residual Reference
Literature — Calculated = Residual Reference
Gas phase
Gas phase AH® = ~186.10 ~184.15 -1.95 470SB/GIN
H°® = -264.01 —262.94 -1.07 69STU/WES Cp = 141.88 142.34 -0.46 69STU/WES
Cy = 235.56 234.64 0.92 69STU/WES §° = 358.23 353.28 4.95 69STU/WES
$° = 515.68 516.42 -0.74 69STU/WES AS° = —595.16
AS° = —-977.26 AGe = -6.70
AG® = 28.43 inK; = 2.70
InK; = —11.47
Liquid phase
Liquid phase AH® = -213.80 —211.35 —245 41PRO/ROS
AH® = -311.62 Cy = 188.74 186.58 2.16 46DOU/HUF
G = 301.67 310.36 -8.69 30PAR/HUF $° = 272.00 266.93 5.07 46DOU/HUF
S = 414.94 AS° = -681.51
AS°® = -1078.74 AG® = -8.16
AG® = 10.01 InK; = 329
InK; = -4.04
2,2-Dimethylpentane C;Hy¢

(4Xx C(H)s(C)) + (2% C(H)z(C)2) + (1 X C(C)o) +
(3x-CH; corr (quaternary)), ¢ = 243

Literature — Calculated = Residual Reference
Gas phase
AH° = -205.85 —204.78 -1.07 470SB/GIN
C: = 165.98 165.23 0.75 69STU/WES
§° = 392.88 392.44 0.44 69STU/WES
AS° = —692.31
AG® = 1.63
]an = - 0.66
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TABLE 6. g-Alkanes (16) — Continued TABLE 6. g-Alkanes (16} — Continued
2,2-Dimethylpentane (o) ; PP 3,3-Dimethylhexane CsHys
(4 % C-(H)5(Q)) + (2% C~(H)2(C)z) + (1 X C~C)a} + (4 X C-(H)5(C)) + (3 X C~(H)2(C)2) + (1 X C~HC)) +
(3x~CHj3 corr (quaternary)), o = 243 (2% ~CHjs corr (quaternary)), o = 81
'Litcraturc — Calculated = Residual Reference Literature — Calculated = Residual Reference
Liquid phase Gas phase
AH® = 23828 ~237.08 -1.20 41PRO/ROS2 AH® = —219.99 -220.85 0.86 470SB/GIN
G = 221.12 217.00 412 61HUF/GRO Cy = 188.87 188.12 0.75 69STU/WES
§° = 300.29 299.31 0.98 61HUF/GRO §° = 438.06 440.73 —2.67 69STU/WES
AS°® = —785.44 AS° = —780.33
AG® = -2.90 AG° = 11.80
InK; = 1.17 InK; = —4.76
Liquid phase
2,2-Dimethylhexane CsHys AH® = =257.53 —258.42 0.89 4SPRO/ROS
(4 x C-(H)3(C)) + (3 x C«(H)2(C)2) + (1 x C~C)s) + Cy = 246.60 24742 -0.82 47OSB/GIN
(3 x~CH; corr (quaternary)), o = §° = 331.69
AS® = —889.37
Literature — Calculated = Residual Reference MG = 6.75
InK; = -2.72
Gas phase
AH® = —224.60 -22541 0.81 470SB/GIN 2,2,3-Trimethylbutane CoHy6
G = 188.87 188.12 0.75 69STU/WES (5 x C~(H)3(C)) + (1 X C~(H)(C)3) + (1 X C~(C)s) +
§° = 43120 431.60 —0.40 69STU/WES (5 x—CHi; corr (tert/quat)), o = 729
AS° = -~ 789.46
AG° = 9.97 Literature ~ Calculated = Residual Reference
InK; = —4.02
Gas phase
Liquid phase AH® =  ~204.47 ~202.27 -220 470SB/GIN
AdH° = —261.88 ~262.81 0.93 45PRO/ROS C = 164.56 165.26 -0.70 69STU/WES
Cy = 24742 §° = 383.60 378.70 4.90 69STU/WES
S§° = 331.69 AS® = - 706.04
AS® = ~889.37 AG® = 8.24
AG® = 236 InK; = —-3.32
InKy = -0.95
Liquid phase
AH® = ~236.52 —233.68 -2.84 41PRO/ROS2
3,3-Dimethylpentane C7H;6 = 213.51 214.02 -051 61HUF/GRO
(4% C—(H)3(C)) + (2 X C~(H)z(C)2) + (1 X C~(C)a) + Se = 29225 293.96 -17 61HUF/GRO
(2x~CHj corr (quaternary)), o = 162 AS° = —790.79
AG® = 2.09
Literature — Calculated = Residual Reference InK¢ = -0.84
Gas phase
AdH® = =201.17 —200.22 —0.95 470SB/GIN 2,2,3-Trimethylpentane CsHyg
G = 165.98 165.23 0.75 69STU/WES
§° = 399.70 395.81 3.89 69STU/WES (5% C~(H)3(C)) + (1 X C~(H)2(C)2) + (1 X C-(H)(C)3) + (1 x C~{C)4) +
AS® = - 688.94 (4 x-CH; corr (tert/quat)), o0 = 729, q = 2
AG° = 5.19
InK; = -2.09 Literature — Calculated = Residual Reference
Liquid phase Gas phase
AH® = -234.18 —232.69 -1.49 45PRO/ROS AH® = ~-219.99 —221.10 111 470SB/GIN
Cp = 214.80 217.00 -2.20 76FIN/GRO Cp = 188.87 188.15 0.72 69STU/WES
§° = 305.60 299.31 6.29 76FIN/GRO S = 425.18 423.63 1.55 69STU/WES
AS® = —785.44 AS° = —797.43
AG® = 1.49 AG® = 16.65
InK; = ~0.60 InK; = -6.72
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TABLE 6. g-Alkanes (16) — Continued

