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ABSTRACT

Values for the melting points, total enthalpies of melting, and total entropies of
melting of organic compounds are required in order to accurately estimate properties
such as aqueous solubility and vapor pressure. These measurements, therefore, are
critical to predicting how a chemical will behave both in the body and in the
environment. Despite their importance, relatively few methods are available for
predicting these properties from chemical structure. One reason for the lack of
available methods is that these properties are easily obtained experimentally. The
major reason, however, is that the development of general models for their prediction

is extraordinarily challenging.

This study first develops a model for estimating the melting points of organic
compounds. The model incorporates additive functional group descriptors as well as
non-additive descriptors of molecular geometry. The model is trained on the melting
points of nearly 3000 compounds, has an R? value of 0.873 and an average error of
29.8 K. The melting point model is then used to estimate the total enthalpy of melting
through the incorporation of an additional geometric descriptor of molecular
eccentricity, €. Eccentricity is a measure of the extent to which the structure of a
molecule deviates from a sphere. The total enthalpy model is trained on data for 191

compounds. The model has an R? value of 0.910 and an average error of 3812 J/mol.
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The total entropy of melting is then estimated from the predicted enthalpy value by
incorporating an additional parameter in the model, T, as a measure of molecular
flexibility. The total entropy model is trained on data for the same 191 compounds as
the enthalpy model. The entropy model has an R? value of 0.928 and an average error
of 9.8 J/Kmol. The total enthalpy and entropy models have average absolute errors that
are similar to those obtained using existing techniques that are more complex. The
melting point method, however, is significantly more accurate and more widely

applicable than the additive models that are currently available.
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CHAPTER 1. INTRODUCTION

The estimation of the physical properties of chemicals is critical in many disciplines
for the rational design of drugs, agricultural chemicals, dyes, plastics, fibers, etc. These ‘
estimates are also useful for designing experiments and verifying questionable
experimental data. In the past two decades, estimation techniques have become
increasingly important as a result of the heightened efficiency with which new
chemicals are synthesized. For example, in the environmental sciences, mathematical
models are required to predict the fate of the hundreds of new chemicals that are
released into the environment each year. At present, the measurement of properties
such as vapor pressure, water solubility, and the Henry’s law constant can take several
days and cost over $1,000 for a single compound (Baum, 1998). Thus, the ability to

estimate these values can lead to a substantial savings of both time and money.

Recently, Yalkowsky et al. (1994a,b, 1999) presented a unified method for estimating
the physical properties of organic compounds. The scheme, entitled “Unified Physical
Property Estimation Relationships”, or UPPER, improves upon existing attempts at
unified property estimation (Bondi, 1968; Joback and Reid, 1987; Constantinou and
Gani, 1994) in that it is self-consistent and accounts for non-additive aspects of
molecular structure. The UPPER scheme is based upon four sets of group contribution
values and two geometric descriptors of molecular symmetry and flexibility. The

group contributions are used to calculate molar volume, enthalpy of melting and
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boiling, and logarithm of the aqueous activity coefficient, while the geometric
descriptors are used to calculate transition entropies and beat capacities. The melting
point, solubility parameter, vapor pressure, octanol-water partition coefficient, and
water solubility are amongst the properties that can be predicted using UPPER. The
melting point is ultimately used to determine many of the other properties, including
those that are of the greatest pharmaceuticai and environmental interest. Unfortunately,
however, the melting point is one of the most difficult properties to accurately predict
from structure - a fact to which several authorities on the subject, including Bondi,
Kaitagorodsky, and Ubbelohde, have testified and one which is readily apparent from a
review of currently available estimation methods (Lyman, 1982; Baum, 1998; Mackay

and Boethling,1999).

The focus of this dissertation is the development of a general model for melting point
estimation. The need for this study arose from the fact that the melting point is critical
to the estimation of many other properties and that existing methods of melting point
estimation cannot be accurately applied to most drugs or chemicals of environmental
interest due to the structural complexity of these compounds. In addition, it will be
shown here that melting point estimates can be used to predict the total enthalpies and

entropies of fusion.
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The model that is developed for the estimation of melting point is intended for
incorporation into the UPPER scheme. Therefore, an effort has been made to be
consistent with the molecular fragmentation pattern that was originally proposed by
Myrdal et al. (1992) for the development of the AQUAFAC model, and which is
currently employed in UPPER. However, the fragmentation scheme is simplified here
as many of the electronic factors that were deemed important in the estimation of
activity coefficients (Myrdal et al., 1992, 1993, 1995) and phase transition enthalpies
(Simamora et al., 1994; Kryzaniak et al., 1995) were found to be unnecessary for

melting point estimation.
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CHAPTER 2. APPROACH

It is useful to define the objectives of this study and present the rationale for the
approach before discussing the techniques that have been developed for estimating the
transition properties. The first objective is to make the method for estimating the
melting point consistent with the UPPER scheme of Yalkowsky et al. (1994a,b, 1999).
Therefore, the following constraints were imposed at the onset of method

development:

1. The scheme is to be based solely upon aspects of molecular structure.

[
.

The aspects of molecular structure are to be defined by constitutional descriptors
and geometric descriptors. Quantum-chemical and topological descriptors are not
considered.

3. The descriptors are to be defined so that a property estimate is obtained by a

summation of the appropriate descriptor values.

The second objective is to develop a single, general model for the estimation of each
of the three properties; melting point, Ty,; the enthalpy of melting, AHp; and the
entropy of melting, AS,,. Separate models for different classes of compounds, such as
conformationally rigid and flexible compounds, hydrogen bonding and non-hydrogen

bonding compounds, etc., are not considered.



19

The third objective is to achieve a desirable balance between the accuracy of each
model and its complexity. Clearly, it is possible to improve the fit of a set of data to a
model simply by including more parameters in the model. Here, an effort is made to
include only those parameters that markedly improve each model. The significance of
a parameter is assessed through its effect on the correlation coefficient (R?) of the
regression or, if the parameter is only relevant for a small set of compounds, through

its impact on the ability of the model to describe the set.

With these restrictions in place, it had then to be decided if an attempt should be made
to create three entirely separate models for Ty, AHp, and ASy, or if instead, one model
could be developed and used in the development of the others. Stated another way, the
question arose as to whether the properties should be estimated independently or once

one property is estimated, could it then be used to predict the other two.

In deciding the latter issue, it was recognized that the Gibbs equation:

AG = AH - T-AS @2.1)

which relates a free energy change, AG, to a temperature; T, and changes in enthalpy,
AH, and entropy, AS, simplifies to:
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at T, because equilibrium exists between a solid and liquid and AG = 0. This suggests
that once two of the transition properties are known, the third is simply obtained as

either the ratio or product of the first two.

However, when estimates are multiplied or divided, the error is propagated. Thus in
order for such an approach to yield acceptable results for the third property, the other
two must be estimated very accurately. To date, the most accurate, generally applicable
methods for estimating the entropy of melting; AS, the entropy of melting; AH,,, and
the melting point, Ty, have reported average percent errors of approximately 16%
(Chickos et al., 1991), 13% (Chickos et al., 1991), and 7% (Constantinou and Gani,
1994), respectively. Therefore, if eq 2 were used to obtain the melting point by

employing these models, one would expect an average percent error (%e) of:

%eT,, =J(%e AHm)z +(%e AS,,,)Z =21%. This translates to an average error of

nearly 80°C for compounds that melt at around 100°C. Consequently, an approach

based on the Gibbs relationship did not appear promising.

It remained a possibility, however, that one or two property estimates could be used
along with additional parameters to model the third. For example, predicted values of
AH;, and AS,, might be used in addition to other descriptors to better estimate Tp.

Preliminary data suggested that this was the case. It then became necessary to decide
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which property or properties should be obtained first and which should be predicted

form the other(s). The decision was based upon the following criteria:

1. The relative abundance of reliable literature data for the properties.
2. Which property could be most accurately predicted from structure.

3. Which properties are most highly correlated.

Certainly, the first criterion favors an approach in which the melting temperature is
estimated first; melting points being, perhaps, the most easily measured and frequently
reported of all of the properties of organic compounds. Furthermore, a general model
is more likely to succeed in estimating the total enthalpy and entropy of melting,
ZAH; ; and ZASinm, rather than AH,, and AS;, and solid-solid transition data are
relatively scarce. The former terms are effectively the sums of the enthalpies and
entropies of all solid-solid transitions below the melting point, plus the enthalpy and
entropy of melting. More will be said regarding the latter point in Chapters four and

five.

The second criterion also favors the estimation of melting point first. Using a subset of
APPENDIX A containing 688 compounds that are diverse in terms of their size,
structure, composition, and melting point, regular attempts were made throughout the

study to estimate each of the three properties separately using all of the available
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information. In each case, the melting point was the most accurately predicted of the
three properties. In the final analysis, employing every parameter considered in the
study, the best melting point model yielded an R? value near 0.90, while the best
enthalpy of fusion model had an R* value near 0.80, and the best entropy model had an

R? value near 0.70.

Finally, by plotting each property against the others, it was determined that the greatest
correlation existed between the enthalpy and entropy of melting, followed by the
correlation of enthalpy with the melting point. This indicated a high probability of
obtaining one of these properties form the other, especially in the case of the former

two properties. The correlations are shown in Figures 2.1 through 2.3.

These correlations were confirmed by including each property in the models for the
others. The greatest improvement in a model was seen when the melting point was
used to estimate enthalpy. The second most significant improvement was made by
using the enthalpy to estimate entropy. The reason that the greatest improvement
resulted from using Ty, to estimate AHy,, despite the fact that AH,, and AS,, are more
highly correlated, is that Ty, can be predicted with greater accuracy using the

techniques developed here.
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Figure 2.1. Correlation of the enthalpy of melting (J/mol) with the entropy of melting
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On the basis of the amount of reliable data for the properties, the accuracy with which
the individual properties can be predicted, and the degree -of correlation between the
properties, it was decided that the approach would be to: 1) develop a model to
estimate the melting point directly, 2) use this model, i.e., estimated T, values, to
predict the enthalpy of melting, and 3) use the estimated enthalpy values to obtain the

entropy of melting.
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CHAPTER 3. MELTING POINT

Introduction

The normal melting point or melting temperature (MP in °C or T in K) is the
temperature at which the solid and liquid phases of a substance are in equilibrium at
one atmosphere pressure. However, since many organic compounds are polymorphic,
they may exhibit solid-liquid transitions below their true melting point. This is
observed when the rate of transformation from one crystal to the other is significantly
slower than the rate at which either melts. Here, the melting point will only refer to the
fusion temperature of the most stable, highest melting crystal, since conditions of

thermodynamic equilibrium can only exist between this phase and the liquid.

Many of the melting point estimation methods that are available in the literature
involve the correlation of T, with other physical properties. Table 3.1 lists several
examples, most of which are discussed in an excellent comprehensive review by

Dearden (1998).
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Table 3.1. Parameters that have been used in the estimation of the melting point.

Investigator(s)  Year Parameter Application to
Mills 1885 carbon chain length homologous series
Longinescu 1903 density, no. of atoms organic cpds.
Lindemann 1910 atomic weight, atomic volume, = monatomic species
vibrational frequency
Prud’homme 1920 boiling point and critical organic cpds.
temperatures
Austin 1930 molecular weight long-chain homologs
Benko 1959 molar volume at boiling point organic cpds.
Flory , Vrij 1963 entropy: Rin(no. chain carbons)  homologous series
Grigor’ev, 1965 no. of axis of rotation, polycyclic, aromatic cpds.
Pospelov mechanical rigidity
Wachalewski 1970 atomic group contribution, hydrocarbons,
molecular diameter halogenated hydrocarbons
Eaton 1971 solid and liquid temperature homologous series
ranges
Syunyaeva 1981 C-C-Cbond angle homologous series
Mackay et al. 1982 saturated vapor pressure low volatility hydrocarbons,

halogenated hydrocarbons




Table 3.1 - continued
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Investigator Year Parameter Application to:

Hanson, 1987 topological indices: Balaban, homologous series

Rouvray Wiener, and carbon number

Tsakinikas, 1988 C-C-C-C torsional angle aliphatic hydrocarbons

Yalkowsky

Dearden, 1988 hydrogen bonding substituted anilines

Rahman

Dearden 1991 Hanch hydrophobic parameter,  substituted anilines
molar refractivity

Simamora 1994 functional groups, symmetry, rigid aromatics
intermolecular hydrogen bonding

Constantinou 1994 functional groups organic compounds

Krzyzaniak 1995 functional groups, symmetry, non-hydrogen bonding
group interactions aliphatics

Katritzky 1997 Quantum-chemical, electrostatic, substituted benzenes

and topological descriptors
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It can be seen from this compilation that much of the work has been done on
hydrocarbons and homologous series. Because there is an abundance of reliable data
for these compounds, and since the trends in their melting behavior are generally
consistent, there are several accurate methods for estimating their melting points.
Broadhurst (1962), for example, reports errors of less than 0.5 K for paraffins with
chain lengths between 44 and 100 carbons. Similarly, Hanson and Rouvray (1987)
indicate a standard error of less than 1 K for normal alkanes between 44 and 390
carbons. Recent work with hydrocarbons has involved correlation of the solid-solid
transition temperatures with structural features such as chain length and the degree of

branching (Katritzky, 1997).

Although many of the methods listed in Table 3.1 are limited to simple hydrocarbons,
observations made during their development contributed to an understanding of the
relationship between melting point and molecular structure. Mills (1885) developed eq

3.1 to describe the melting points of members of a homologous series:

Bx—c) G.1)

T 1+y(x-c)

where x is the number of methylene groups and P, v, and c are constants. This led to

the recognition of a convergence temperature, i.e., the melting point of an alkane of
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infinite chain length. Gamer et al. (1931) realized that the convergence temperature is
similar for all homologous series (approximately 414 K) because the “head” group

becomes relatively insignificant as the chain increases in length.

The role of molecular symmetry was also recognized quite early. Several investigators
working with di-substituted benzenes noted that the para isomers have significantly
higher melting points than the less symmetrical ortho and meta isomers (Camelley,
1882; Beacall, 1928; Holler, 1947). It was also found that the melting points of long
chain alkanes containing a single keto group are highest when the oxygen is on the
first or central carbon, i.e., carbon lor 9 of a 17 carbon paraffin. Positioning of the
keto group at carbon | results in an unbranched, linear molecule. All other positions
yield less symmetrical branched molecules except carbon 9, which has two identical
branches. Evidence that this is a function of symmetry is provided by the lack of a
melting point increase when an 18 carbon chain has the oxygen doubly bonded to
carbon 9 or carbon 10, neither being exactly central nor producing branches of equal

length (Ubbelohde, 1938).

To date, there exists no general theory of melting that adequately explains all of the
observed phenomena. Reasons for this include the fact that similar compounds often

have very different mechanisms of melting and different modes of crystal packing. The
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endo- and exo- forms of 2-methylbicyclo[2.2.1]heptane in Figure 3.1 illustrate the first

point.



(a) (b)

Figure 3.1. (a) Endo-2-methylbicyclo[2.2.1]heptane. (b) Exo-2-
methylbicyclo[2.2.1]heptane.

33
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On heating from low temperatures, the endo form undergoes a solid-solid transition at
152 K in which the molecules become orientationally disordered in the crystal. The
increase in entropy that accompanies this transition leads to a smaller entropy change
on melting and effectively shifts the solid-liquid equilibrium to a relatively high
temperature of 278 K. The exo isomer, on the other hand, does not undergo a solid-
solid transition below its melting point. It has a much higher entropy of melting and a
much lower melting temperature of 164 K. The phase transition behavior of other

“bent” polycyclic derivatives has been addressed by Ubbelohde (1978).

Differences in crystal packing and the extent to which intermolecular attractive forces
in the crystal are maximized also complicate generalizations. For example, the isomers
1- and 2-naphthalenol have enthalpies of melting of 18.7 and 23.5 kJ/mol,
respectively, which contributes to a 26 K difference in their melting points. Up to now,

this phenomenon has not been precisely predicted from molecular structure alone.

Differences in the degree of structure of the melts (liquids near Tp) also affect the
ability to predict transition temperatures. Rigid, elongate compounds that are not
capable of free rotation in the melt are likely to have lower entropies of fusion and
higher melting points than might otherwise be expected. Bondi (1968) has also pointed

out that compounds which are capable of forming hydrogen bonds have associated
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liquid structures that are more ordered with respect to the liquids of their hydrocarbon
homomorphs. The higher degree of order in the liquid can contribute to a lower
entropy change on melting and, in addition to the crystal strengthening effect of the

hydrogen bond, may contribute to a higher melting point.

Some structure-related differences in melting temperatures are demonstrated with the
hydrocarbon data shown in Figure 3.2. The increase in melting point with size is seen
to be greatest for globular, roughly spherical compounds, followed by the planar
polycyclic aromatic compounds, cyclic alkenes, cyclic alkanes, and lastly, the linear
alkanes. At one extreme, molecules that are nearly spherical often achieve a significant
degree of orientational disorder within the crystal lattice at some temperature below
the melting point, as is the case with endo-2-methylbicyclo[2.2.1]heptane. These
compounds have very low entropies of melting regardless of molecular weight, which
results in their unusually high melting points. The polycyclic aromatics are able to
pack with high efficiency in the crystal due to their geometry. These compounds have
relatively high melting points as a result of maximized intermolecular attractions. For
compounds which are capable of conformational isomerism, progressing from the
cyclic alkenes through the linear alkanes, melting points increase less rapidly with
molecular weight. These compounds have an added degree of conformational freedom
in the liquid phase and show an increase in AS, with size due to increasing

“flexibility.” As a result, their melting points increase slowly with size compared to
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the melting points of rigid compounds. For the linear alkanes, the subsequent addition
of methylene units results in both a constant entropy and a constant enthalpy of
melting increase. As the number of methylene units becomes exceedingly large, the
ratio of AHp to ASy, approaches a constant, as per eq 3.1. This constant is the

convergence temperature of approximately 414°C.
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Figure 3.2. Melting point (K) versus molecular weight for select classes of
hydrocarbons; globular (x), polycyclic aromatics (A) , cyclic alkenes (@), cyclic
alkanes (0), and linear alkanes (+). Best-fit lines are drawn through the data.
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Developing a general model that accurately describes these phenomena, in addition to
the complexities that arise with compounds containing heteroatoms, is a complicated
task. Consequently, existing estimation methods tend to focus on specific types of
compounds, as indicated in Table 3.1. There are currently only two general models for
estimating the melting points of organic compounds from their structures; the method
of Joback and Reid (1987), and that of Constantinou and Gani (1994). Both,
unfortunately, have similar drawbacks in that they neglect the geometric aspects of
molecular structure and are trained on small data sets consisting of 388 and 312
relatively simple compounds, respectively. They fail when applied to compounds that
are more structurally complex than those used to train the models. The method of
Constantinou and Gani also involves the summation of first-order and second-order
groups, the latter effectively being combinations of the first-order descriptors. This

makes their method overly cumbersome.