2,2,3-Trimethylpentane (Continued) CsHjs

(5 x C-(H)5(C)) + (1 X C~(H)2(C)2) + (1 X C-(H)(C)a) + (1 X C~(C)a) +
(4% ~CH; corr (tert/quat)), ¢ = 729, = 2

2,3,3-Trimethylpentane (Continued) CsHjs

(5x C~(H)5(C)) + (1 x C-(H)2(C)2) + (1 X C(H)(C)s) + (1 X C-(C)a) +
(4 x~CH; corr (tert/quat)), o = 243

Literature — Calculated = Residual Reference Literature — Calculated = Residual Reference
Liquid phase Liquid phase
AH® = —256.9 —-257.64 0.74 45PRO/ROS AH® = —25351 —257.64 4.13 45PRO/ROS
C = 24444 Cy = 245.56 24444 1.12 470SB/GIN
§° = 326.34 §° = 326.34
AS° = —894.72 AS° = - 894,72
AG® = 9.12 AG® = 9.12
InK; = -3.68 InK; = - 3.68
2,2,4-Trimethylpentane CsHys 2,2,3,3-Tetramethylbutane CsHys
(6X C=(H)3(C)) +(2x C~(C)a) +
(5 X C~(H)3(C)) + (1 x C{H)2(C)2) + (1 X C-(H)(C)3) + (1 X C~(C)a) + (6 X -CH; corr (quat/quat)), @ = 13122
(5 X ~CHj; corr (tert/quat)), o = 729 .
Literature — Calculated = Residual Reference
Literature — Calculated = Residual Reference
Gas phase
Gas phase AH® = ~22522 -219.00 -6.22 470SB/GIN
AH® = ~224.01 -222.90 -1.11 470SB/GIN Cy = 192.59 187.44 5.15 69STU/WES
G = 188.87 188.15 0.72 69STU/WES §° = 389.36 386.10 3.26 69STU/WES
$° = 423.21 417.86 5.35 69STU/WES AS® = —834.96
AS° = —803.20 AG® = 29.94
AG® = 16.57 InK; = -12.08
InK¢ = -6.69
Liquid phase
Liquid phase AH® = —-253.52
AH°® = —259.16 —259.41 0.25 45PRO/ROS C = 239.36
Cp = 238.57 244.44 ~5.87 470SB/GIN §° = 302.50
§° = 328.03 326.34 1.69 40PIT AS°® = —918.56
AS® = —894.72 AG® = 20.35
AG® = 7.35 Ink; = -821
InK; = -297
Solid phase
AH® = —268.61 —268.94 0.33 45PRO/ROS
2,3,3-Trimethylpentane CsHys C = 237.44 237.44 0.00 528CO/DOU
§° = 273.76 273.76 0.00 52SCO/DOU
(5 X C=(H)5(C)) + (1 X C~(H)x(C)2) + (1 X C-(H)(C)3) + (1 X C~(C)a) + AS® = —947.30
(4 x~CHj; corr (tert/quat)), ¢ = 243 AG® = 13.50
InK; = -544
Literature — Calculated = Residual Reference
Gas phase 2,2,3,3-Tetramethylpentane CoHyo
AH® = ~216.27 -221.10 4.83 470SB/GIN (6 X C-(H)3(C)) + (1 x C-(H)2(C)2) + (2 X C~(C)a) +
Co - 18887 188.15 0.72 69STU/WES (5%~CHs corr (quat/quat)), e = 2187
§° = 431.54 427.00 4.54 69STU/WES . .
AS® = —~794.06 Literature — Calculated = Residual Reference
AG® = 15.65
InK; = -6.31
Gas phase
AH® = 23711 -238.99 1.88 61LAB/GRE
Cy = 212.09 210.33 1.76 69STU/WES
8° = 446.39 440.16 6.23 RISTU/WES
AS° = -917.21
AG° = 34.48
InK; = -13.91
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TABLE 6. g-Alkanes (16) — Continued TABLE 6. g-Alkanes (16) — Continued
2,2,3,3-Tetramethylpentane (Continued) CoHyo 3-Ethyl-3-methylpentane CgHys
(6% C-(H)5(C)) + (1 X C-{H)2(C)2) + (2X C—(C)) + (4X C-(H)3(C)) + (3 x C-(H)(C)2) + (1 x C~(C)a) +
(5x—CHj corr (quat/quat)), o = 2187 (1x-CHj corr (quaternary)), o = 243
Literature — Calculated = Residual Reference Literature — Calculated = Residual Reference
Liquid phase Gas phase
AH°® = 27828 —278.61 0.33 47JOH/PRO AH® = —214.85 —216.29 1.44 470SB/GIN
G = 269.78 Cy = 188.87 188.12 0.75 69STU/WES
§° = 334.88 $° = 432.96 431.60 1.36 69STU/WES
AS° = —1022.49 AS°® = —789.46
AG® = 26.25 AG® = 19.09
InK; = —-10.59 InK; = ~1.70
Liquid phase )
2,2,4,4-Tetramethylpentane CoHzo AH® = —-252.84 —254.03 1.19 45PRO/ROS
(6 x CH(H)5(C)) + (1 x C-(H)2(C)2) + 2 x C~(C)s) + Gy = 24742
(6 X—CH; corr (quatiquat)), o = 13122 s° = 331.69
AS°® = —889.37
Literature — Calculated = Residual Reference AG® = 1114
InK; = —4.49
Gas phase
AH® = —241.84 ~239.63 -2.21 61LAB/GRE
G = 211.63 210.33 1.30 69STU/WES 3,3-Diethylpentane CoHy,
$° = 431.50 425.26 6.24 69STU/WES (4 X C-(H)3(C)) + (4 X CH(H)2(C)2) + (1 X C~(C)), & = 972
AS° = —932.11
AG° = 38.28 Literature — Calculated = Residual Reference
InK; = —15.44
Gas phase
Liquid phase AH® = —-232.34 —232.36 0.02 61LAB/GRE
AH® =  ~279.99 ~279.25 -0.74 47JOH/PRO Cp = 204.18 211.01 -6.83 69STU/WES
Cy = 269.78 §° = 461.54 459.23 2.31 69STU/WES
§° = 334.88 AS° = —898.14
AS° = —1022.49 AG® = 35.42
AG® = 25.61 InK; = ~14.29
InK; = -10.33
Liquid phase
AH® = -275.39 —-275.37 ~0.02 47JOH/PRO
2,2,3,4,4-Pentmethylpentane CioHz, Gy = 278.80 277.84 0.96 76FIN/MES
(7X CHH)(C)) + (1 x C-(H)(C)3) + (2 X C~(C)s) + S§° = 333.40 364.07 ~30.67 - 76FIN/MES
(7x—CH; corr (guat/quat)), ¢ = 19683 AS® = ~-993.30
MG = 20,78
Literature — Calculated = Residual Reference InK; = —-8.38
Gas phase
A = -263.07
G = 234.43 233.25 1.18 69STU/WES
§° = 462.83 456.45 6.38 69STU/WES
AS® = -1037.23
AG° = 46.18
InK; = ~18.63
Liquid phase
A = - 306.54
Cy = 297.22
§° = 361.91
AgS°e = -1131.77
AtG° = 30.90
InK; = ~12.46
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TaBLE 7. n-Alkenes (32)