Model Development

Development of the current model proceeded with the restrictions discussed in Chapter
2, namely that the model should be consistent with the molecular fragmentation
pattern used in the UPPER scheme, and that it be based upon simple, intuitive aspects
of molecular structure. The lack of a structure-based, general theory of fusion
necessitated an empirical approach and the relative importance of potential parameters

was assessed using regression analysis.
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Training Compounds

The melting points of 2898 compounds were used in the development of the model.
These were obtained from six sources: the compilations of Simamora, et al., (1994),
Krzryaniak et al., (1995), Joback and Reid, (1987), Domalski and Hearing, (1996),
Bondi (1968), and the *“Pesticide Manual: A World Compendium” (1987). Melting
points for 68 compounds comprising the independent test set were obtained from the
Merck Index (1989). The training set is listed in APPENDIX A and the test set in

APPENDIX B.

The training set was selected so as to include representatives from several of the major
families of organic compounds. Structural isor aers, such as the ortho-, meta-, and para-
disubstituted benzenes; substituted naphthalenes; alkanes with various degrees of
branching, etc., and sets of compounds with distinct shapes were included so that the
effects of various geometric attributes could be assessed. The distribution of the
compounds with respect to molecular weight, melting point, and atom composition are
presented in Figures 3.3 through 3.5. Averages for the compounds in the training set
include a molecular weight of 196, a melting point of 332K, and a constitution of 9

carbon atoms and 3 heteroatoms.
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Figure 3.4. Melting point (K) distribution of the training compounds in APPENDIX A.
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Molecular Fragment Descriptors

The molecular fragmentation pattern is modeled after the group contribution schemes
of AQUAFAC (Myrdal et al., 1992, 1994, 1995) and UPPER (Yalkowsky et al.,
1994a,b, 1999) with the exception that the hybridization states of the atoms to which a
group is covalently bonded are generally not used to differentiate molecular fragments.
Differentiation on this basis was found to be warranted only for the hydroxyl (~OH),
carboxylic acid (-COOH), and thiol (~SH) groups. For these three fragments, the
prefix “X” is used to indicate that the group is bonded to an sp® hybridized atom and
“Y” is used to indicate attachment to an sp2 or sp hybridized atom. With these

exceptions, a group is defined only by its composition.

There are, of course, many ways of defining the fundamental units, or groups, into
which the structure of a molecule is to be broken down. Hence, the above scheme was
adopted from AQUAFAC/UPPER after testing reasonable alternatives. For example,
differentiating groups on the basis of their inclusion in aliphatic ring systems was
considered. This is the approach taken by Joback and Reid (1987) and one that seems
reasonable since ring forms melt at higher temperatures than their linear counterparts.
However, differentiation on this basis failed to produce a significant improvement in
the model. Atomic increments were also considered because of the wide range of
applicability that this would afford an additive model. However, this approach fails

because it does not account for the differences in the electronic character of an atom
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that arise from its being bonded to atoms of various electronegativities. For example, a
hydrogen bound to an sp3 carbon would be considered equivalent to a hydrogen bound

to an oxygen or a nitrogen.

The decision not to differentiate groups according to bonded group hybridization states
(with the exception of the —OH, —COOH, and -SH groups) was simply made on the
basis that doing so would effectively double the number of groups and not

significantly improve the model.

Geometric Descriptors

Symmetry

It is well known that molecules which are highly symmetrical tend to melt at higher
temperatures than their less symmetrical isomers. Some investigators have attributed
this phenomenon to the more symmetrical species’ having lower entropies of fusion.
The argument is that the more symmetrical a molecule is, the lower the nufnber of
unique orientations in which it can exist in the liquid phase. Recalling Boltzmann’s
expression, where W represents the number of ways that a molecule can exist in either

the solid or liquid:

S =RInW,, /W, , (3.2)
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it can be seen that this translates into a lower entropy for the liquid state and a reduced
change in entropy on melting with increasing symmetry. However, an examination of
the phase transition data for isomeric compounds, such as the substituted benzenes,
reveals that the entropy of fusion is typically greater for the most symmetrical isomer.
Furthermore, a greater amount of energy is usually required to melt the more
symmetrical compound. When the entropy of the solid-liquid transition is lower for the
more symmetrical isomer, it is often because a large entropy increase occurred during

solid-solid transition at a temperature below the melting point.

The higher entropies of fusion of the more symmetrical isomers may simply be due to
their ability to pack with greater efficiency. For compounds that form similar liquid
structures, greater packing efficiency in the crystal means a greater volume change on
passing from the most stable polymorph to the liquid phase. This means a greater gain
in translational freedom on melting and hence, a greater entropy of melting for the
more symmetrical isomers. Unfortunately, validation of this hypothesis requires a
comparison of the crystal densities of isomers at temperatures below all solid-solid
transitions, and these data are generally not available. The higher melting points of
more symmetrical isomers are most likely the result of the stronger attraction that
accompanies tighter packing. Support for this is given by the fact that the more

symmetrical species tend to have higher enthalpies of melting versus their less
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symmetrical counterparts; enthalpy being a measure of the energy required to

overcome the attractive forces in the crystal.

To account for the effect of symmetry on the melting point, molecules are first
assigned symmetry numbers according to the method of Dannenfelser et al. (1993).
The symmetry number, G, represents the number of indistinguishable positions that
can be obtained by rigidly rotating a molecule about its center of mass. For example,
anthracene is assigned a symmetry number of four as it can be rigidly rotated into four

indistinguishable positions:
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Similarly, phenanthrene is assigned a symmetry number of two as it can be rotated into

two indistinguishable positions:

©,
3,
o
&



47

In assigning values of G, it is assumed that terminal groups such as —CHj3, -NH3, and
~OH are freely and rapidly rotating so that they effectively have radial symmetry. This
enables them to be treated as single atoms. For molecules which are conical (hydrogen
cyanide and chloromethane), cylindrical (carbon dioxide and ethane) or spherical
(neon, methane), Dannenfelser empirically generated o values of 10, 20, and 100,
respectively. Since neither the noble gasses nor methane are treated in the current
scheme, only the former values of 10 and 20 have been incorporated here. For flexible
molecules which cannot be rigidly rotated, the value of G is unity. Several examples of.

symmetry number assignmerts are provided in Figure 3.6.



c Representative structures

& ed X A =
1o GO X A =
‘1o oo X R

e A

(10) HC=N HaC—ClI

(20) 0=C=0 HaC=—CH,4

Figure 3.6. Examples of rotational symmetries.
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The symmetry numbers in Figure 3.6 are treated as independent variables in the
regression. That is, in creating the database for the regression analysis, a compound
with 6-fold symmetry is assigned a value of 1 for the SIG6 descriptor and values of 0
for SIG2, SIG3, SIG4, etc. This approach assumes that the contribution of symmetry to
the melting point is similar for compounds of equal symmetry. While this assumption
may seem unfounded, it should be noted that chemicals possessing rotational
symmetry tend to have relatively small, simple structures which makes the effect of

symmetry less variable.

Some disubstituted benzenes help illustrate this point. Differences between the melting
points of the ortho and para isomers are often remarkably similar for different
substituents. For example, the ortho and para forms of cyanoaniline melt at 323 K and
359 K, respectively (a difference of 36 K), while the ortho and para forms of
iodobenzamide melt at 457 K and 491 K (a difference of 34 K). The difference
between the ortho compounds with no symmetry and the para compounds with 2-fold
symmetry is nearly the same in both cases. Similarly, the ortho (¢ = 2) and para (6 =
4) forms of dimethylbenzene melt at 248 K and 286 K, respectively (a difference of 38
K), while the ortho (6 = 2) and para (6 = 4) forms of dinitrobenzene melt at 391 K and
446 K (a difference of 55 K). In fact, regression analysis based on more than 500

occurrences of two-fold symmetry and over S0 occurrences of four-fold symmetry
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yields an average increase in melting point of 30.2 * 1.9 K due to two-fold symmetry

- and an average increase of 89.7 £ 5.6 K for compounds with four-fold symmetry.

The current method does not account for differences between the melting points of the
ortho and meta isomers of the substituted benzenes on the basis of symmetry, since
these isomers are assigned the same symmetry numbers. However, in cases where the
differences are large, i.e., more than 10 K, it is often due to the presence of hydrogen
bonding substituents. Ortho- and meta-hydroxybenzaldehyde, for example, melt at 267
K and 381 K, respectively, as a result of the ability of the former to form an
intramolecular hydrogen- bond. A separate parameter, [HB (for Intramolecular

Hydrogen Bond), is employed to account for this phenomenon.

Lastly, with respect to symmetry, there are certain compounds which have higher
“apparent” symmetries than those assigned according to the current scheme. The
compounds pentachloroanaline, pentamethylchlorobenzene, pentachlorotoluene,
pentabromotoluene, tetrachloro-m-xylene, 1,2,3,4-tetramethyl-5,6-dichlorobenzene,
and 1,2-dimethyl-3,4,5,6-tetrabromobenzene all have symmetries of 2, but have
melting temperatures which suggest that they pack in the crystal with an efficiency
similar to the hexa-substituted benzenes with twelve-fold symmetry. However, the
observed trends are not sufficiently consistent within the training set to warrant

redefinition of the symmetry number.
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Ring Systems

There are (at least) three trends which must be considered when addressing the effect
of fused aliphatic rings or ring systems in a molecule. First, fused rings tend to melt at
higher temperatures than their linear counterparts. This is attributable to two factors:
one, the fact that cyclic alkanes tend to be symmetrical, and two, that the linear alkanes
are more flexible and have higher entropies of fusion. Symmetry is directly accounted
for via the parameters discussed above. The greater flexibility of the linear molecule,
however, is accounted for indirectly via a negative —CH3 group value. Ultimately, the
higher melting points of the rings are adequately addressed through functional group
contributions and an account of molecular symmetry. The same is also true for the
estimation of the melting points of fused ring systems or fused systems containing

both aromatic and non-aromatic portions such as 1,2,3,4,5,6,7,8-octahydroanthracene.

A second trend is observed when substituents are attached to the ring. The addition of
a terminal group, such as a methyl or a halogen, to the ring destroys the symmetry and
packing efficiency of the ring and markedly lowers its melting point. As the
length/size of the substituent increases, the decrease in melting point with respect to
the unsubstituted cycloalkane becomes dependent upon the properties of the
substituent. The larger the substituent, the smaller the melting point decrease relative

to the unsubstituted cycloalkane. This is due to increasing intermolecular attraction
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with increasing substituent size (polarizability). This effect is also adequately

addressed through group contributions and molecular symmetry.

The third wend involves molecules that contain multiple, independent rings or ring
systems. These molecules have lower melting points than would be predicted by group
contributions and symmetry effects alone. Presumably, this is because the presence of
multiple rings decreases the ability of the molecules to pack closely through steric
hinderance. To account for the effect becoming more pronounced as the number of
ring systems increases, two descriptors are defined; RS2 and RS3+. These are used
when there are 2 and 3 or more independent rings, respectively, in a molecule. There
were insufficient data to generate robust parameter values for conditions of more than

three independent ring systems.

Independent ring systems are defined in this study to include rings that are capable of
rotating independently of one another. Furthermore, these descriptors are intended for
application to molecules containing independent aliphatic rings, aromatic rings, or a
combination of both, since the trends in decreased melting points are observed in
molecules containing both types. Thus biphenyl, cyclohexylbenzene, bicyclohexane,
and diphenyl methane are all designated RS2. Other definitions of the RS descriptors,

such as rings separated by an sp3 atom (which would eliminate biphenyl,
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cyclohexylbenzene, and bicyclohexane), were considered, but were found to be less

effective in accurately describing the data.

Multicyclic Structures

A final geometric descriptor, multicycle, is used to account for the radically higher
melting points of globular molecules with roughly spherical symmetry. Assignment of
this descriptor is reserved for unsubstituted cage-like molecules such as adamantane,
cubane, bicyclo[2.2.2]Joctane, etc. The uniquely high melting points of these
compounds, given their comparatively low molecular weights, is a result of their
tendency to undergo orientational disordering during solid-solid transitions at
temperatures below their melting points. Typically, there is a large entropy change
associated with these transitions, which effectively shifts the solid-liquid transition
equilibrium to a much higher temperature. Substituents hinder free rotation of the
molecules in the crystal and typically prevent a multicyclic compound from
undergoing a solid-solid transition. The endo form of 2-methylbicyclo[2.2.1]heptane is

an exception.
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Intramolecular Hydrogen Bonding

The THB descriptor is defined according to Simamora et al. (1994) and is used to
account for intramolecular hydrogen bonding. Four specific [HB descriptors; [HB4,
[HBS, IHB6, and IHB7, are used to account for the possibility of intramolecular
hydrogen bond formation to produce 4, 5, 6, and 7 membered rings, respectively.
Thus, the IHB parameter is taken twice even for a molecule that is capable of forming
only one of two possible intramolecular hydrogen bonds. This approach enables more
accurate estimates to be obtained than does the assignment of IHB on the basis of the
number of bonds that actually do form. Figure 3.7 gives some examples of the

intramolecular hydrogen bonding descriptors from Simamora et al. (1994).



IHB-4

IHB-5

IHB-6

IHB-7

monf—)

0

©

Figure 3.7. Examples of intramolecular hydrogen bonding.
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Parameter Assessment

Improvement in the correlation coefficient (adjusted R?) of the regression was used to
assess the significance of parameters that apply to a large portion of the data set, such
as the various carbon, nitrogen, and oxygen increments and common symmetry
numbers, e.g., 2 and 4. For parameters that were only applicable to a small number of
compounds, the multicycle descriptor for example, the individual parameter T scores
(the ratio of the parameter value to its standard error) and the improvement in the
melting point estimate for the relevant compounds were assessed. Parameter were only
included if they significantly improved the estimations for these compounds. When
functional group increments were found to be insignificantly different from zero, the
parameter values were set equal to zero by excluding the parameters from the final

regression. This served to simplify the model.

Tolerance, which is equal to unity minus the R? value for the regression of one
parameter against all of the other parameters in a model, was used to assess
intercorrelation among the variables. Although the tolerance was well above 0.70 for
most parameters, intercorrelation was observed for the sp2 carbons and the halogens.
This is a result of the facts that there are several halo-substituted benzenes in the
training set, that the number of halogens is always equal to the number of aromatic
>C= groups, and that the number of -CH= groups equals six minus the number of

>C=. Since these compounds and others which lead to intercorrelation, such as the
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balogenated alkanes, were critical to evaluating the role of symmetry, no attempt was

made to selectively remove these compounds from the training set.

The most highly intercorrelated variable is the logarithm of molecular weight; logMW.
One justification for its inclusion in the model is that it markedly improves the
correlation coefficient and predictive ability of the model without increasing the
standard errors of the other parameters. More importantly, however, it significantly
contributes to the linearity of the model. Without this parameter, a distinct curvature is
observed in the plot of predicted versus experimental melting points. Figure 3.8 shows
a plot of the melting point versus log molecular weight for the compounds in the
training set. The correlation of the melting point with logMW alone is not high, but the

trend is obvious.
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Figure 3.8. Correlation of melting point (K) with the logarithm of molecular weight for
the training compounds in APPENDIX A.
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Regression Analysis and the Final Model

Descriptor values were obtained via multiple linear regression using The SAS® System
for Windows™ version 6.12 (1996). The initial regression was performed on 2902

compounds and included all of the descriptors outlined above. The initial analysis
resulted in six of the molecular fragments; ~CH=, HC=, -CH;-, >N—, -N=N-, and

~S—, having parameter estimates that were not significantly different from zero. These
groups were assigned values of zero and deleted from the final regression analysis.
The eight- (e.g., octafluorocyclobutane) and ten- (e.g., conical molecules like
fluoromethane) fold symmetry descriptors had high standard errors which resulted in T
scores of 0.4 and 0.04, respectively. Since the parameter estimates were nearly
identical to the three-fold symmetry descriptor, the 2, 8, and 10 fold symmetry

numbers were combined and regressed together.

Only four compounds, 1,3,5-triazino-2,4,6-tricarbonitrile, 3344-
tetraaminodipheny-loxide, 2,2-bis(fluoromethyl)-1,3-difluoropropane, and trans-
1,2,3,4,5,6-Hexabromo-cyclohexane were deleted from the final regression on the
basis of their having residual errors greater than four standard deviations. Thus, the
final regression used 2898 training compounds and forty-seven variables plus an

intercept.
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The final model for the estimation of melting point is presented with descriptive
statistics in Table 3.2. The model has an adjusted R* value of 0.873, an average

absolute error (AAE) of 29.8 degrees, and an F value of 423 (Probability>F: 0.0001).



Table 3.2. The melting point estimation model.
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Descriptor  Standard

Descriptor Value Error T Prob > ITI  Frequency
Intercept -203.59 15.07 -13.51 0.0001
-CH; -16.55 0.83 -19.90 0.0001 2377
>CH- 595 1.46 4.08 0.0001 513
>C< 46.60 2.35 19.81 0.0001 384
>C= 23.04 0.56 41.17 0.0001 7884
-C= 12.61 3.09 4.08 0.0001 88
=CH, -19.80 3.61 -5.48 0.0001 112
-F -31.76 1.11 -28.62 0.0001 583
-CL -11.79 0.74 -15.94 0.0001 1889
-BR -13.61 1.39 -9.79 0.0001 640
-I -18.08 2.27 -7.97 0.0001 215
-0 11.18 2.09 5.35 0.0001 287

*~OH 48.94 3.12 15.69 0.0001 85
Y®-OH 57.57 2.96 19.45 0.0001 273
X*-COOH 76.25 4.83 15.79 0.0001 52
Y’~COOH 136.78 3.56 38.39 0.0001 174
-COO- 15.06 293 5.14 0.0001 148
—CON< 54.30 17.75 3.06 0.0022 5
—CONH- 84.12 8.93 942 0.0001 16
—CONH, 145.02 8.98 16.15 0.0001 20
>C=0 37.95 2.20 17.26 0.0001 262
-CH=0 29.51 557 5.30 0.0001 54
-NH, 47.28 292 16.22 0.0001 275
-NH- 74.46 10.65 6.99 0.0001 12
(trigonal planar)
-NH- 32.34 7.86 4.12 0.0001 7
(tetrahedral)

*X indicates that the group is covalently bonded to an sp hybridized atom.
®Y indicates that the group is covalently bonded to an sp” or sp hybridized atom.
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Descriptor ~ Standard

Descriptor Value Error T Prob > [TI Frequency
-N= 31.51 2.11 14.90 0.0001 353
-NO, 13.34 1.43 9.34 0.0001 681
-C=N 36.68 3.76 9.77 0.0001 84
-CH=N- -34.13 15.23 -2.24 0.0251 7
-N=C=0 -30.78 19.71 -1.56 0.1185 2
X"~-SH -12.60 9.21 -1.37 0.1714 19
Y*-SH 55.33 19.77 2.80 0.0052 4
>S=0 70.78 15.02 471 0.0001 7
>S0, 92.58 9.98 9.28 0.0001 4
logMW 204.17 7.26 28.13 0.0001 2898
[HB4 69.35 6.56 10.57 0.0001 42
[HB5 -17.47 2.78 -6.29 0.0001 255
HB6 -27.67 2.98 -9.28 0.0001 189
[HB7 -37.58 7.54 -4.98 0.0001 32
SIG20 55.30 13.14 421 0.0001 12
SIG12 95.53 11.49 8.31 0.0001 11
SIG2, 8, 10 30.18 1.94 15.55 0.0001 520
SIG6 78.06 8.62 9.05 0.0001 22
SIG4 89.72 5.57 16.12 0.0001 56
SIG3 36.49 7.57 4.82 0.0001 29
RS2 -32.80 2.65 -12.39 0.0001 346
RS3+ -76.09 10.63 -7.16 0.0001 22
Multicycle 116.61 12.69 9.19 0.0001 21
Groups assigned parameter values of zero’.