TABLE 7. n-Alkenes (32) — Continued

Ethylene C;Hy
(2xCy(H)), 0 = 4
Literature — Calculated = Residual Reference
Gas phase
AH® = 52.50 52.64 -0.14 37ROS/KNO
C = 42.84 42.76 0.08 7SCHA/ZWO
§° = 219.20 219.51 -0.31 75CHA/ZWO
AS° = -53.11
AG° = 68.47
InK; = -27.62
Propylene C3H,
(1xC-(H)(C)) + (1 X Ca~(H)2) + (1 X Ce~(H)(C)), o = 3
Literature — Calculated = Residual Reference
Gas phase
A = 19.76 20.38 -0.62 37ROS/KNO
C = 64.31 65.85 -1.54 T5CHA/ZWO
$° = 266.60 266.76 -0.16 ISCHA/ZWO
AS°® = ~142.18
&G = 62.77
InK; = -25.32
1-Butene C.Hs
(1x C~(H)5(C)) + (1 x Ce~(H)2) + (1 X C~(H)(C)) +
(1XC~(H)(C)Cy)), o = 3
Literature — Calculated = Residual Reference
Gas phase
AdH® = -0.54 -0.50 -0.04 51PRO/MAR
Cp = 85.65 86.48 -0.83 69STU/WES
§° = 305.60 304.96 0.64 69STU/WES
AS° = —240.29
AG® = 71.14
InK; = ~28.70
1-Pentene CsHjo

(1 X C~(H)3(C)) + (1 x C-(H)z(C)3) + (1 X C-(H)(C)(Ca)) +
(X Car(HIO)+ (1 XCe~(H)2), v = 3

Literature ~ Calculated = Residual Reference
Gas phase
AH® = -21.50 -21.13 -0.37 86TRC
G = 109.58 109.37 0.21 69STU/WES
§° = 345.81 344.12 1.69 69STU/WES
AS°® = ~337.44
AG® = 79.48
InKy = -32.06

J. Phys. Chem. Ref. Data, Vol. 22, No. 4, 1993

1-Pentene (Continued) CsHyo
(1% C-(H)5(C)) +(1 X C-(H)(C)o) + (1 X C-(H)(C)(Ca)) +
(IXCH)C)+(1xCa~(H)2), 0 = 3
Literature — Calculated = Residual Reference
Liquid phase
AH® = —46.97 —46.27 —0.70 79GO0/SMI
C) = 154.87 149.16 57 9OMES/TOD
§° = 262.60 262.12 0.48 90MES/TOD
AS° = —419.43
AG® = 78.78
InK; = -31.78
1-Hexene CeHyp
(1 X C~(H)3(C)) + (2 X C(H)2(C)2) + (1 X C-(H)(CY(Ca)) +
(1% C(H)o)+ (1 X C—(H)(C)), o = 3
Literature — Calculated = Residual Reference
Gas phase
AHC = -41.51 —41.76 0.25 56CAM/ROS
Cp = 132.34 132,26 0.08 69STU/WES
$° = 384.64 383.28 1.36 69STU/WES
AS° = —434.59
AG® = 87.81
Ink; = -3542
Liquid phase
AH® = —-72.22 ~72.00 -0.22 59SKE/SNE
Cy = 183.30 179.58 3n 5TMCC/FIN2
§° = 295.18 294.50 0.68 5TMCC/FIN2
AS® = -523.37
AG® = 84.04
Ink; = —-33.90
1-Heptene CyHy4
(1x C-(H)a(C)) + (3 X C-(H)2(C)z2) + (1 X C~(H)(C)(Ca)) +
(I1xCs(H)2)+ (1 X Ca~(H)C)), 0 = 3
Literature — Calculated = Residual Reference
Gas phase
AH® = —-R2.7 -£2.39 -N133 SOFOR/CAM
Cy = 155.23 155.15 0.08 69STU/WES
§° = 423.59 42244 1.15 69STU/WES
AS® = -531.74
AG° = 96.15
InK; = -38.79
Liquid phase
Ad° = —-98.37 -97.73 —0.64 76GOO
C = 211.79 210.00 1.79 STMCC/FIN2
§° = 327.65 326.88 0.77 STMCC/FIN2
ApS° - —627.30
AG® = 89.30
InkK; = -36.02
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TABLE 7. g-Alkanes (16) — Continued