Group Frequency

-CH= 9836

HC= 30

-CH—- 3995

>N- 22

-~N=N- 4

-S— 89

X indicates that the group is covalently bonded to an sp hybridized atom.

®Y indicates that the group is covalently bonded to an sp® or sp hybridized atom.
“Groups with parameter estimates that were not statistically different from zero in the
initial regression were assigned values of zero and deleted from the final regression.
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Evaluation

Figure 3.9 presents a plot of the predicted versus experimental melting points for the
training set. In comparison to other methods, and in light of the fact that only four

outliers were omitted, the fit is excellent.
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Figure 3.9. Predicted versus experimental melting points for the training compounds in
APPENDIX A. '
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Several residual plots are presented in Figures 3.10 through 3.13. In Figure 3.10 the
residuals, which are calculated as Ty, experimental — Ty, predicted, are plotted versus
the predicted melting points. The absence of a trend in the data indicates that there is
no systematic error among the predicted values. A slight trend is apparent, however, in
the plot of the residuals versus the experimental melting points in Figure 3.11. Here it
is seen that the very high melting points tend to be underestimated and the very low
melting points overestimated. Effectively, what these plots indicate is that there is
equal probability of a given estimate being high or low, but that very high true melting
points are likely to be underestimated and very low true melting points are likely to be

overestimated.

There are several possible reasons for this result. Many of the underestimated melting
points correspond to relatively small molecules that are likely to undergo solid-solid
transitions. As discussed above, this would cause their melting points to be higher than
expected. Also, some of these compounds are hexa-substituted benzenes and
cyclohexanes which are likely to have higher effective symmetries, i.e., the symmetries
of their hydrocarbon homomorphs, than are assigned to them in the current scheme.
Such effects, since they are not directly accounted for in the model, would impact the
parameter estimates and could cause the observed trend. More importantly, however,
is that the trend in the residuals is weak, and the vast majority of the melting points,

which lie between 125 K and 550 K, are predicted without bias.
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Figure 3.10. Residual errors versus predicted melting points for the training
compounds in APPENDIX A.
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Figures 3.12 and 3.13 present plots of the residuals versus molecular weight and
number of atoms, respectively. No trends are observed with respect to these properties.
The horizontal “string” of data points in Figure 3.13 between atom counts of

approximately 20 and 32 represent the linear alkanes
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Figure 3.13. Residual errors versus total number of atoms.
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Cross Validation

A three-fold cross validation was performed to assess the stability of the model. For
each of the three tests, a randomly selected subset containing 10% of the 2898 training
compounds was removed to serve as a test set. The remaining 90% of the data was
used as a new training set to generate parameter values. The new parameter values
were then applied to estimate the melting points of the compounds in the 10% test set.
The results of the cross validation are presented in Table 3.3. The excellent agreement
of the results of each test, as well as their agreement with the final model (for which n
= 2898, the adj. R? = 0.873, and the AAE = 29.8) indicate that the final model is

robust. This is not surprising given the substantial size of the data set.



Table 3.3. Cross validation results.

Training set Test set
set n adj. R>  AAE n R AAE
| 2608 0.870 29.9 290 0874 30.1
2 2608 0.871 30.0 290 0.889 29.7
3 2608 0.872 29.7 200 0872 322

72
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Application to an Independent Test Set

The results of the cross validation experiment reflect the ability of the model to
estimate the melting points of compounds with an average of about 12 non-hydrogen
atoms, i.e., the average molecular composition in the training set. In order to assess its
ability to predict the melting points of more complex molecules, the model was
applied to the independent test set of 68 compounds given in APPENDIX B. Table 3.4
gives the average molecular compositions of the test set, the training set, and the
training set of Joback and Reid (1987). Joback and Reid’s method was applied to the
test set for comparison. As seen in the table, the average compound in the test set
contains 50% more non-hydrogen atoms than the average compound in either the

current training set or that of Joback and Reid.
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Table 3.4. A comparison of the compounds in the current training set
(APPENDIX A), Joback and Reid’s training set, and the independent test set
(APPENDIX B).

Compounds n Avg. no. Avg. no.
carbon atoms hetero atoms
Independent test set 68 14 4
Current training set 2898 9 3

Joback training set 388 10 1
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The most important result of applying the model to a complex set of structures, and
one which is readily apparent in Figure 3.14, is that there is no systematic error in the
predictions. This is due to the inclusion of geometric descriptors in the model. When
only functional group descriptors are used, as in Joback and Reid’s model, a
systematic error does arise, as shown in Figure 3.15. Therefore, although the AAE is
relatively high (52 K) the current model can be “extrapolated” to complex compounds
while existing group-additive models cannot. This is important since pharmaceuticals
and compounds of environmental interest are typically more complex than the

compounds used in the development of additive melting point estimation methods.
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Figure 3.14. Predicted melting points (via the current method) versus experimental
values for the test compounds in APPENDIX B. The line is the line of identity.
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versus experimental values for the test compounds in APPENDIX B. The line is
the line of identity.
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Discussion

Parameter Estimates

Molecular Fragment Descriptors

Since the melting point of a compound represents the ratio of the change in enthalpy to
the change in entropy at the transition temperature: T, = AHy/AS,,, a particular
functional group value can be viewed as the ratio of an enthalpic Effect to an entropic
effect. Thus, although an empirical approach to model development has been taken in
this study, the parameter estimates can be interpreted in terms of their influence upon

these thermodynamic properties.

The values of the carbon increments generally increase with increasing substitution.
For the sp3 carbon groups; (>C<) > (>CH-) > (-CHz-) > (-CH3), for the sp2 groups;
(>C=) > (-CH=) > (=CH3), and for the sp groups; (~C=) > (HC=). Since the most
highly substituted carbon in each series cannot have a large enthalpic contribution due
to its being the most shielded from contact with neighboring molecules, its high value
must stem from an entropy reduction. The sp3 >C< increment leads to a lower entropy
of melting by being associated with low molecular flexibility and contributing to a
globular structure, the latter being especially true for the smaller alkanes. Even if they
do not undergo solid-solid transitions below the melting point, molecules with roughly

spherical geometry require only small volume changes to obtain free rotation in- the
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liquid and thus tend to have low entropies of fusion. The low entropic contribution of
the >C< group is also consistent with the findings of Chikos et al. (1990, 1991) who

developed group contributions to the entropy of melting.

The order of the sp3 hybridized -CH,— and >CH- groups can also be interpreted in
terms of entropic effects since neither group is strongly interacting. These groups
contribute to molecular flexibility, which Tsakinakis (1988) and Dannenfelser (1993)
have shown is a major determinant of the entropy of melting. The lower parameter
value of the —CHy>— group reflects its greater contribution to flexibility and hence
entropy. The fact that the last group, —CHj, has the lowest value in the series is largely
a result of the poor efficiency with which the ends of molecules pack in the crystal.
Thus, although this group is the most exposed, it contributes little to the enthalpy of

melting.

The values of the sp2 and sp hybrid carbon groups tend to be lower than those of the
sp’ groups, i.e., (>C<) > (>C=) > (-C=) and (>CH-) > (~CH=) = (HC=), although the
same trends are seen within the sp® and sp series’ and presumably for similar reasons.
Despite the fact that aromatic compounds contribute the majority of sp2 carbons in the
training set and generally melt higher than their aliphatic counterparts, the aliphatic
groups are tetrahedral while the >C= and —CH= groups are trigonal planar and linear,

respectively, and these geometric differences often contribute to markedly different
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molecular shapes. It is also noted that among rigid compounds, the aromatics tend to
have the highest entropies of melting, which also supports the lower contribution of
the sp® groups to Tp. It was confirmed that this trend is not simply due to the
competing influence of the geometric descriptors that are already in the model, as it is
observed when the regression is run with only the molecular fragments. Furthermore,
this trend is observed in Joback and Reid’s model which doesn’t incorporate geometric

descriptors.

The parameter estimates for the halogens must be interpreted in view of the fact that
the logarithm of molecular weight is used as an independent variable. Generally, an
increase in the molecular (or atomic) weight of a fragment is paralleled by an increase
in its polarizability. Polarizability, in turn, is a major determinant of the strength of the
induced dipole-induced dipole, or London dispersion interactions which are prevalent
in the condensed phases of organic compounds. Omission of the logMW parameter
from the regression results in fluorine, chlorine, bromine, and iodine having values
which largely reflect increasing polarizability. Since inclusion of the molecular weight
parameter indirectly accounts for much of the polarizability differences between the
halogens, their values do not show a consistent pattern; increasing from fluorine to

chlorine and then decreasing through bromine and iodine.
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For the hydrogen bond donating groups, the parameter estimates tend to parallel
increasing hydrogen bonding ability. The carboxyl group has the highest parameter
value, since it is capable of forming reinforced hydrogen bonds with other carboxyl
groups in the crystal. This is followed by the hydroxyl and amino groups. As
mentioned, differentiating the ~-COOH, -OH, and —SH groups on the basis of bonded
group hybridization led to significantly different parameter estimates and a marked
improvement in the model. The greater values of the groups attached to sp” and sp
atoms (designated “Y™") are attributed to the electron-delocalizing effect of the multiple
bonds which makes the -OH and —SH hydrogens more available for interaction.
Interestingly, differentiation on this basis did not lead to different values for the sp3

and sp” (and sp) amino and amide groups.

Of the remaining groups with non-zero parameter estimates, the >SO and >SO- groups
have the largest values. Although it is tempting to attribute this solely to the large
dipole of the sulfur-oxygen bond, the fact that the value of the >C=0 group is nearly
half that of the SO group makes this doubtful. The tendency of the sulfur groups to be
found in relatively small, high melting compounds in the training set, e.g., dimethyl

sulfone: Ty, = 382, may have been influential.

The -C=N, >C=0, -CH=0, ~COO-, and -O- groups have values that are generally

consistent with their size. The =NO, group, however, has a much lower value than
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expected. When logMW is excluded from the regression, the value increases
appreciably, indicating that the effects of the group are being largely accounted for
through this parameter, as is the case with the halogens. The ~-CON<, -CH=N- and
—N=C=0 groups have relatively high standard errors as a result of their infrequent
occurrence in the training set. The value of the tertiary amide is consistent with the
other amides as well as its not being a hydrogen bond donator. The latter two groups
have negative parameter estimates, which is due to their contributing to higher

entropies of melting for the limited number of molecules in which they were found.

Three of the six groups that were assigned parameter values of zero; >CH—, -CH;,—,
and —S—, have non-zero values when the regression is run without logMW. The
molecular weight variable causes a reduction in the values of many of the parameters
and the three mentioned have values close enough to zero that the reduction makes
them insignificant. In light of the convergence temperature of the linear alkanes, it is
clear that the use of logMW to describe the melting behavior of compounds containing
these groups is the better approach. It is not possible to describe the observed melting
point plateau at approximately 414 K for the high molecular weight paraffins using the

~CH,— group value of 6.5 K that is obtained from the regression without logMW.

The large negative value of the intercept is also a consequence of including the

logMW parameter. Without logMW, the value of the intercept is approximately 163
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and comparable to the value of 122 used in the model of Joback and Reid. Because the
coefficient of logMW is 204.16 and most logMW values in the training set fall
between 1.5 and 2.75, the range for this parameter is roughly 300 and 550. Combining
these values with the intercept, -203.59, yields a range of roughly 96 to 346 which can
be thought of as the range of a molecular weight-adjusted intercept, since the logMW

parameter is applicable to all compounds.

Geometric Descriptors

Symmetry

Increased symmetry generally leads to increased melting temperatures. The regression
results reveal the following order of melting point increase amongst the symmetry
numbers: 12 >4 >6 > 20 >3 > 2 =8 = 10. Twelve-fold rotational symmetry
corresponds to compounds such as per-substituted benzenes, benzene itself, and
globular, per-substituted methanes. The relatively high melting points of many of these
compounds are a result of their having low fotal entropies, ZASy, &, Which is defined as
the sum of all solid-solid transition entropies plus the entropy of melting. The low total
entropies can be attributed to low expansion volumes and low rotational entropies
(Yalkowsky, 1979). Examples of compounds with twelve-fold symmetry are given in
Table 3.5. The values of the total enthalpy of melting, ZAHy in the table, are

calculated as:
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ZAHm'u- = AHm + Tm . ZAS(r (3.3)

where AS, is the entropy of a solid-solid transition. In eq 3.3, the product of the
melting temperature and total entropy are used because this roughly takes into account

the energy required to heat the substance between transition temperatures; a quantity

that is ignored by summing ZT-AS,



Table 3.5. Some training compounds with twelve-fold symmetry.

Compound ZAHpne ZASpe Tm  solid-solid

J/mol J/K mol K transitions*
benzene 9,257 33 278 0
coronene 17,675 25 707 1
hexachlorobenzene 25,200 50 502 0
hexaflorobenzene 11,586 42 278 0
hexamethylbenzene 22,645 52 438 l
neopentane 7,890 31 257 l
tetrabromomethane 10,700 29 363 |
tetrachloromethane 7,702 31 251 0
tetrafluoromethane 2,720 30 90 0

*Reported
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Four-fold symmetry is observed for the para-, (or 1,4), disubstituted benzenes and
polycyclic aromatics such as naphthalene, anthracene, pyrene, and perylene. The high
melting points of these compounds are attributed to high packing efficiencies and
maximization of intermolecular attractions. Although these compounds usually have
higher enthalpies and higher entropies of melting versus their less symmetrical
isomers, there is a proportionally greater increase in the enthalpy of melting which
leads to the high parameter value. Table 3.6 presents several disubstituted benzene

isomers which illustrate this point.



Table 3.6. Solid-liquid transition properties of some disubstituted benzenes.

Substituent Positions XAHp,, ZASp, Tn
J/mol  J/K mol K

_CH; 12 13,068 53 247
1,3 1,651 52 224

14 17,117 60 285

~NO, 1,2 22,750 S8 392
1,3 17350 48 361

14 28,100 63 446

~NH, 1,2 23,100 62 373
1,3 15570 46 338

1,4 24900 60 415

-l 1,2 12922 51 253
1,3 1259 51 247

1,4 19.658 60 328

—Br 1,2 13,587 49 277
1,3 14225 54 263

1,4 20,040 56 358

| 1,2 14079 47 300
1,3 15943 52 307

1,4 22,340 56 399
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Six-fold symmetry is the next major contributor to a melting point increase. As seen in
the collection of representative compounds from the training set in Table 3.7, the
melting point increases are due to either low total entropies, the occurrence of solid-
solid transitions or, in the case of the polycylic aromatic structures, increased packing

efficiency and a high total enthalpy of transition.



Table 3.7. Some training compounds with six-fold symmetry.

Compound ZAHpy ZASpe Tm solid-solid

J/mol J/K mol K transitions®
1,3,5-Trifluoro-2,4,6-trichlorobenzene 19,829 59 335 0
1,3,5-trimethylbenzene 9,496 42 228 |
1,3,5-Trinitrobenzene 16,745 44 380 1
bicyclo[2.2.2]octane 20,714 46 447 1
cyclohexane 12,676 45 280 |
cyclopropane 5,445 37 145 0
hexachloroethane 25,135 55 458 2
hexafluoroethane 8,906 51 173 1
S-triazine 14,584 4] 354 1
triphenylbenzene 33,495 75 446 0
triphenylene 24,728 53 471 1
triptycene 30,250 57 527 0

*Reported
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A symmetry number of twenty is assigned to cylindrical structures which are generally
able to pack tightly in the crystal. Table 3.8 gives some examples from the training set.

Unfortunately, thermodynamic data for these compounds was largely unavailable.
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Table 3.8. Some training compounds with assigned symmetry numbers of 20.

Compound IAHp,y 2ZASpy Twm  solid-solid
J/mol J/K mol K transitions*

2-butyne 9242 38 241 0
2,4-hexadiyne - - 342 1
acetylene - - 192 -
ethane 2881 32 90 1
ethene 3351 32 104 0

*Reported
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Three-fold symmetry contributes an average of 36.5 K to an increase in melting point.
Its effects appear to be primarily the result of low fusion entropies. Table 3.9 presents

representative compounds from this class.



Table 3.9. Some training compounds with three-fold symmetry.

Compound ZAHpy ZASpy Tm  solid-solid

J/mol J/K mol K transitions*
1,1,1-trichloroethane 10,451 43 243 0
1,1, 1-trifluoroethane 6,498 40 162 |
2,2,3,3-tetramethylbutane 12,442 33 374 1
2,2-dimethyl-1-propanol 10,043 31 325 l
chlorotrifluoromethane 5,552 48 115 0
fluorotrichloromethane 7,863 48 165 0
tert-butanol 7,568 25 299 |
tert-butylmercaptan 12,312 45 274 3
trifluoromethane 4,059 34 118 0
trifluoromethanethiol 4,922 42 116 0
trimethylamine 6,545 42 156 0
tri-tert-butylmethanol 12,799 33 390 1

*Reported
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The parameter estimates of the eight- and ten-fold symmetry numbers had large
standard errors in the initial regression, which was partially due to there being only a
few representatives of each class. Since the values were nearly identical to the
parameter estimate for two-fold symmetry, the compounds with two, eight, and ten
fold symmetry were regressed under a common descriptor in the final regression.
Consequently, symmetries of 2, 8, and 10 contribute equally to the melting point

according to the model.

There are less than ten conically shaped compounds, such as bromo- and
chloromethane, with assigned symmetry numbers of ten in the training set and only
one compound, octafluorobutane, with eight-fold symmetry. All of these are small,
globular structures. There are, however, over 500 compounds with two-fold symmetry
that vary widely in terms of their structure. Consequently, the thermodynamic basis’
for their having higher melting points varies as well. Table 3.10 lists sample

compounds with two-fold symmetry.



Table 3.10. Some training compounds with two-fold symmetry.

Compound IAHn, ZASne Tm solid-solid

J/mol  J/K mol K transitions*
1,3-dibromobenzene 14,220 53 266 0
2,4.,6-trinitrophenol 17,104 43 394 0
3,5-dimethylphenol 17,978 53 337 0
4-nitrobenzoicacid 36,893 72 512 0
9,10-dihydroanthracene 23,849 62 382 0
acetic acid 11,124 38 290 0
hexafluroropropanone 8,382 57 148 0
iodobenzene 9,727 40 241 0
phenanthrene 16,777 45 374 |

*Reported
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Ring Systems

The presence of multiple, independent ring systems in a molecule generally reduces its
ability to pack efficiently in a crystal. Consequently, the RS2 and RS3+ parameters
both have negative values; the RS3+ value being the more negative of the two. The
inclusion of the biphenyls in RS2 was based primarily upon the improved correlation
coefficient of the model. The observed improvement is due to the fact that many of the
biphenyls in the training set have ortho substituents which hinder efficient packing and

reduce melting points by forcing the phenyl rings out of a common plane.

Multicyclic Structures

The high melting points of multicyclic compounds resuit primarily from their
undergoing solid-solid transitions which shift the solid-liquid equilibriums to
significantly higher temperatures. For these compounds, many of which are also
symmetrical, the average increase due to their roughly spherical geometry (based on
twenty-one compounds, some of which are presented in Table 3.11) was determined to

be 116.6 K.



Table 3.11. Some training compounds that are assigned the multicycle descriptor.

Compound ZAHpy ZASpy T solid-solid

J/mol J/K mol K transitions*
1,4-diazabicyclof2.2.2]octane 20,455 47 433 1
3-oxabicyclo[3.2.2]nonane 22,154 49 448 1
bicyclo[2.2.2]octane 20,714 46 447 1
bicyclopentadiene 14,061 46 305 1
bullvalene 15,229 42 366 0
cubane 15,418 38 405 1
diamantane 24,838 48 518 2

*Reported
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Intramolecular Hydrogen Bonding

While regression analysis resulted in the IHBS, IHB6, and IHB7 descriptors having
negative values, the I[HB4 descriptor value is positive. This is in agreement with the
findings of Simamora et al. (1994) who applied this descriptor to the estimation of
fusion enthalpies for rigid, aromatic compounds. While the reduction in melting point
due to the formation of the 5, 6, and 7 membered intramolecular hydrogen bonded
rings is intuitive in that the hydrogen bonding groups are prevented from forming
crystal strengthening intermolecuar bonds, the positive value for the [HB4 parameter
is not. The explanation for this result is that compounds which are capable of forming
four membered rings are more likely to form reinforced intermolecular bonds in the
crystal than the conformationally stressed, four membered intramolecular ring. Figure
3.16 provides examples of intramolecular hydrogen bonding and non-intramolecular

hydrogen bonding isomers with their melting points.
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Isomers and their melting points (K)
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Figure 3.16. A comparison of isomers demonstrating the effects of intra- and
reinforced inter- (IHB4) molecular hydrogen bonding.
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Conclusion

Figure 3.14 shows the results of extrapolating the melting point model to compounds
that are significantly more complex than most of the compounds used to train the
model. The Figure demonstrates that a combination of appropriate functional group
and geometric descriptors can be used in an additive model to calculate what is
generally considered to be a non-additive property. When comparing this general
model to those available in the literature, it is important to recognize that the average
absolute error (AAE) of a model will generally increase with the diversity of the
compounds used to train the model. The fact that the AAE obtained for the current
training set of nearly 3000 highly diverse compounds is equivalent to or better than the
AAE’s of existing techniques, which were trained on data sets nearly an order of

magnitude smaller, indicates that the scheme developed here is far more reliable.
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CHAPTER 4. THE TOTAL ENTHALPY OF MELTING

Introduction

The enthalpy of melting, AHy,, is the energy required to convert one mole of a
crystalline solid to a liquid. The magnitude of AH,, reflects the difference in internal
energies of the solid and liquid phases, AU, plus the work associated with the change

in volume on melting at one atmosphere; PAV
AHm = AUm + PAVm (4.1)

where P is 1 atm external pressure and V,, is molar volume. The accurate calculation
of AHy, requires a detailed knowledge of crystal structure, since AUy, is determined by
the difference in the extent of intermolecular z;ttraction in the two phases, as well as
the change in volume. In the absence of these data, a few structure-based methods are
available for the estimation of AH,. Chickos et al. (1990, 1991) use group
contributions to the entropy of melting and experimental melting points and estimate
AHy, as: TpnASy,. These authors report average errors of 3181, 2051, and 2344 J/mol for
multi-, mono-, and unsubstituted hydrocarbons, respectively. However, the errors

reflect the accuracy of their entropy estimation method.
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Simamora et al. (1994) and Kyzyzaniak et al. (1995) developed group contributions to
AH, for rigid and flexible compounds, respectively. In generating group values, they
used AHy, values which were calc;ulated from melting points and estimated values of
ASp,. Both methods are based upon the assumption that AHy, is roughly additive.
However, the value of AH,, for a particular compound will depend upon whether or
not energy is taken in during solid-solid transitions below Ty, Therefore, even if it is
assumed that a molecular fragment will behave similarly in different environments,
using AH, data to generate group values is a questionable approach. Figure 4.1 shows
the results of applying the models of Simamora and Kyzyzaniak to compounds from

APPENDIX D with enthalpies below 40,000 J/mol.
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Figure 4.1. Predicted enthalpies of melting (via the methods of Simamora et al., 1994,
and Krzyzaniak et al., 1995) versus experimental values.
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Although the average error for this data set of 3556 J/mol is comparable to the errors
reported by Chikos, a systematic error is evident in the plot, which is likely the result

of having modeled AH,, instead of the total enthalpy of melting; TAHp, ;.

Table 4.1 illustrates a potential source of error in developing group contributions to
AHy,. All of the compounds in the table have relatively low AH,, values as a result of
their undergoing transitions below their melting points. The variability in the percent

of the total enthalpy of fusion, ZAHy, , that is represented by AH, is readily apparent.



105

Table 4.1. Examples of compounds that undergo highly endothermic solid-solid
transitions.

Compound AH, ZAHpy %of solid-solid
J/mol J/mol ZAHy, _ transitions*

perfluorotriethylamine 3,374 6,667 50.6 2
pentafluorochloroethane 4,407 7,568 58.2 1
3-oxabicyclo[3,2,2]nonane 13,770 22,154 62.2 1
perfluoropiperidine 11,284 17,030 66.3 2
tert-butylmercaptan 8,168 12,312 66.3 3
1,1,1-trifluoro-3-chloropropane 7,008 9,790 71.6 2
hexafluoroethane 6,422 8,906 72.1 1
2-chloro-2-nitropropane 10,880 15,071 72.2 1
benzene-hexa-n-hexanoate 79,697 105,802 75.3 3
thiophene 8,114 10,615 76.4 3
2,2-dimethylpropanal 8,228 10,574 77.8 2
dicyanomethane 12,059 15,326 78.7 |
1,4-butanedinitrile 9903 12,503 79.2 1
2-hydroxymethyi-2-methyl-1,3- 28,553 36,002 79.3 1
propanediol

hexachloroethane 20,536 25,135 81.7 2
cyclohexylcyanide 11,060 13,466 82.1 1
cyclohexeneoxide 10,600 12,824 82.7 1
tri-tert-butylmethanol 10,630 12,799 83.1 1

*Reported
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The total enthalpy of melting, ZAHy, , represents the total amount of energy required
to melt the most stable crystal form of a chemical. Per eq 3.3, ZAHp, is calculated as
the sum of the enthalpies of all solid-solid transitions (scaled to the melting
temperature by multiplying the solid-solid transition entropies, ASy, by Tr) plus the

enthalpy of the solid-liquid transition:

ZAHp e =AHp + Ty - ZAS 3.3)

In effect, ZAH,,,, is the amount of energy that would be required to produce all
transitions, from the most stable crystal to the liquid, at the melting point. Group
contributions generated to £AH,,, would presumably be more reliable than those
generated to AH,, since variability in the data due to solid-solid transformations is

eliminated.

The only additive method of estimating XAHp that is currently available was
developed by Bondi (1968). He proposed obtaining total enthalpies from measured
melting points and calculated entropies according to eq 3.3. His method of estimating
the entropy of melting for rigid compounds involves obtaining literature values of ASy,
and ZAS, for compounds with similar geometry and then adjusting that value, via
group contributions, according to the different functional groups on the structure of

interest. If literature values are unavailable, the entropy value is to be calculated using
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moments of inertia and harmonic-oscillator contributions. Bondi also developed a

series of equations to estimate ASp, ; for flexible molecules.

Although creating a set of group contributions to ZAH, . is likely to be a viable
approach to model development, reliable literature data are not overly abundant. The
objective here is to seek a correlation between the total enthalpy of melting and the
melting point, for which group values have already been generated. This approach

involves finding a parameter(s) to be used in addition to T, to estimate SAH .

A plot of ZAHp vs. Ty in Figure 4.2 reveals the major challenge: reconciling the
relatively linear relationship between total enthalpy and T, for rigid compounds (solid

circles) with the non-linear relationship for flexible compounds (open circles).
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Figure 4.2. Total enthalpy of melting versus the melting point for the training
compounds in APPENDIX C. Solid circles represent rigid compounds and open
circles represent flexible compounds.
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Model Development

Training Compounds

One hundred ninety one compounds with reported solid-solid transition data comprise
the enthalpy training set. The thermodynamic phase transition data came primarily
from Domalski and Hearing (1996) with a few data from Bondi (1968). The
compounds, which are a subset of the melting point training set, are presented in

APPENDIX C with relevant thermodynamic data.

Parameters.

The appropriate structural descriptor must account for the different behavior of rigid
and flexible compounds, which is shown in Figure 4.2. When plotted as the dependent
variable versus Tp, the total enthalpy of melting of flexible compounds rises
exponentially whereas the increase in ZAHp, relative to Ty, is nearly linear for rigid
compounds. These trends are due to the increase in £ASy,, with increasing molecular
flexibility, and the fact that £ AS,,  for rigid compounds is much less variable, usually

being between 30 and 60 J/K mol.

An optimal parameter is the square of molecular eccentricity; €. Eccentricity, €, is
defined as the ratio of the length of a molecule, measured along its longest axis, to the

diameter of a sphere occupying the van der Waals volume of the molecule:
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4.2)

where L is length in angstroms and V,, is the van der Waals volume, which is the

volume defined by the contact radii of the bonded atoms, in cubic angstroms.

Molecular lengths were measured using SymApps® software (Bio-Rad Laboratories,
Sadtler Division, 1997). Lengths were obtained by adding the van der Waals radii to
the center to center distance between the two atoms in the molecule that are the
furthest apart. Van der Waals volumes were calculated using the group contributions

listed in Table 4.2, which were developed by Bondi (1968).
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Table 4.2. Group contributions to the van der Waals volume (Bondi, 1968).

Descriptor Aliphatic increment  Aromatic increment
A’ (if different) A®

-CH; 227

~CH» 17.0

>CH- 11.3

>C< 55

=CH, 19.8

~CH= 14.1 13.4
>C= 8.3 8.4
HC= 19.2

-CE 134

-F 10.0° 9.6
-CL 19.9°

-BR 24.3* 25.1
-1 319" 326
-0- 6.1 5.3
-OH 134

-COOH 29.9

-COO- 25.2

-CON< 26.6

-CONH- 299

-CONH; 316

>C=0 19.4

-CH=0 25.1

-NH, 17.5

-NH~ (trigonal planar) 12.5

~NH- (tetrahedral) 134

>N- 7.2

-N= 10.0

-N=N- 249

—CH=N- 233

-NO; 279

-N=C=0 299

~SH 24.6

*Bondi calculated values for different degrees of substitution, e.g., the value of
a halogen depended upon how many halogens were attached to a. particular
carbon. The values in the table are average values.
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Table 4.2 - continued

Descriptor Aliphatic increment  Aromatic increment
A’ (if different) A’

>8=0 258

>80, 33.7

-S- 17.9

Ring correction 1.5/ ring

*Bondi calculated values for different degrees of substitution, e.g., the value of a
halogen depended upon how many halogens were attached to a particular
carbon. The values in the table are average values.
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Low € values correspond to globular molecules and other compounds for which
molecular volume tends to increase significantly with overall length. High € values
correspond to elongate structures such as the unbranched paraffins. Table 4.3 presents

the € values for representative compounds from the training set.
P g
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Table 4.3. Some training compounds from APPENDIX C with their
eccentricity squared, €7, values.

2

Compound €

diamantane 1.08
pyrrolidine 141
hexachloroethane . 1.52
thiacyclohexane 1.58
hexamethylbenzene 1.65
2,3dimethylbutane 1.73
thiophene 1.78
tetrachloroethene 1.85
1,2,3-trimethylbenzene 1.92
2-hydroxymethyl-2-methyl-1,3-propanediol 2.00
perfluoromethyldiethylamine 2.10
1,2-dichloroethane 2.22
1,3,5-trinitrobenzene 2.32
1,2-dibromoethane 248
1,2,3,4,5,6,7,8-octahydroanthracene 2.71
1,1,1-trifluoro-3-chloropropane 3.00
trans-stillbene 3.90
1,1-diphenyldodecane 5.56

1-pentadecanol 7.93
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Figure 4.3 shows a general trend of increasing ZAH,, - with &’ for flexible compounds.
Molecules towards the left of the graph with low e values and the higher ZAH, o
values tend to be rigid, hydrogen bonding compounds with high melting points. For
these compounds, the high ZAH,,,- values are correlated with Tp, not €. The greatest
correlation of TAHy, with €, the diagonal series of points, is observed for the

paraffins.
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Figure 4.4 presents a plot of Ty, versus €. The apparent lack of a correlation of Tp,
with € is expected since eccentric molecules can melt high or low depending on
whether they are rigid or flexible. The lack of a correlation was confirmed by testing

the eccentricity parameter in the melting point model.
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Regression Analysis and the Final Model

The model for the estimation of the total enthalby of melting is presented with
descriptive statistics in Table 4.4. The model was developed using total enthalpy of
melting values that were calculated via eq 3.3 from literature values of AH,,, Tn, and
ZASn . of 191 organic compounds. The model has an adjusted R? value of 0.932, an
average absolute error (AAE) of 3189 J/mol, and an F value of 1309 (Probability>F:
0.0001). Since the error tends to increase with the magnitude of the total enthalpy, the
average percent error of 19.4% is a better indicator of precision than the AAE. No

outliers were deleted from the analysis.
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Table 4.4. The total enthalpy of melting estimation model.
Descriptor Standard

Descriptor Value Error T Prob>ITI
Intercept -12982.0 1107.1 -11.7 0.0001
Tm 54.8 3.7 148 0.0001

3 5890.0 127.6  46.2 0.0001
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Evaluation

Figure 4.5 presents a plot of predicted versus experimental total enthalpies of melting
for the compounds in the training set. The correlation coefficient for compounds with
total enthalpies below 50,000 J/mol (the bulk of the data) is 0.78 with an AAE of 3109

J/mol and an average percent error of 20.2%.
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Figure 4.5. Predicted versus experimental total enthalpies of melting for the training

compounds in APPENDIX C. The line is the line of identity.
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Estimation of the Total Enthalpy of Melting From Molecular Structure.

The parameter coefficients in the model, as well as Figures 4.5 and 4.6, were generated
using experimental melting points. While these demonstrate that the melting point and
eccentricity can be used to model ZAH,,,, a true test of the model is to predict ZAHy,
form structure. This is accomplished by using predicted melting points (Chapter 3) in

the model:

Predicted AH, r = 54.8 T, (predicted) + 5890.0e” -12892.0 4.3)

Using eq 4.3 to estimate the value of AHy, for the compounds used above,
regression analysis yields an R? value of 0.910, an AAE of 3812 J/mol, and an average
percent error of 23.7%. Limiting the correlation to ZAH, ., values below 50,000 J/mol,
an R” value of 0.71, an AAE of 3707 J/mol, and an average percent error of 24.7% is

obtained. The results are presented graphically in Figure 4.6.



124

. 120000 -
[<]
g .
<
o
=
O
3 80000 -
17}
g
= ® .
£ o0
T 40000 - A
S o« 0l
© ; o
(]
.:6. ¢ .o. :
© "
e *
m 0 T [] 1
0 40000 80000

Experimental ZAH, , (J/mol)

120000

Figure 4.6. Total enthalpies of melting predicted from structure versus experimental
values for training compounds in APPENDIX C. The line is the line of identity.
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These figures show, as expected, that there is a greater amount of scatter in the data
when predicted melting points are used. However, the average percent error is still

reasonable.

Discussion

The regression shows that the total enthalpy of melting can be estimated from the
melting point and the square of molecular eccentricity, €, with reasonable accuracy.
Despite the relatively small training set, the parameter coefficients are quite robust and

indicate that Ty, and € are equally important in determining the magnitude of ZAH .

For molecules that are highly flexible, ZAH, tends to be high as a result of the
molecules’ elongate structures and ability to pack efficiently in the crystal. Ty,
however, is low due to the fact that flexible molecules have a high degree of
conformational freedom in the liquid phase and correspondingly high ASy, values.
For such compounds, € is large and primarily responsible for the high calculated
enthalpy. In the case of rigid compounds, which tend to have lower € values and
relatively constant entropy values, their melting points are the major determinant of the

ZAH, - estimates obtained from the model.
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Compounds that are both rigid and highly elongated, such as the trans alkenes and
alkynes, will have high € values and high melting points, since they do not have
extremely high entropies of melting like their flexible counterparts. Very high ZAHy,
estimates are expected for these compounds. Unfortunately, thermodynamic data for
these compounds is scarce, a fact which is at least partially due to their tendency to
decompose before melting. However, this behavior is consistent with a high ZAHp, - as

would be predicted by the current model.

The model presented here provides a means of estimating the total enthalpy of melting
form a calculated melting point, molecular length, and the calculated van der Waals
volume of the molecule. The method is advantageous relative to the existing technique
(Bondi) in that it is very simple and requires no experimental data. The average
percent error is similar to that of methods of estimating AH,, (vs. ZAHy, ) which use

measured melting points.
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CHAPTER 5. THE TOTAL ENTROPY OF MELTING

Introduction

The entropy of melting, ASy, represents the difference between the degrees of order in
the crystalline solid and the liquid phases of a substance. It is not directly measurable
and is obtained experimentally as the ratio of the enthalpy of melting to the melting
temperature; AH/T,. Phenomenologically, AS,, consists of two components: the
entropy associated with a change in volume at the melting point and the entropy
change at constant volume, which is commonly referred to as configurational entropy
(Bondi, 1968). Several investigators (Hirschfelder, Stevenson, and Eyring, 1937;
Yalkowsky, 1979; Dannenfelser, 1996) have developed models for estimating AS;, by
dividing the latter component into rotational, positional, and conformational entropies,
and then correlating these with aspects of molecular structure. Chickos (1990, 1991)

took an alternative approach and developed group contributions to AS,.