TABLE 7. g-Alkanes (16) — Continued

1-Octene CsHye 1-Decene (Continued) CioH2
(1% C-(H)3(C)) + (4 X C~(H)x(C)) + (1 X C~(H)(C)(Ca)) + (1 X C~(H)3(C)) + (6 X C~(H)a(C)a) + (1 X C-(H)(C)(Ca)) +
(1xXCq-(H)2) + 1 X Co~(H)(C)), 0 = 3 (I1xCe~(H)(C))+ (1 XCy—(H)), 0 = 3
Literature — Calculated = Residual Reference Literature — Calculated = Residual Reference
Liquid phase
Gas phase AH® = ~173.80 -174.92 1.12 61ROC/ROS
AH° = —-82.93 -83.02 0.09 S0FOR/CAM Cp = 300.83 301.26 -0.43 STMCC/FIN2
Cp = 178.07 178.04 0.03 69STU/WES §° = 425.01 424.02 0.99 STMCC/FIN2
§° = 462.54 461.60 0.94 69STU/WES ASC = -939.09
AS°® = -~ 628.89 AG® = 105.07
AG® = 104.48 InK; = —-42.38
Ky = —42.15
Liquid phase 1-Hexadecene CieHsz
AH® = —123.80 —123.46 —0.34 61ROC/ROS (1 x C~(H)3(C)) + (12X C~(H)x(C)2) + (1 X C~(H)2(CH(Ca)) +
C = 241.21 240.42 0.79 57MCC/FIN2 (I xCa(H)NC))+(1xCy-(H)), o = 3
§° = 360.45 359.26 1.19 STMCC/FIN2
AS° = -731.23 Literature — Calculated = Residual Refcrence
AG® = 94.56
InkKy = ~38.14
Gas phase :
AH® =  ~249.16 —248.06 -1.10 70ZWO/WIL
Cy = 361.04 361.16 -0.12 GISTU/WES
1-Nonene CoHys §° = 774.12 774.88 -0.76 69STU/WES
(1 X C-(HI(CY) + (5 X C-(H)(C)2) + (1 X C-(H)(CYHCa)) + AS® = —1406.10
(IXCye-(HYO) + (1 xCy~(H)2), ¢ = 3 AG® = 171.17
InkKy = -69.05
Literature — Calculated = Residual Reference
Liquid phase
Gas phase AH® = —329.24 -329.30 0.06 S5FRA/PRC
AH® = -103.51 ~103.65 0.14 69STU/WES Cy = 483.34 483.78 -0.44 90MES/TOD
Cy = 200.96 200.93 0.03 69STU/WES S§° = 613.88 618.30 —-4.42 90MES/TOD
§° = 501.49 500.76 0.73 69STU/WES AS° = —1562.68
AS°® = ~1726.04 AG® = 136.61
AG® = 112.82 InkK; = -55.11
InK; = —45.51
Liquid phase cis-2-Butene C.H;
AH® = -149.03 —149.19 0.16 86TRC (2X C~-(H:(C) +(2X Ca~(HYC)) +
G = 270.36 270.84 —0.48 90MES/TOD (1 xcis (unsat) corr), o = 18
§° = 392,54 391.64 0.90 9OMES/TOD
AS® = ~835.16 Literature — Calculated = Residual Reference
AG® = 99.81
InK; = —40.26
Gas phase
AH® = ~-157 -7.03 -0.54 51PRO/MAR
1-Decene CyoHzo C = 78.91 80.91 -2.00 69STU/WES
(1 x C-(H)3(C)) + (6 X C~(H)2(C)2) + (1 x C-(H)(C)(Ca)) + §° = 300.83 301.77 -0.94 69STU/WES
(X Ce(HNC)+ (1 X Ce-(H)2), 0 = 3 AS° = ~243.48
AGe = 65.56
Literature — Calculated = Residual Reference InKy = -26.45
Gas phase
AH® = —123.34 -124.28 0.94 S0FOR/CAM
C = 223.80 223.82 -0.02 69STU/WES
S° = 540.45 539.92 0.53 69STU/WES
AS° = -823.19
AG® = 121.16
InK; = —48.87
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TABLE 7. n-Alkenes (32) — Continued TABLE 7. n-Alkenes (32) — Continued
trans-2-Butene C.Hg cis-2-Hexene CeHyz
(@X C-(H);(C)) + (2 X C—(H)(O)), o = 18 (2X C~(H)3(C)) + (1 x C(H)2(C)2) +(1 X C~(H)A(C)(Ca)) +
(2x Co~(H)(C)) + (1 x cis (unsat) corr), o = 9
Literature — Calculated = Residual Reference
Literature — Calculated = Residual Reference
Gas phase
AH® = -10.97 —11.88 091 51PRO/MAR Gas phase
C = 87.82 88.94 -1.12 69STU/WES AHC = —-52.34 —48.54 ~3.80 56CAM/ROS
§° = 296.48 296.71 -0.23 69STU/WES G = 125.69 124.43 1.26 69STU/WES
AS° = —248.54 §° = 386