As with the enthalpy of melting, the magnitude of AS,, is dependent upon whether or
not solid-solid transitions occur below the melting point. Since it is difficult to predict
the entropy change associated with a solid-solid transition, ASy, let alone whether or
not such a transition occurs, a general model is more likely to be successful in

predicting the total entropy of melting, £AS, ., than the entropy change at the melting
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point. The former is defined as the entropy of melting plus the entropy associated with

all solid-solid transitions:

2ASer = ASm + zASu' (5.1)

The current approach to estimating ASy,, takes advantage of its correlation with the
total enthalpy of melting. The relationship is shown in Figure 5.1 for the 191
compound training set (APPENDIX C) and in Figure 5.2 for a subset containing only

compounds with total entropies of melting below 150 J/Kmol.
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Figure 5.2. Correlation of the total entropy of melting with the total enthalpy of
melting for the compounds in APPENDIX C with total entropies less than 150
J/K mol. Trendlines lines are drawn through the various classes of compounds.
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In Figure 5.2, trendlines representing average inverse melting temperatures are drawn
through classes of compounds with varying degrees of structural flexibility. The
differences between classes suggest that a parameter reflecting the degree of structural

flexibility can be used with XAH, ;, to model ZASp ;.

Model Development

Training Compounds

The same 191 compounds in APPENDIX C that were used to train the total enthalpy
of melting model were used for the entropy model. As mentioned, all compounds

undergo solid-solid transitions for which thermodynamic data is available.

Parameters

During the development of their entropy estimation method, Dannenfelser et al. (1996)
defined a parameter tau () to represent molecular flexibility. This parameter was
determined to be highly effective when used in conjunction with ZAHy,, to estimate

ZASp and has been adopted for use here.

Tau represents the number of effective torsional angles in a molecule. For a series of
three bonds, a torsional angle is created by the third bond and the plane of the first

two. This is analogous to the angle created by the minute and hour hands of a clock if
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the connecting rod assumes the role of the middle bond. The “effective” torsional
angle extends this concept to the rigid and semi-rigid portions of a molecule by
expressing their contributions to molecular flexibility as fractions of the flexibility of a

normal alkane torsional angle.

The number of torsional angles is calculated by subtracting unity from the number of
chain atoms. Chain atoms do not include end groups such as the methyl, halo,
hydroxyl, amino, and carbonyl oxygen groups, or tert-butyl and trihalo groups which
are freely-rotating. For saturated linear molecules, T = SP3-1, where SP3 is the number
of sp’ atoms in the chain. The groups C, CH, CH,, NH, N, O, and S are designated

SP3.

Since there is less rotation about a double bond than a single bond, sp2 hybridized
atoms contribute less to flexibility. Dannenfelser et al. (1996) empirically determined
that two sp® atoms result in about the same degree of flexibility as one sp’ atom.
Therefore, the number of sp* atoms in a molecule is multiplied by 0.5 to quantify their
contribution to molecular flexibility. The nitrogen, sulfur, and carbon atoms of nitro,
sulfonyl, and carboxyl groups are sp® atoms. The sp hybrid atoms are not included in
calculations of 1 since they do not contribute to flexibility. In addition, all rings and

fused ring systems are treated as single groups and multiplied by 0.5.
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The number of effective torsional angles for any molecule is calculated as:

T=SP3+055P2 +05RING -1 (5.2)

where SP3 is the number of sp° chain atoms, SP2 is the number of sp’ chain atoms and
RING is the number of fused ring systems. If a negative value of 7 is calculated, a
value of zero is assigned. Table S.1 presents several compounds from the training set

with their T values and total entropies of melting for comparison.



134

Table 5.1. Some training compounds from APPENDIX C with values of T
assigned according to eq 5.2.

Compound T ZASmy
quadricyclane 0 45
thiacyclohexane 0 46
1,4-diazabicyclo[2.2.2]octane 0 47
pentafluorophenol 0 48
tetrachloroethene 0 50
perfluoropiperidine 0 62
2-methyl-2-butanol 1 31
2,2,3,3-tetramethylpentane 1 51
1-propanethiol i 62
butanoic acid 1.5 48
2,2-dimethyl-1,3-propanediol 2 55
2-methyl-2-nitro-1,3-propanediol 2.5 82
1-heptene 35 83
pimelic acid 5 77
n-nonane 6 99
1-undecene 1.5 118
tridecane 10 137
1-pentadecanol 13 171
nonadecanoic acid 16.5 196
dotriacontane 29 345
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In addition to ZAHy,,, T was the only parameter found to significantly improve the

total entropy estimation model.

Regression Analysis and the Final Model

The model for the estimation of the total entropy of melting is presented in Table 5.2.
The total entropy of melting was modeled using the total enthalpy of melting and Tas a
measure of flexibility. The model generated using the 191 compounds in APPENDIX
C has an adjusted R? value of 0.963, an average absolute error of 7.3, an average

percent error of 12.6%, and an F value of 2459 (Probability>F: 0.0001).



Table 5.2. The total entropy of melting estimation model.

Descriptor Standard
Descriptor Value Error T Prob>ITI

Intercept 30.2 1.5 20.1 0.0001
ZAHp, (J/mol) 000126 0.00010 12.6 0.0001
T 5.48 034 16.1 0.0001

136
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The model is expressed mathematically as:

ZASme=30.2 +0.00126-ZAHpm + 5.48T (5.3)

Evaluation

Figure 5.3 shows the plot of predicted versus experimental total entropies of melting.
Since entropies are not measured directly, but must be obtained from experimental
transition temperature and enthalpy data, the “experimental” total entropies in the

figure are actually calculated as:

ZASm = AHy/To + Z(AHW/Ty,) 5.4)
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Figure 5.3. Regression-generated predicted total entropies versus experimental total

entropies for the training compounds in APPENDIX C. The line is the line of
identity.
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The high R? value for total entropies that range from approximately 30 to 350 J/Kmol,
is largely due to the exceptional fit of the high molecular weight paraffins. The
correlation for compounds with total entropies below 100 J/Kmol (the bulk of the
data) is somewhat lower. The average error associated with an estimate for compounds

with ZASp - values below 100 J/Kmol is 7.2 J/Kmol or roughly 13.6%.

Estimation of the Total Entropy of Melting From Molecular Structure.

To predict ZASn « from molecular structure, melting points are calculated according to
the method in Chapter 3 and then used to estimate £AHy,,, via eq 4.3. The estimate of
ZAHp, is then used in eq 5.4 to obtain the total entropy of melting. By combining

equations 4.3 and 5.3, this simplifies to:

TASm i = 0.07(T, predicted) + 7.43€” + 5.48T + 13.95 (5.6)

The results of applying eq 5.6 to the estimation of ZAS,,, for the training compounds

are shown in Figure 5.4.
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The correlation coefficient of 0.928 and average error of 9.8 J/Kmol or 16.9% are
similar to the values that were generated for the model using experimental enthalpies
and 1. Even for entropies below 100 J/Kmol, the average error is 9.8 J/Kmol and
18.3%. However, the model does not do exceptionally well for entropies below 100

J/Kmol.

Discussion

The current entropy model employs T and an intercept in addition to the total enthalpy
of melting. Dannenfelser et al. (1996) also used T and an intercept, but in addition to a
function of molecular symmetry. Intestingly, the coefficients of t and the values of the
intercepts are not radically different. Dannenfelser obtained a value of 8.71 for the T
coefflcient versus the value of 5.48 obtained here and an intercept of S0 J/Kmol for the
intercept versus the value of 30.2 J/Kmol in the current model. The difference in T
coefficients is likely attributable to the larger number of highly flexible compounds
Dannenfelser used in her training set. Some of these had entropies of nearly 600
J/Kmol. The value of Dannenfelser’s intercept is similar to the value Walden (1908)
obtained as an average entropy of melting for a collection of rigid aromatic
compounds; 56.5 J/Kmol. This value is known as Walden’s rule. Effectively, this
value is used in Dannenfelser’s model as a starting point from which entropy units

were subtracted if a molecule is highly symmetrical, or to which entropy units are
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added if a molecule is highly flexible. The value of 30.2 J/Kmol in the current model
(eq 5.3) represents an approximate total entropy minimum for organic compounds.
Aside from methane which has a total entropy of melting of only 14.9 J/Kmol, most
organic compounds have total entropies above 25 J/Kmol. The value for carbon
tetrafluoride, for example, is 29.1 J/Kmol. In the current model, 30.2 J/Kmol serves as
a starting value to which entropy units are added for flexibility as well as other factors,
such as packing efficiency and size, which contribute to or are correlated with higher

total melting enthalpies.

The average error of 9.8 J/Kmol for the model is within the range of errors reported for
general methods of estimating AS,. Chickos, for example, reports an average error of
8.37 J/Kmol for 233 multi-substituted hydrocarbons, and Dannanfelser (1996) reoprts
an average error of 12.5 J/Kmol for 934 diverse compounds. However, this result is
more a testament to the difficulty of predicting transition entropies than to the

adequacy of the models.

There are several factors which contribute to the error associated with TASq
estimates. The first is related to the assumption that a summation of reported AS,, and
AS, values gives the total entropy of melting. Although the training set was restricted
to compounds with reported solid-solid transition data to help ensure that TAS, » was

used in the correlation, it is possible that the values for some of the compounds did not
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represent all of the transitions that the compounds undergo. This may have contributed

to low experimental values of ZAS, r for some of the compounds.

A second source of error is the literature data itself. Often times, markedly different
values of transition entropies were reported for the same compound. While an effort
was made to use values that were consistently obtained by different investigators,
multiple reports were not found for all of the compounds. Some of the reported

entropy values themselves may be erroneous.

Aside from the obvious explanation that the model isn’t exactly correct, the greatest
source of inaccuracy is due to the propagation of errors. The total entropy of melting is
the third in a series of estimated properties and thus the precision of the method is
intrinsically limited by the accuracy with which the other properties, Ty, and ZAHjp y,
are estimated. Since the use of experimental melting points in eq 5.6 does not result in
a significant improvement, but using experimental ZAH,, values does, it may be
concluded that the error is primarily introduced with the ZAH, - model coefficients for
Tm and €. Modeling £ASy with Tn, €, and 7, however, does not lead to an

improvement.

It should also be pointed out that modeling ZAS, . as the ratio of total enthalpy to the

melting temperature:
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ZASy i = ZAHy i (predicted) / Ty, (predicted) 5.7

gives poorer results than the current method, even when 7 is included in the regression.
This is not surprising, though, given that errors propagate more rapidly when estimates

are multiplied or divided.

Although the predictive ability of the total entropy model is unsatisfactory for low
entropy values, it is noteworthy that the model does as well as others which are
currently available for ASy, despite the fact that it is based upon the estimates of two
other properties. This result is due, at least in part, to having modeled the total entropy
of melting, ZASn«, instead of the entropy of only the solid-liquid transition. Figure 5.5
shows that when just the entropy and enthalpy of fusion are compared, there is a
curvilinear relationship. (The 398 compounds represented in the figure are a subset of
the melting point training set for which only AH,, and AS,, data were reported in the
literature. These compounds are presented in APPENDIX D.) This would certainly be
an impediment to the development of an additive model for AS; based upon a
correlation with AHn. Modeling AS, also appears to contribute to the error in Chikos’s

model as curvature in his regression output is also visible.
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398 compounds in APPENDIX D.



146

It is hoped that the relative success of the parameters that have been used and the
approach that has been taken to estimating £ASy,y in this study will contribute to an
understanding of the relationship between entropy and molecular structure and perhaps

serve as a starting point for further study.
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CHAPTER 6. SUMMARY

The methods developed in Chapters 3, 4, and 5 enable the melting point, the total
enthalpy of melting, and the total entropy of melting, respectively, to be estimated
from chemical structure. The melting point is estimated by summing the appropriate
functional group increments and adjusting this value with the geometric descriptor
values according to the structure of the molecule. The geometric attributes that are
determined to be important in melting point estimation include symmetry,
intramolecular hydrogen bonding ability, the number of independent ring systems in
the compound, and the possession of an unsubstituted, cage-like structure. The

functional group increments and geometric descriptors are given in Table 3.2.

The total enthalpy of melting, ZAHy, ¢, is effectively the amount of energy that would
be required to produce all of the solid-solid transitions (if any) and the solid-liquid

transition at the melting temperature. It is calculated from experimental data as:

ZAHp = AHp + Ty - ZASy 3.3)

In addition to the melting point, the square of molecular eccentricity is determined to
be important for the estimation of total melting enthalpies. Eccentricity is defined as
the ratio of the length of a molecule, measured along its longest axis, to the diameter

of a sphere occupying the van der Waals volume of the molecule:
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e= L 4.2)
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Equation 4.3 is used to estimate the total enthalpy from structure:
TAHq = 54.8 Ty, (predicted) + 5890.0¢% —12892.0 4.3)

The total entropy of melting, ZAS,,,, is obtained from experimental data as the

entropy of melting plus the entropy associated with all solid-solid transitions:

ZAsm.u- = ASm + EAS[; (5.1)

The total entropy of melting was found to be highly correlated with the total enthalpy
of melting. The correlation is improved through the use of an additional parameter, tau
(t), which reflects molecular flexibility. Tau represents the number of effective

torsional angles in a molecule and is calculated as:

7 =SP3+05SP2 +05RING -1 5.2)
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where SP3 is the number of sp® chain atoms, SP2 is the number of sp’ chain atoms and
RING is the number of fused ring systems. When a negative value of 1 is calculated, a
value of zero is assigned. The regression generated model relating the total entropy of

melting to the experimental total enthalpy and molecular flexibility is:
ZASpm.r =30.2 +0.00126-ZAHp r + 5.48T (5.3)

In order to estimate the total entropy of melting from structure, eq (4.3) is combined

with eq (5.3) to give:
TAS = 0.07(Ty predicted) + 7.43€> + 5.481 + 13.95 (5.6)

which expresses the total entropy of melting as a function of the melting point, the

square of molecular eccentricity, €2, and molecular flexibility, T.

The method for estimating melting point is the most accurate and widely applicable
additive model that is currently available. The application of the model to a set of 68
complex compounds indicates that, unlike other additive methods, this model can be
used to predict the melting points of compounds with complex structures, such as

drugs or chemicals of environmental interest.
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Methods of estimating ¥AHp,r and ZASy,r were developed, instead of models for
AH,, and AS,,, because for a particular compound, the values of the latter properties
depend upon whether or not the chemical undergoes a solid-solid transition(s). The
current methods are not directly comparable to existing structure-based estimation
methods because the latter have been developed for prediction of AH, and ASy,.
However, the errors associated with estimates of ZAHp,,, and £AS, are either less
than or comparable to the errors reported for these methods. Furthermore, as a result of
having modeled the total enthalpy and entropy of melting, the current methods are free

from systematic errors.

It is expected that the incorporation of the melting point model into the UPPER
scheme of Yalkowsky et al., (1994a,b, 1999) will lead to improvements in the ability
to estimate aqueous solubility and vapor pressure from molecular structure. It is also
hoped that the success of the approach taken, which is novel in its application of
geometric descriptors to the direct estimation of melting point and in its correlation of

melting point with ZAHp r and ZAS, , will result in further studies along these lines.
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Compound Tmn(K) Tn(K) Error
exp. pred.
2-benzoyl-4-chlorobenzoic acid 365 512 -147
benzene-hexa-n-hexanoate 369 514 -145
p-n-octadecyloxybenzoic acid 380 503 -123
quadricyclane 228 350 -122
dithianon 498 619 -121
tetrafluoromethane 90 200 -119
morniflumate 350 464  -115
flavaniline 370 481 -111
ioxynil-octanoate 333 438  -105
2,4,6-trimethylpyridine 229 333 -104
carbonylchloride 145 248 -103
dinoseb 313 414 -101
dibutyl-o-pthalate 238 339 -101
3,4'-biquinolyl 357 457  -100
hexachlorocyclo-1,3-pentadiene 263 362 -99
1,2-dibromo-tetrafluoroethane 161 259 -98
2,4,7-trinitro-9-fluorenone 449 546 -97
dichlorodifluoromethane 115 211 -96
2-cyanobicyclo[2,2,1]heptane(exo) 300 393 -93
3-aminofluoranthene 390 482 92
perchlorocyclopentene 314 406 -92
2,3,7-trinitro-9-fluorenone 454 546 -92
1-aminopyrene 391 482 91
1,3,5-trimethylbenzene 228 318 -90
cholesterylmyristate 347 437 -90
hexachloro-1,3-butadiene 252 341 -89
trifluoroacetonitrile 129 218 -89
1,2-dichloroperfluorocyclopentene 167 256 -89
butralin 334 422 -88
tetrachloroethene 251 338 -87
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Compound Tm(K) Tan(K) Error
exp. pred.
2-benzoylbenzoic acid 401 488 -87
tetrachloromethane 251 338 -87
octafluoropropane 90 177 -87
trichlorofluoromethane 162 249 -87
2,4-dimethyl-8-hydroxyquinoline 338 425 -87
5,6,7 8-tetrahydroquinoline 223 308 -85
4-octyl-4'-cyanobiphenyl 295 379 -84
fluorotrichloromethane 165 249 -84
2,4-dichloro-5-nitropyrimidine 302 385 -83
3,5-dimethylaniline 283 365 -82
2-amino-3,5-dibromopyridine 377 459 -82
aldrin 37 458 -81
2-benzophenonecarboxylic acid 402 483 -81
spiropentane 166 247 -81
4-nitrophenyl-4'-n-octyloxybenzoate 323 403 -80
1-amino-4-bromoanthraquinone 443 523 -80
iminodibenzyl 381 461 -80
1,3,5-trinitrobenzene 380 459 -79
perchloro-1,5-hexadiene 322 401 -19
1,4-dimethylnaphthalene 255 333 -78
4-hydroxyacridine 390 468 -78
1,2-dibromo-1,1-dichloroethane 206 284 -78
1,4-dimethylanthraquinone 414 492 -18
tetranitromethane 287 364 -1
4-bromo-2,6-dinitrophenol 351 428 -17
4,5,6-trinitro-o-cresol 375 452 =17
4-aminoacridine 381 458 17
1,2-dichloro-1,2-difluoroethylene 143 219 -76
4-amino-4'-nitrophenylsulfoxide 405 481 -76
3,5-dibromoaniline 330 406 -76

1-trans-3-dimethylcyclohexane 183

258

-15
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Compound Tmn(K) Tn(K) Error

exp. pred.
2-[3-(trifluoromethylphenyl}amino-3-pyridine 475 550 -15
2-quinolinecarboxamide 406 481 -15
perfluoro-2-butyne 156 231 -75
4-aminodibenzofuran 358 432 -74
2-phenoxybenzoic acid 384 457 -73
hexafluoropropanone 148 220 -72
2,2'4,4',6-pentachlorobiphenyl 307 379 -12
tetrafluoroethene 142 214 -12
2,4,5-trinitrophenol 369 440 -71
1,4-difluoro-octachlorobutane 278 349 -71
chlorotrifluoromethane 115 185 -70
pyrene 425 495 -70
dinitrotoluamide 454 524 -70
3-bromoquinoline 287 357 -70
6-methylquinoline 251 321 -70
nitrofen 344 413 -69
3,6-dibromo-o-cresol 311 380 -69
1,1,2-trichloro-3,3,3-trifluoropropylene 159 228 -69
tetralin 237 306 -69
thiobencarb 276 344 -68
chlordane 377 445 -68
1,3,5-tri-2-naphthyibenzene 472 540 -68
oleic acid 289 356 -67
butyricanhydride 198 265 -67
phenoxanthin 333 400 -67
fenarimol 391 457 -66
quinoxaline 301 367 -66
2-amino-3,5-dichloropyridine 358 424 -66
9-fluorenone-4-carboxylic acid 500 566 -66
3,5-dinitro-o-cresol 359 425 -66

3,4-dinitrobenzoic acid 438

504

-66
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Compound Tn(K) Tn(K) Error
exp. pred.
tert-butylbenzene 215 281 -66
trifluoromethanethiol 116 182 -66
tetrabromoethyiene 330 396 -66
1,2-dibromotetrafluoroethane 163 228 -65
2,4-dichloro-m-cresol 300 365 -65
methylenecyclobutane 139 204 -65
1,1-binaphthalene-2:8',2:8-dioxide 515 580 -65
8-hydroxy-7-methylquinoline 346 411 -65
2-bromo-1-butene 140 204 -64
1,2-dichloro-1,3,3,3-tetrafluoropropylene 136 200 -64
nitro-trichloromethane 209 273 -64
chloropicrin 209 273 -64
azobis(t-butane) 259 323 -64
1,3-dibromobenzene 266 330 -64
cypermethrin 354 418 -64
1,2-benzophenazine 416 480 -64
thiophenol 258 322 -64
1,1'-dinaphthylketone 377 440 -63
2-amino-4-methylquinoline 406 469 -63
4,4'-dihydroxydiphenyl-2,2-propane 433 496 -63
p-diacetylbenzenediethylketal 327 390 -63
2,2',3,4,4',5',6-heptachlorobiphenyl 356 419 -63
8-hydroxy-2-methylquinoline 348 411 -63
benzotrichloride 236 298 -62
iodobenzene 241 303 -62
9-fluorenone-1-carboxylic acid 467 529 -62
4,6'-biquinolyl 395 457 -62
1-iodonaphthalene 277 338 -61
trifluoroacetylfluoride 114 175 -61
8-iodoquinoline 309 370 -61
5-iodo-3-nitrobenzoic acid 440 501 -61
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Compound Tn(K) Tm(K) Error
exp. pred.
1,1-dichloroethene 151 212 -61
permethrin 309 370 -61
bifenox 358 419 -61
5-bromo-2,4-dinitrophenol 365 426 -61
9-fluorenone 357 417 -60
3-aminodibenzofuran 372 432 -60
2,3-dimethyl-2-butene 199 259 -60
cyclopropane i 146 206 -60
3,4,6-tribromo-2-naphthol 401 461 -60
6-bromoquinoline 297 357 -60
3-methyl-1-butanol 156 215 -59
1,2-dinitro-4-bromobenzene 308 367 -59
phenylsulfide(diphenylsulfide) 247 306 -59
2-hydroxy-5-nitrobenzophenone 398 457 -59
deltamethrin 373 431 -58
1-aminoisoquinoline 396 454 -58
4-chloropyridine 231 289 -58
1,5-pentanediol 248 306 -58
4-bromodibenzofuran 340 398 -58
1-ethylcyclopentene 150 208 -58
2-hydroxybenzophenone 312 370 -58
ethylcyclopentane 135 192 -57
5,8-dimethylquinoline 278 335 -57
3-bromo-5-nitrobenzoic acid 433 490 -57
1,1,2-trimethylcyclopropane 135 192 =57
1-aminodibenzofuran 358 415 -57
S-bromoacenaphthene 325 381 -56
3,5-dinitrobenzoic acid 478 534 -56
2,3-dibromophenol 313 369 -56

7,8-benzoquinoline 324

380

-56
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Compound T (K) Tn(K) Error
exp. pred.
toluene 178 234 -56
1-methyl-3-ethylbenzene 178 234 -56
p-fluoroiodobenzene 246 302 -56
2,4-dibromophenol 313 369 -56
1-methylcyclohexene 152 208 -56
5-bromo-2-nitrophenol 317 373 -56
2,4,6-trinitro-n-(methylnitro)-m-toluidine 376 431 -55
4,5-dimethylphenanthrene 349 404 -55
5-iodoacenaphthene 338 393 -55
fluoro-trichloroethylene 164 219 -55
1,2-dibromobenzene 275 330 -55
1,4-dichloroanthraquinone 461 516 -55
2-iododibenzodioxin 370 425 -55
3-chloro-5-nitrobenzoic acid 420 475 -55
1,2,3,4,5-pentahydroxypentane 380 435 -55
propylbenzene 173 227 -54
3,4,5-trinitrotoluene 369 423 -54
1-iodobutane 170 224 -54
1,3-cyclohexadiene 161 215 -54
diethylene glycol 265 319 -54
1,2-diiodobenzene 297 351 -54
4-bromoquinoline 303 357 -54
2-iodo-4-nitrobenzoic acid 420 474 -54
3-bromopentane 147 201 -54
2-benzylbenzoic acid 391 444 -53
2,2',3,4,4',6-hexachlorobiphenyl 346 399 -53
3-benzophenonecarboxylic acid 435 488 -53
9-bromophenanthrene 337 390 -53
warfarin 434 487 -53
1,3,5-trimethyl-2-bromobenzene 272 325 -53

1,1-dimethylcyclopropane 164

217

-53
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Compound Tn(K) Tn(K) Error
exp.  pred.
1-bromonaphthalene 272 325 -53
cyclopentylamine 191 244 -53
2-bromothiophene 205 258 -53
2,4,6-trinitrobenzaldehyde 392 444 -52
nitralin 424 476 -52
1,10-phenanthroline 390 442 -52
butylbenzene 185 237 -52
2,3,4,6-tetranitrophenol 413 465 -52
1,6-dibromo-2-naphthol 379 431 -52
2,4,5-trinitrobenzoic acid 468 520 -52
phenazine 450 502 -52
1-hydroxyphenazine 431 483 -52
4-dibenzofurancarboxylic acid 483 535 -52
fluoranthene 384 436 -52
2,6-dibromophenol 330 381 ]
8-amino-2-methylquinoline 331 382 -51
2-chloro-3,5-dinitrobenzophenone 421 472 -51
2,6-dimethylaniline 284 335 -51
diphenylacetylene 333 384 -51
1,3,5-trinitronaphthalene 395 446 51
trilaurin 320 371 -51
1,4-cyclohexadiene 224 275 -51
perfluoropropane 126 177 -51
2,6-dimethyl-4-nitroaniline 349 400 -51
2-methylbicyclo[2.2.1]heptane(exo) 164 215 -51
1-amino-2-bromoanthraquinone 455 505 -50
8-bromo- | -naphthol 334 384 -50
3-chloro-o-toluidine 274 324 -50
3-phenoxyphenol 315 365 -50
3,3-dimethylhexane 147 197 -50
1-phenazinol 433 483 -50



APPENDIX A - continued

158

Compound Tm(K) Tn(K) Error
exp. pred.
3,5-dinitrochlorobenzene 332 382 -50
7-bromoquinoline 307 357 -50
1-chloro-2,4,6-trinitrobenzene 356 406 -50
butylcyclopentane 165 215 -50
n-butylcyclopentane 165 215 -50
2-carboxylic acid anthraquinone 565 615 -50
2-methylquinoline 271 321 -50
2-bromodibenzodioxin 365 414 -49
2,2',3,4,4'.5-hexachlorobiphenyl 350 399 -49
2-aminoquinoline 405 454 -49
2,7-dimethylanthraquinone 443 492 -49
dichloromethane 178 227 -49
4,6-dibromo-o-cresol 331 380 -49
2-bromo-m-xylene 263 312 -49
2-amino-5-iodopyridine 402 451 -49
ethylcyciobutane 130 179 -49
diethyl-o-phthalate 270 319 -49
3-iodo-p-toluidine 313 362 -49
tridecanedioic acid 388 436 -48
tetradifon 420 468 -48
propyicyclopentane 156 204 -48
1,2,3,4-tetrahydroxybutane 382 430 -48
pentylbenzene 198 246 -48
3,4,5-tribromophenol 402 450 -48
methylcyclopentane 131 179 -48
1-methylcyclopentene 146 194 48
benzoic acid 395 443 -48
3-bromoiodobenzene 264 311 47
1,6-dimethylnaphthalene 256 303 47
2,6-dichloro-p-cresol 313 360 -47
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Compound Tn(K) Tn(K) Error
exp. pred.
1,1,1,2-tetrachloroethane 203 250 -47
2,2-dimethylheptane 160 207 47
3-bromo-p-toluidine 299 346 -47
2,5-dimethylthiophene 211 258 -47
1,2,4-trinitrobenzene 334 381 -47
2-bromophenol 279 326 -47
quinoline 258 305 -47
8-hydroxylquinoline 349 396 47
5-bromo-8-hydroxyquinoline 397 444 -47
2-ethylhexanol 203 250 -47
3,4-diiodoaniline 348 395 -47
2-bromopropylene 148 195 -47
thiolane 177 224 -47
6,8-dibromo-2-hydroxyquinoline 503 549 -46
benzaldehyde 216 262 -46
2,4,4-trimethylhexane 150 196 -46
2,2 4-trimethylhexane 150 196 -46
4-amino-9-fluorenone 418 464 -46
1,3-phenylenediamine 336 382 -46
1,3,6,8-tetranitronaphthalene 480 526 -46
5-chloro-2,4-dinitrophenol 365 411 -46
3,3-dimethylpentane 139 185 -46
2-hydroxy-4-methylbenzophenone 336 382 -46
2,4,6-tribromophenol 369 415 -46
2,4-dimethylaniline 259 305 -46
cis-1,2-dichloroethylene 193 239 -46
cis-2-bromo-2-butene 162 208 -46
norethindrone 479 525 -46
3,5-dichloroaniline 325 371 -46
1-methylnaphthalene 243 288 -45

transdecalin 230 275 -45
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Compound Ta(K) Twn(K) Error
exp. pred.
2,2',3,4,4',5'-hexachlorobiphenyl 354 399 -45
methylcyclobexane 147 192 -45
3-chloroaniline 263 308 -45
1-iodopropane 172 217 -45
cyclopentylmercaptan 155 200 -45
2,2-dimethylhexane 152 197 -45
2,4-dinitrobenzaldehyde 345 390 -45
2-iodobutane 169 214 -45
m-toluidine 243 288 -45
iodoethane 165 210 -45
1,2,4-trichlorodibenzodioxin 402 447 -45
1-amino-4-methylanthraquinone 454 498 -44
3-phenanthronitrile 375 419 -44
4-phenoxybenzaldehyde 298 342 -44
phenylacetylene 228 272 -44
2-iodoquinoline 326 370 44
1,7-dimethylnaphthalene 259 303 -44
fluchloralin 315 359 -44
2,3,6-trimethylbenzoic acid 384 428 -44
pentafluoronitrobenzene 251 295 -44
1-amino-9-fluorenone 393 437 -44
1,3-diiodobenzene 307 351 -44
3-iodoaniline 306 350 44
indan 222 266 -44
1,3-dimethyl-2-iodobenzene 284 328 -44
9-phenanthronitrile 376 419 -43
3,5-dinitrophenol 399 442 -43
9,10-dimethyi-1,2-benzanthracene 396 439 43
2-quinolinecarboxylic acid 430 473 -43
trans-1,2-dimethylcyclohexane 185 228 -43

ethylcyclohexane 161

204

&
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Compound Tm (K) Tn(K) Error
exp. pred.
4,4-dimethyl- 1-pentene 137 180 -43
3-hydroxyflavone 443 486 -43
2,2',4,4'-tetrachlorobiphenyl 315 358 -43
1-propanol 149 192 -43
4,4'-biquinolyl 444 487 -43
cis-1,2-dibromoethylene 220 263 -43
2,4-dinitrophenylether 344 387 -43
l-iodopentane 188 231 -43
1,3-dichlorobenzene 249 292 -43
3-bromoaniline 290 333 -43
8-hydroxy-6-methylquinoline 368 411 -43
4-iodo-m-toluidine 319 362 -43
lI-bromobutane 160 203 -43
4-bromopyridine 274 316 -42
bromobenzene 242 284 -42
2,4,5-tribromophenol 360 402 -42
di-alpha-naphthylamine 388 430 -42
cis-1,4-dimethylcyclohexane 186 228 42
1-hexyne 141 183 -42
9,10-dihydrophenanthrene 307 349 -42
hexylbenzene 212 254 42
3,5-diiodoaniline 383 425 42
2-amino-4,6-dimethylpyrimidine 427 469 -42
1-methyl-2-ethylbenzene 192 234 -42
2,4-diiodophenol 346 388 -42
trans-1,3-dimethylcyclopentane 140 182 -42
4-bromoisoquinoline 315 357 -42
2,2',3,4',5,5'6-heptachlorobiphenyl 3717 419 -42
1,2,4-trimethylbenzene 229 271 42
allylalcohol 144 186 -42

1-bromobutane 161

203

-42
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Compound Tm(K) Tau(K) Error
exp. pred.
2,5-dinitro-9,10-phenanthroquinone 501 542 41
2,2,4,4'-tetranitrophenylsulfide 470 511 -41
2,4,6-trinitro-m-cresol 383 424 41
2,2',3,4,5,5'-hexachlorobiphenyl 358 399 41
1,4,7-trimethylphenanthrene 345 386 41
3,3-dimethyl-1-pentene 139 180 41
perfluoroethane 173 214 4]
hexafluoroethane 173 214 41
1-chloro-1,2,2-trifluoroethylene 116 157 -41
nitrobenzene 279 320 -41
1,2,3-trihydroxypropane 292 333 -41
2-(trifluromethoxy)-2,2-difluoromethylacetate 167 208 41
m-ethylphenol 269 309 -40
cis-5-decene 161 201 -40
2,3,3-trimethylhexane 156 196 -40
5-chloro-2-nitrophenol 314 354 -40
2,6-dimethylquinoxaline 327 367 -40
3,5-dichlorophenol 341 381 -40
2-butynedinitrile 294 334 -40
2,4,6-trichlorodibenzofuran 390 430 -40
n-acetyl-D-leucineamide 404 444 -40
2-methyl-8-nitronaphthalene 309 349 -40
2,2'4,6-tetrachlorobiphenyl 318 358 -40
5-bromo-o-toluidine 306 346 -40
1,8-dichloroanthraquinone 476 516 -40
3,3'-dichlorobiphenyl 302 342 -40
isopropylbenzene 177 217 -40
hexylbutyrate 195 235 -40
2-bromo2-chloro-1,1,1-trifluoroethane 157 197 -40
3,5-dichloro-2-hydroxybenzophenone 389 429 -40
5-bromo-2-nitrobenzoic acid 413 453 -40
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Compound Tn(K) Twn(K) Error
exp. pred.
2,6"-biquinolyl 417 457 -40
1-bromo-3-methylbutane 161 201 -40
5-iodo-o-toluidine 322 362 -40
o-ethylphenol 270 309 -39
2-aminopyridine 331 370 -39
2,3,4,6-tetramethylaniline 297 336 -39
2-amino-7-bromofluorene 422 461 -39
3-iodotoluene 246 285 -39
furalaxyl 343 382 -39
1,2:7,8-dibenzanthracene 471 510 -39
3-iodopropylene 174 213 -39
1,2,4,6,7,9-hexachlorodibenzofuran 454 493 -39
1-iodohexane 198 237 -39
4-iodoaniline 341 380 -39
5-methyl-1-hexyne 148 187 -39
1,2-dinitro-4-chlorobenzene 313 352 -39
2,5,8,1 1-tetraoxadodecane 229 267 -38
2-phenanthronitrile 381 419 -38
ethylbenzene 178 216 -38
methylenecyclohexane 166 204 -38
n-salicylidene-m-aminobenzoic acid 464 502 -38
n-(2-hydroxy-4-methoxybenzylidene)-p-butylaniline 315 353 -38
butylpentanoate 189 227 -38
1-fluoro-2,4,6-trimethylbenzene 236 274 -38
ketene 138 176 -38
3-nitrobenzamide 416 454 -38
2,3',4,6-tetrachlorobiphenyl 320 358 -38
2,4,6-tribromo-m-cresol 357 395 -38
3,6-dimethyl-2,6-octadiene-4-yne 228 266 -38
2-methoxy-2-methylpropane 147 185 -38
1,2,3,5-tetramethylbenzene 249 287 -38
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Compound Tm (K) Twn(K) Error
exp. pred.
11-(2,2-dimethylpropyl)uneicosane 252 290 -38
2,4,5-tribromoaniline 354 392 -38
cycloocta-1,5-diene 204 242 -38
phenyl-2-tolylsulfone 354 392 -38
3methylpentane 110 148 -38
2-chlorodibenzodioxin 362 400 -38
4-bromophenol 336 374 -38
4-methylquinoline 283 321 -38
1-methylisoquinoline 283 321 -38
1-bromo-2-naphthol 357 395 -38
4,6-dinitro-o-cresol 360 398 -38
1,3,6-tribromo-2-naphthol 406 443 -37
3-bromophenol 306 343 -37
5,6-dimethylchrysene 402 439 -37
cyclopentylmethylsulfide 170 207 -37
benzonitrile 260 297 -37
tetracyanoethylene 472 509 -37
1,2,3,4,5,6,7,8-octahydroanthracene 345 382 -37
1,3-dichlorodibenzodioxin 387 424 -37
bicyclo[2.2.1]hepta-2,5-diene 319 356 -37
butylbutyrate 182 219 -37
butylbutanoate 182 219 -37
8-methyl-1,2-benzanthracene 391 428 -37
8-iodo-1-naphthoic acid 438 475 -37
2,5-dimethylpyrrole 281 318 -37
propyicyclohexane 178 215 -37
n-propylcyclohexane 178 215 -37
3-bromo-2-naphthol 358 395 -37
2,4,6-trichlorophenol 338 374 -36
9-methylanthracene 355 391 -36

2-bromoiodobenzene 275

31

-36
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Compound Tm(K) Tn(K) Ermor
exp. pred.
1-phenytheptane 225 261 -36
3-octyne 169 205 -36
4-methylphenanthrene 325 361 -36
1,3-dimethylnaphthalene 267 303 -36
8-amino-6-methylquinoline 346 382 -36
2,2',3,5',-tetrachiorobiphenyl 322 358 -36
trans- 1-methyl-2-propylcyclopentane 168 204 -36
1,2-dichloro-3,3,3-trifluoropropylene 164 200 -36
tetrabromomethane 363 399 -36
I-naphthaldehyde 307 343 -36
dibromomethane 221 257 -36
2-chloropentane 136 172 -36
cyclooctatraene 268 304 -36
heptanoic acid,butylester 206 242 -36
3-pyrenecarboxylic acid 547 583 -36
1,2-dichlorobenzene 256 292 -36
6,8'-biquinolyl 421 457 -36
5-hydroxyquinoxaline 375 411 -36
phenylsalicylate 318 354 -36
2-bromobenzophenone 315 350 -35
1-bromodibenzodioxin 379 414 -35
3,4,5-trichlorophenol 374 409 -35
isobutylcyclohexane 178 213 -35
2,8-dimethylquinoline 300 335 -35
4-methylphenanthrene 326 361 -35
m-methylbromobenzene 233 268 -35
4-chloro-2-methylquinoline 316 351 -35
2,2dimethylpentane 150 185 -35
4-bromodibenzothiophene 357 392 -35
5-bromo-m-toluidine 311 346 -35
3-methylbenzonitrile 250 285 -35
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Compound Tm (K) Tn(K) Error
exp. pred.
4,4'-dichlorodiphenylsulphone 422 457 -35
2-bromoquinoline 322 357 -35
2,4 4-trimethyl-2-pentene 167 202 -35
cis-3-octene 147 182 -35
4-methyldiphenylmethane 243 278 -35
1,6-heptadiyne 188 223 -35
1-chloronaphthalene 271 305 -34
4-octyne 171 205 -34
2,3,4-tribromophenol 368 402 -34
3-bromopropylene 154 188 -34
5-bromo-2-naphthol 378 412 -34
l-cyclopentylpentane 190 224 -34
propylbutyrate 176 210 -34
4-aminodiphenylmethane 308 342 -34
profluralin 308 342 -34
4-fluoroaniline 272 306 -34
1,3,5-trichloro-2-nitrobenzene 344 378 -34
1,3,5-trichlorobenzene 336 370 -34
2,2',3,4,4',5,5'-heptachlorobiphenyl 385 419 -34
2-nitroanthraquinone 458 492 -34
3-phenoxybenzoic acid 423 457 -34
2,2',3-trichlorobiphenyl 302 335 -33
9-fluorenone-1-carboximide 503 536 -33
3-nitrobenzoic acid 413 446 -33
2,3,5-triiodophenol 387 420 -33
4-chlorophenol 316 349 -33
nonanedioic acid 380 413 -33
4-chlorophenylisulfone 371 404 -33
1-methyl-4-isopropylbenzene 200 233 -33
7-bromo-1-naphthol 379 412 -33
1,2-dimethylanthraquinone 429 462 -33
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Compound Tn(K) Tn(K) Error
exp. pred.
benzothiazole 276 309 -33
4,4'-dichloro-2,2'-dinitrophenylsulfide 423 456 -33
2-chloro-4-nitrobenzoic acid 414 447 -33
trans-3-heptene 137 170 -33
1-chloro-2-naphthol 34 377 -33
2,3-dimethyl-1-butene 116 149 -33
6,6'-biquinolyl 454 487 -33
2-chloro-1-naphthoic acid 426 459 -33
2,2',4,4'-tetranitrodiphenylamine 474 507 -33
dimethyl-o-phthalate 274 307 -33
3-bromo-2-nitrophenol 340 373 -33
ethirimol 433 466 -33
cyclopentene 138 171 -33
4-methylcyclohexene 158 191 -33
3-methylcyclohexene 158 191 -33
6-chloroquinoxaline 337 370 -33
2,2',4,4'-tetranitrobiphenyl 438 470 -32
7-chloroquinoline 305 337 -32
1-cyclopentylhexane 200 232 -32
3-amino-9-fluorenone 432 464 -32
2,5-dibromotoluene 279 311 -32
2-amino-5-methylbenzophenone 339 371 -32
2,4,6-tribromotoluene 343 375 -32
3,3'-dimethylbiphenyl 282 314 -32
2-methylcyclopentanone 198 230 -32
2-aminophenylsulfone 396 428 -32
2-aminodibenzothiophene 396 428 -32
1,2,2,3-tetrabromobutane 271 303 -32
2,3-pentadiene 148 180 -32
2,4-dimethylbenzaldehyde 264 296 -32
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Compound Tm(K) Tm(K) Error
exp. pred.
furfuralalcohol 254 286 -32
2-aminopyrimidine 401 433 -32
10,11-benzofluoranthene 439 471 -32
4-aminobenzoic acid 461 493 -32
1,2:3,4-dibenzanthracene 478 510 -32
9,10-dihydro-1,2-benzanthracene 385 417 -32
aniline 267 299 -32
1,2,3-trichloro-S-nitrobenzene 346 378 -32
5-bromoquinoline 325 357 -32
n-methylcarbazole 363 395 -32
dibutylsuccinate 244 276 -32
isopropylcyclopentane 162 194 -32
methylphenylamine 218 250 -32
1-bromopropylene(cis) 160 191 -31
trichloromethylbromide 268 299 -31
1,2:6,7-dibenzo-9-fluorenone 487 518 -31
3-chlorobromobenzene 252 283 -31
1,2-dimethylnaphthalene 272 303 -31
1,3,5-trifluoro-2,4,6-trichlorobenzene 335 366 -31
1-phenyloctane 237 268 -31
1,2,3,6,7,8-hexahydropyrene 407 438 -31
2,5-dibromoaniline 327 358 -31
2-iodo-p-toluidine 313 344 31
1,2-diiodoethylene 259 290 -31
1,3-dibromopropane 239 270 -31
2-aminodibenzofuran 401 432 -31
1-bromohexane 188 219 -31
butyronitrile 161 192 -31
2-bromobutane 161 192 -31
8-quinolinecarboxylic acid 460 491 -31

2,3,5-trichlorophenol 331

362

-31
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Compound Tn(K) Twn(K) Error
exp. pred.
benzoic acid-o-naphthylester 329 360 -31
carboxin 365 396 -31
6-methyl-5-heptene-2-one 206 237 -31
1,7-dibromoheptane 231 262 -31
3-methylquinoline 290 321 -31
2-chlorothiophene 201 231 -30
2,6,8-trimethylquinoline 319 349 -30
1,1-diphenyldodecane 281 311 -30
1,2,6-trimethylnaphthalene 287 317 -30
2-methylpyridine 206 236 -30
cis-1,3-dimethylcyclohexane 198 228 -30
1-chloro-2-methylanthraquinone 444 474 -30
ethane 90 120 -30
octylbutyrate 218 248 -30
1,2'-dinaphthyiketone 410 440 -30
3,4-benzofluoranthene 441 471 -30
2-methylpyrimidine 269 299 -30
1-bromopropane 163 193 -30
1,4,6-tribromo-2-naphthol 431 461 -30
1,3,4,7,8-pentachlorodibenzofuran 443 473 -30
furfural 235 265 -30
n-pentylalcohol 196 226 -30
bromochlorofluoromethane 158 188 -30
o-toluidine 258 288 -30
2-bromo-p-toluidine 299 329 -30
3,5-dibromotoluene 312 342 -30
4-chloroquinoline 308 337 -29
2,2,5-trimethylhexane 167 196 -29
tecnazene 3n 401 -29
2-methylpyridine 207 236 -29

dibenzofuran 355

384

-29
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Compound Tn(K) Tw(K) Ermor
exp. pred.
1-hydroxyanthraquinone 468 497 -29
difluoromethyliodine 151 180 -29
8-chloro-5-methylquinoline 322 351 -29
heptanoic acid,hexylester 225 254 -29
2-chloro-9-(3-dimethylamino-propylidene)-10-thioxane 371 400 -29
2,2,4,4.6-pentamethylheptane 206 235 -29
1,3,5,8-tetranitronaphthalene 467 496 -29
4-bromo-2-chlorophenol 324 353 -29
2,2'4,5,5'-pentachlorobiphenyl 350 379 -29
2-iodo-m-toluidine 315 344 -29
chlorobenzene 228 257 -29
1-butene 88 117 -29
trans-1,2-dibromocyciohexane 269 298 -29
4-methyl-1,2-benzanthracene 399 428 -29
2-methyl-1-propanol 171 200 -29
4,_-dinitro-1-naphthoic acid 540 569 -29
1-pentene 108 137 -29
2-methylpentane 119 148 -29
p-difluorobenzene 260 289 -29
1,3-dicyanopropane 244 273 -29
sec-butylbenzene 198 227 -29
2,2',3,3',4,4',6-heptachlorobiphenyl 390 419 -29
5-methylquinoline 292 321 -29
1-dibenzofurancarboxylic acid 506 535 -29
3-methyi-1-butanethiol 140 168 -28
2-bromobiphenyl 274 302 -28
1-amino-4-bromo-2-methylanthraquinone 505 533 -28
2-amino-9-fluorenone 436 464 -28
1-nitro-2,3,5,6-tetrachlorobenzene 373 401 -28
6-bromo-m-cresol 311 339 -28
2-nitro-p-cresol 310 338 -28
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Compound Tn(K) Tw(K) Error
exp. pred.
p-bromofluorobenzene 257 285 -28
2,4,6-tribromobiphenyl 339 367 -28
1,2,2,3-tetrachlorobutane 225 253 -28
1,2,3,4-tetrachlorobenzene 320 348 -28
1-bromo-1-butene 173 201 -28
1,2,3-tribromo-5-nitrobenzene 385 413 -28
dodecanedioic acid 403 431 -28
dibutylether 178 206 -28
1,3-dimethylbenzene 225 253 -28
1,2-diamino-2-methylpropane 256 284 -28
2,3,5-trimethylbenzoic acid 400 428 -28
ethylbutyrate 172 200 -28
2,3-dimethyl-2-pentene 155 183 -28
1,2-difluoro-2,2-dichloroethane 163 191 -28
1,2:5,6-dibenzofluorene 448 476 -28
2-bromo-3,5-dinitrobenzoic acid 486 514 -28
1-chloroanthraquinone 435 463 -28
3-bromo-p-cresol 329 357 -28
cis-4-octene 154 182 -28
cis-3-methyl-2-pentene 135 163 -28
2-methyl-1-propanethiol 128 156 -28
1,2'-dinaphthylmethane 370 398 -28
ethyleneimine 195 223 -28
3-bromo-5-chlorophenol 343 37 -28
phenylaminoethylmethacrylate 298 326 -28
4-bromophenylether 292 320 -28
trans-1,3,5-trimethylcyclohexane 166 193 -27
octachlorodibenzofuran 533 560 -27
aceticanhydride 199 226 27
2,3,5-trichlorobenzaldehyde 329 356 =27
trichloroethene 189 216 =27
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Compound T (K) Twn(K) Error
exp. pred.
2,2-difluoropropane 168 195 27
1,4-dichlorobutadiyne 275 302 =27
trifluralin 322 349 =27
pentylbutyrate 200 227 =27
amylbutanoate 200 227 =27
acridine 383 410 =27
bromoethane 155 182 -27
2-chloro-6-methylbenzoic acid 375 402 =27
2-methyl-4-nitronaphthalene 322 349 -27
1,2-dibromobutane 208 235 -27
n-valeric acid 239 266 =27
2,6-dimethylphenol 319 346 -27
2,3,4,6-tetrachlorophenol 343 370 =27
3-fluorotoluene 184 211 -27
4-chloro-3-nitrotoluene 280 307 =27
1,3-dimethylanthraquinone 435 462 -27
methacrylic acid 288 315 =27
5-bromo-m-cresoi 330 357 =27
2-iodophenol 316 343 =27
1,2,3,4,6,8,9-heptachlorodibenzofuran 485 512 -27
2-methyl-3-hexyne 156 183 -27
1,4-dimethylbenzene 286 313 =27
di-n-propylether 158 185 =27
2,4-diiodo-5-nitroaniline 398 425 =27
2,6-dinitrodiphenylamine 381 408 =27
bromomethane 180 207 =27
p-n-hexyloxybenzylideneamino-p'-benzonitrile 334 360 -26
2-chloroquinoline 311 337 -26
1-chloroisoquinoline 311 337 -26
1-butanol 184 210 -26
2-chloro-p-toluidine 280 306 -26
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Compound Tn(K) Tn(K) Error
exp. pred.
butylbenzoate 251 277 -26
2,4,8-trimethylquinoline 323 349 -26
9-chloroanthracene 379 405 -26
2-chlorobutane(l) 133 159 -26
2,2',3,5,5',6-hexachlorobiphenyl 373 399 -26
2-bromobenzaldehyde 295 321 -26
2,3,4,6-tetrabromophenol 387 413 -26
pentanoic acid 240 266 -26
1-nitropropane 165 191 -26
2-methyl-5-nitroquinoline 355 381 -26
1,2:4,5-dibenzopyrene 507 533 -26
2,3-dihydrobenzofuran 252 278 -26
2,3,4-tribromotoluene 319 345 -26
1-bromopentane 185 211 -26
1-bromopentane 185 211 -26
trans-1,2-diethylcyclopentane 178 204 -26
2,2'4,4'-tetramethylbiphenyl 314 340 -26
n-butylcyclohexane 198 224 -26
4,4'-dichlorophenylether 303 329 -26
1,4-phenylenediamine 416 442 -26
1,1,2,3,3-pentafluoro-1,2,3-trichloropropane 201 227 -26
2,3-dichloroaniline 297 323 -26
perfluoropropylene 117 143 -26
heptylbutyrate 216 242 -26
4-vinyl-1-cyclohexene 172 198 -26
2,6-dibromobenzoic acid 424 450 -26
benzylalcohol 258 284 -26
2,4-dinitrochlorobenzene 326 352 -26
ethyl-n-propylether 146 172 -26
pentacene 544 569 25

1,2-dichloronaphthalene 308

333

-25
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Compound T (K) T, (K) Error
exp. pred.
5-decyne 200 225 -25
2,4-dichloroquinoline 340 365 -25
ethylisovalerate 174 199 -25
trans-4,4-dimethyl-2-pentene 158 183 -25
1,2-dimethyl-3,4-dinitrobenzene 355 380 -25
2,3,4,6-tetrachlorodibenzofuran 427 452 -25
1,4-dichloro-2-iodobenzene 296 321 -25
4,4'-dipyridyl 385 410 -25
2,2,3-trimethylpentane 161 186 -25
pentylheptanoate 223 248 -25
1,4-dichiorobenzene 326 351 -25
1,3-diflorobenzene 204 229 -25
2,2',3'4,5-pentachlorobiphenyl 354 379 -25
2-hydroxy-5-methylbenzophenone 357 382 -25
hexaflorobenzene 278 303 -25
2,4-dibromo-1,3,5-trimethylbenzene 339 364 -25
5-chloro-o-toluidine 299 324 -25
3-chloro-p-toluidine 299 324 -25
2-methylbenzonitrile 260 285 -25
propylheptanoate 210 235 -25
1,3-dibromo-2-nitrobenzene 357 382 -25
1-naphthoic acid 434 459 -25
3,4-dinitrophenylether 362 387 -25
trans-3-methyl-2-pentene 138 163 -25
2-methyl-2-pentene 138 163 -25
2,4,6-trimethylbenzaldehyde 287 312 -25
8-aminoquinoline 343 368 -25
2,6-dimethylbenzoic acid 389 414 -25
2,3-dimethyl-1-pentene 138 163 25
1,3,7-trichlorodibenzodioxin 422 447 -25

3,5-dibromo-o-cresol 373

397

-24
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Compound Tm(K) Tn(K) Error
exp. pred.
3,3,4-trimethylhexane 172 196 -24
2,4,6-trichlorobenzaldehyde 332 356 24
iodomethane 207 231 -24
2,7-dichlorofluorene 401 425 24
2,2',3,3',4,5-hexachlorobiphenyl 375 399 -24
3-bromo-2-nitrotoluene 301 325 -24
3-aminodibenzothiophene 404 428 -24
ethylbenzoate 238 262 -24
cis-2-hexene 132 156 24
2,8-dibromodibenzodioxin 423 447 24
4-fluorotoluene 217 241 24
1,4-dinitro-2-bromobenzene 343 367 -24
2,3,4-trinitrotoluene 369 393 -24
2,3-dibromobenzoic acid 423 447 -24
butyl2-methylpropenoate 197 221 -24
2-methyl-1,5-hexadiene 144 168 -24
2,3,4-tribromonitrobenzene 359 383 -24
2-amino-5-bromopyridine 410 434 24
cis-2,3-dimethyl-cis-1,3-butadiene 197 221 -24
furan 188 212 -24
2-methylthiolane 172 196 24
pyrrole 250 274 -24
2,4,6-trichlorotoluene 311 335 -24
1-bromo-2-chloroethylene 186 210 24
1,1,2,3,4,4-hexachloro-2-butene(liquid) 254 278 24
2,3,3-trimethyl-1-butene 163 187 24
2,7"-biquinolyl 433 457 -24
2-methyi-2-butanethiol 169 193 -24
2-iodopropane 183 207 -24
2,3-butanedione 271 295 24
3-methyl-1,2-butadiene 160 183 -23
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Compound Tn(K) Twm(K) Error
exp. pred.
1,2-dinitro-1,1,2,2-tetrafluoroethane 232 255 -23
4-iodophenol 367 390 -23
cyclohexylbromide 217 240 -23
3-hydroxybenzothiophene 344 367 -23
3,4,5-tribromobenzoic acid 513 536 -23
1,1-dichloro-1-fluoroethane 170 193 -23
8-quinolinecarbonitrile 357 380 -23
2-chlorobromobenzene 260 283 -23
3-methylphenanthrene 338 361 -23
o-methylbromobenzene 245 268 -23
chlorocyclopentane 180 203 -23
3-chloro-4-methylquinoline 328 351 -23
mesulphen 396 419 -23
triphenylene 471 494 -23
2,3,5-trinitrotoluene 370 393 -23
2,4,6-trinitrotoluene 370 393 -23
2,3,6-trinitrotoluene 370 393 -23
6-iodo-m-toluidine 321 344 -23
1,2,2,3-tetrachioro-1,1,3,3-tetrafluoropropane 230 253 -23
4-methyloctane 160 183 -23
3-aminodiphenylmethane 319 342 -23
thianthrene 432 455 -23
1-methyl-4-ethylbenzene 211 234 -23
2-butanol 177 200 -23
2-methylfuran 182 205 -23
1,2,3,4,6,9-hexachlorodibenzofuran 470 493 -23
4-bromoaniline 340 363 -23
1,2,3,4-tetrachloro-1,3-butadiene 269 292 -23
sec-butylmercaptan 133 156 -23
1,4-dichloronaphthalene 341 364 -23

1,2,3-trimethylbenzene 248

27

-23
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Compound Tm (K) Tw(K) Error
exp. pred.
2-bromopentane 178 201 -23
2-bromo-4-nitrobenzoic acid 440 463 -23
trans-1,4-dimethylcyclohexane 236 258 22
2,2-dimethyl-3-ethylpentane 174 196 -22
2-methyl-1-pentene 137 159 -22
3,4-dichloroquinoline 343 365 -22
1,2-dichloro-2-fluoropropane 181 203 -22
2,2'4,4',5,5'-hexachlorobiphenyl 377 399 -22
3-methyl-1-pentene 120 142 -22
4-methyl-1-pentene 120 142 -22
pentanal 182 204 -22
2,2'-dimethylbiphenyl 292 314 -22
methoxycyclopropane 154 176 -22
methyl-n-propylether 134 156 -22
propanil 365 387 22
4-chloro-2-nitrobenzoic acid 415 437 22
4-chloro-3-nitrobenzaldehyde 338 360 -22
pyrrolidine 215 237 -22
6-bromo- 1-methyl-2-naphthol 402 424 22
1,2,3,4-tetramethylbenzene 265 287 -22
1,2,3,4,8-pentachlorodibenzofuran 451 473 -22
tetrahydrofuran 165 187 -22
transhexahydroindan 214 236 -22
heptanoic acid 266 288 -22
2-methylpropene 132 154 -22
1-chlorodibenzodioxin 378 400 22
1,3-dihydroxybenzene 383 405 -22
3,4-dibromoaniline 354 376 -22
2,3',5-trichlorobiphenyl 314 335 21
1,3-dichloro-5-iodobenzene 330 351 -21
3,4-dimethyl-5-nitroaniline 348 369 221
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Compound Tn(K) Twn(K) Error
exp. pred.
cyclohexylmercaptan 190 211 -21
1,2,3,5-tetrabromobenzene 373 394 21
1,2,3,5-tetrachlorobenzene 327 348 =21
cis-3-hexene 135 156 =21
3-methyl-1-butene 105 126 -21
pentanochlor 359 380 221
3,3-dimethyl-2,4-pentanedione 292 313 =21
cyclopentadiene 177 198 21
2,2',4,6,6'-pentachlorobiphenyl 358 379 21
iso-propylcyclohexane 183 204 -21
tert-butylmethylether 164 185 -21
pimelic acid 378 399 -21
4-chloro-o-toluidine 303 324 =21
2,3,5-triiodoaniline 389 410 221
4-methylphenol 308 329 -21
2,6-dinitrophenol 336 357 =21
S-nitroquinoline 347 368 21
2,4-dimethyl-2-pentene 145 166 221
2,4,5-trichlorophenol 341 362 221
1-iodooctane 227 248 -21
1,3-dinitro-2-chlorobenzene 361 382 221
4-methylheptane 152 173 -21
4-aminobenzonitrile 359 380 -21
2,3,6-trinitrophenol 392 413 =21
5-chloroacenaphthene 344 365 =21
methoxychlor 360 381 =21
nonadecanoic acid 341 362 -21
3-nitrofluorene 379 400 -21
3-methyldecane 180 200 -20
2-chloropropylene 136 156 -20
1,1'-dinaphthylsulfide 383 403 =20
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Compound Tn(K) Tn(K) Error
exp. pred.
ethylheptanoate 207 227 -20
3-bromo-4-nitrobenzoic acid 470 490 -20
2,2, 4trimethytlpentane 166 186 -20
1-cyclopentylheptane 220 240 -20
2,2',4,4'-tetranitrophenylmethane 454 474 -20
2,4'-dichlorobenzophenone 340 360 -20
2,4-dichloro-6-methylpyrimidine 320 340 -20
2,4,4',6-tetrachlorobiphenyl 338 358 -20
dichloromethylfluoride 138 158 -20
1-chlorobutane 150 170 -20
2,5-dimethylaniline 285 305 -20
1,2,3,7-tetrachlorodibenzodioxin 448 468 -20
diethylaminoethylmethacrylate 208 228 -20
1-phenyl-1-cyclohexyldodecane 276 296 -20
n-butylaniline 259 2719 -20
I-hexene 133 153 -20
1,2,3,4-tetramethylbenzene 267 287 -20
1,2,4,6,7-pentachlorodibenzofuran 453 473 -20
4-bromo-o-cresol 337 357 -20
4-bromo-m-cresol 337 357 -20
heptanoic acid,heptylester 240 260 -20
1,2-propanediol 213 233 -20
3-methylheptane 153 173 -20
1-nitro-2-naphthol 377 397 -20
1,2-dibromo-4-nitrobenzene 332 352 -20
4-chloro-3-nitrobenzoic acid 455 475 -20
4-hydroxy-4'-nitrobenzophenone 465 485 -20
|-amino-2-methylanthraquinone 479 498 -19
S-chloroquinoline 318 337 -19
6-chloroquinoline 318 337 -19

2,4,4trimethyl-1-pentene 179

198

-19
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Compound T (K) T (K) Error
exp. pred.
4 4'-dibromophenylether 334 353 -19
1,3-dinitroanthraquinone 523 542 -19
dipentylether 204 223 -19
2,3,3'4,4',6-hexachlorobiphenyl 380 399 -19
2-amino-5-bromopyrimidine 516 535 -19
1,1,1,3-tetrachloropropane 238 257 -19
2-chloro-4-methylquinoline 332 351 -19
1,4-dihydroxybenzene 445 464 -19
ethylpropylsulfide 156 175 -19
ethyl-n-propylsulfide 156 175 -19
1,2,3,4,7-pentachlorodibenzodioxin 469 488 -19
2,4-dinitrobromobenzene 348 367 -19
tert-butylethylether 179 198 -19
2,2'4,5-tetrachlorobiphenyl 339 358 -19
2,2' 4’ S-tetrachlorobiphenyl 339 358 -19
pentylpropionate 200 219 -19
nonanoic acid 286 305 -19
phenyl-m-tolylsulfide 267 286 -19
2-chloro-6-(trichloromethyl)pyridine 337 356 -19
isopentane 113 132 -19
6,8-dimethyl-2-hydroxyquinoline 475 494 -19
1,2-dichloro-1, 1-difluoroethane 172 191 -19
2-chloroaniline 272 291 -19
2-chlorophenol 283 302 -19
1,4,5-trinitronaphthalene 427 446 -19
trans-3-octene 163 182 -19
m-methyichlorobenzene(3-chlorotoluene) 225 244 -19
2,4,6-trinitrophenol 394 413 -19
2,3-dimethylquinoxaline 379 398 -19
1,2,4,5-tetrafluorobenzene 2717 296 -19
2,3 4-trichloronitrobenzene 329 348 -19
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Compound Tm (K) Tn(K) Error
exp. pred.
1-nitrodibenzofuran 394 412 -18
1,6-heptadiene 144 162 -18
2,2',5-trichlorobiphenyl 318 335 -17
undecanoic acid 302 319 -17
2-ethyl-1-butene 142 159 -17
l-iodoheptane 225 242 -17
3,4,5-trichlorobenzoic acid 483 500 -17
4-chloro-2-phenylquinazoline 399 416 -17
1,2,3-trimethylnaphthalene 300 317 -17
2-chlorobutane 142 159 -17
1,5-dibromopentane 234 251 -17
2,3-dimethyl-1,4-dinitrobenzene 363 380 -17
2,3,5-triiodotoluene 346 363 -17
4-bromo-3-nitrotoluene 308 325 -17
eicosanoic acid 348 365 -17
S-nitroacenaphthene 377 394 -17
1,2-pentadiene 136 153 -17
1,3-dinitro-2-bromobenzene 380 397 -17
di-ethyldisulfide 172 189 -17
trichloromethane 210 227 -17
2-chloro-8-methylquinoline 334 351 -17
4-methylnonane 175 192 -17
cyclohexene 170 187 -17
2-aminobenzoic acid 418 435 -17
2,4,5-trinitrotoluene 376 393 -17
2,5-dibromobenzoic acid 430 47 -17
3-amino-4-methylbenzophenone 382 399 -17
2,2'5,5"-tetramethylbiphenyl 323 340 -17
2 4-dichlorotoluene 259 276 -17
3-methyloctane 166 183 -17
tridecanoic acid 315 332 -17
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Compound Tm (K) Tm(K) Error
exp. pred.
2,3,6-trichlorobenzoic acid 398 415 -17
2-mercaptonaphthaiene 354 371 -17
9-methyl-1,2-benzanthracene 411 428 -17
pronamide 427 444 -17
2,2-dichlorobutane 199 216 -17
3,4,5-trichlorotoluene 318 335 -17
pentadecanoic acid 326 343 -17
2,3,5-trimethylhexane 145 162 -17
4-nitro-1-naphthoic acid 499 516 -17
L-chloro-2,4,5-trinitrobenzene 389 406 -17
pentachloroethane 244 261 -17
4-bromo-2-nitrobenzoic acid 436 453 -17
2,4-dibromo- 1-nitrobenzene 335 352 -17
2,4,5-trichloronitrobenzene 331 348 -17
4-bromo-2,3-dichloroaniline 351 368 -17
pentylcyclohexane 216 232 -16
cis-2-butene 134 150 -16
thiacyclopentane 177 193 -16
benzoic acid 396 412 -16
2,5-dinitrobenzoic acid 450 466 -16
3-methylbenzoic acid 382 398 -16
4-thiaheptane 170 186 -16
2-hexenetrans 140 156 -16
2,3-dibromodibenzodioxin 431 447 -16
dinitramine 372 388 -16
6-bromo-2,4-dinitrophenol 392 408 -16
2,6-dimethylbiphenyl 268 284 -16
1,3-benzodiazine 321 337 -16
2,2',3,4-tetrachlorobiphenyl 342 358 -16
2,2',3,4'-tetrachlorobiphenyl 342 358 -16
isobutylsulfide 168 184 -16
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Compound Tm(K) Tn(K) Error
exp. pred.
1,1-dichloro-1,2,2,2-tetrafluoroethane 179 195 -16
12-dichloro-1,1,2,2-tetrafluoroethane 179 195 -16
2-(bromomethyl)-1,2,3-tribromopropane 298 314 -16
trans-1,2-dichloroethylene 223 239 -16
1,1-dinitropropane 231 247 -16
4,4-dimethyl-2-pentyne 191 207 -16
1,2,3,4,7,8,9-heptachlorodibenzofuran 496 512 -16
3-bromobenzamide 428 444 -16
1-fluoronaphthalene 260 276 -16
2,5-dichlorobiphenyl 296 312 -16
di-(o-naphthyl)-methane 382 398 -16
9-nitroanthracene 419 435 -16
2,2',3,3',4,5,6-heptachlorobiphenyl 403 419 -16
sebacic acid 404 420 -16
dibutylamine 211 227 -16
4'-propylbiphenyl-4-carbonitrile 339 355 -16
1,5-hexadiene 132 148 -16
isobutyric acid 227 243 -16
ethylbutylether 170 185 -15
pentachlorobenzene 357 372 -15
9-nitrophenanthrene 389 404 -15
p-chlorofluorobenzene 246 261 -15
4-hydroxybenzothiophene 352 367 -15
2,3-dimethylheptane 157 172 -15
3-bromo-4-nitrotoluene 310 325 -15
dipropylsulfide 171 186 -15
2,5-diiodoaniline 362 377 -15
2,3,6-trichlorophenol : 329 344 -15
isobutylacetate 174 189 -15
1-octyne 194 209 -15

4-jodo-3-nitrobenzoic acid 486

501

-15
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Compound Tn(K) Tw(K) Error
exp. pred.
cis-1-chloropropylene 138 153 -15
2-methyl-5-nitronaphthalene 334 349 -15
cis-decalin 230 245 -15
8-methyl-5-nitroquinoline 366 381 -15
1,3,5-tribromo-2-nitrobenzene 398 413 -15
2-methyl-2-aminopropane 206 221 -15
3-amino-4'-methylbenzophenone 384 399 -15
2,4,5-tribromonitrobenzene 368 383 -15
3-bromobenzonitrile 312 327 -15
2-chloro-9-fluorenone 399 414 -15
1-iodo-3-nitrobenzene 312 327 -15
bromochloromethane 187 202 -15
1-bromooctane 218 233 -15
propyzamide 429 444 -15
2,3,3,4-tetramethylpentane 171 186 -15
2-aminofluorene 405 420 -15
propadiene 137 152 -15
3-methyl-3-ethylpentane 182 197 -15
1-bromoanthraquinone 461 476 -15
2-bromodibenzofuran 383 398 -15
o-hydroxybiphenyl 331 346 -15
8-hydroxy-5-methylquinoline 396 411 -15
3-chlorobenzamide 409 423 -14
acetone 177 191 -14
2,4-dichloro- 1-nitrobenzene 307 321 -14
2,4-dimethyl-3-nitroaniline 355 369 -14
2,6-dimethyl-3-nitroaniline 355 369 -14
2,2',3,3',5,6-hexachlorobiphenyl 385 399 -14
1,4-dimethyi-2,3-dinitrobenzene 366 380 -14
I-chlorohexane 179 193 -14
2,4,6,7-tetrachlorodibenzofuran 438 452 -14
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Compound Tm(K) Ty (K) Error
exp. pred.
n-heptylcyclohexane 233 247 -14
3,5-dimethylbenzaldehyde 282 296 -14
n-methylpyrrole 217 231 -14
2,3,3-trimethylpentane 172 186 -14
2-bromo-6-nitrophenol 341 355 -14
octylheptanoate 251 265 -14
4-amino-3-methylbenzophenone 385 399 -14
octadecanoic acid 343 357 -14
9,10-dibromoanthracene 499 513 -14
heptadecane-9-octyl 259 273 -14
1,2-dichloro-1,1,2,2-tetrafluoroethane 181 195 -14
10-methyl-1,2-benzanthracene 414 428 -14
propane 85 99 -14
2,3,5,6-tetrabromotoluene 390 404 -14
2,6-dinitrophenylether 373 387 -14
4,4-dimethyl- 1-pentyne 197 211 -14
5,8-diiodo-6-hydroxyquinoline 464 478 -14
2,4-dichlorobiphenyl 298 312 -14
3,5-dichlorobenzoic acid 461 475 -14
trans-4-methyl-2-pentene 132 146 -14
2,2,4 4-tetramethylpentane 207 221 -14
pyridine 232 246 -14
trichloroacetic acid 322 336 -14
2,4-dimethyl-1-pentene 149 163 -14
2-amino-5-chlorobenzophenone 371 385 -14
butylmethylether 158 172 -14
methyl-n-propylether 158 172 -14
3-benzylbenzoic acid 431 444 -13
4-benzylbenzoic acid 431 444 -13

perfluorocyclobutene 213 226 -13
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Compound Thn(K) Twm(K) Error
exp.  pred.
3,7-dinitrodibenzothiophenedioxide 548 561 -13
cst.-perhydrophenanthrene 273 286 -13
2,2'4,4',6,6'-hexachlorobiphenyl 386 399 -13
2-quinolinecarbonitrile 367 380 -13
2-nitrobenzaldehyde 317 330 -13
4-bromo-3-nitrobenzoic acid 477 490 -13
vinylchloride 119 132 -13
4-bromo-3,5-dichloroaniline 402 415 -13
pyridazine 265 278 -13
2-fluoroaniline 245 258 -13
8-bromo- 1-naphthoic acid 451 464 -13
5,6-benzoquinoline 367 380 -13
4-bromo-o-toluidine 333 346 -13
2-chlorobenzaldehyde 286 299 -13
1,1,2-tribromoethane 244 257 -13
indino-2',3":2,3-fluorene 489 502 -13
1,1-dibromoethane 210 223 -13
n-hexylalcohol 226 239 -13
2-aminobiphenyl 322 335 -13
3,5-dimethyl-2-nitroaniline 329 342 -13
1,4-diethylbenzene 231 244 -13
1,3-dichloro-5-nitrobenzene 339 352 -13
1-heptene 154 167 -13
4,4'-dibutanoyloxydiphenyldiacetylene 416 429 -13
decanoic acid 300 313 -13
2,3,6-trichlorobiphenyi 323 335 -12
1,1-dimethylcyclopentane 204 216 -12
3,4-dichlorobenzaldehyde 317 329 -12
2-nitrophenanthrene 392 404 -12
2,4,7-trimethylquinoline 337 349 -12

2,2',3,3',6,6"-hexachlorobiphenyl 387

399

-12
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Compound Tm(K) Tn(K) Error
exp. pred.
ethyleneoxide 161 173 -12
phenolphthalein 534 546 -12
bicyclo[3.3.0]octane 243 255 -12
7-bromo-2-hydroxyquinoline 501 513 -12
2,3,5,6-tetrachlorophenol 388 400 -12
2-methyl-1-butanol 203 215 -12
butylsulfide 193 205 -12
3-chlorophenol 307 319 -12
9-chloroacridine 395 407 -12
4-methylbenzonitrile 303 315 -12
2,2'3,5',6-pentachlorobiphenyl 367 379 -12
1-nitro-2,3,5-trimethylbenzene 293 305 -12
6-bromo-2-naphthol 400 412 -12
3-methyl-2-butanethiol 146 158 -12
1,5-dibromo-2,4-dimethylbenzene 341 353 -12
2,6-dinitro-p-cresol 358 370 -12
2,7-dichloroanthraquinone 504 516 -12
hexadecanoic acid 336 348 -12
2,4,6-trichloroaniline 352 364 -12
1,5-dichloropentane 200 212 -12
butanal 177 189 -12
9-hexylheptadecane 254 266 -12
2,3,5-tribromobenzoic acid 467 479 -12
2,3-dimethylaniline 276 288 -12
1,6-dichloronaphthalene 322 333 -11
2 4-dinitrobenzoic acid 455 466 -11
pentafluorobenzene 226 237 -11
triallate 303 314 -11
1,2-dibromopropane 218 229 -11
1,2,3,7-tetrachlorodibenzofuran 41 452 -11
2,3-epoxypropionaldehyde 211 222 -11
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Compound Tn(K) Tn(K) Error
exp. pred.
decylmethacrylate 251 262 -11
11,12-benzofluoranthene 490 501 -11
|-methyl-8-nitronaphthalene 338 349 -11
4-chloro-2,3-dinitrophenol 400 411 -11
1,1,1,2,2,3,3-heptachloropropane 303 314 -11
2,3,6-tribromotoluene 334 345 -11
2-bromoaniline 304 315 -11
2,5-dinitrotoluene 326 337 -11
4-chlorodiphenylmethane 281 292 -11
methylisobutylketone 188 199 -11
4-bromo-1-naphthol 401 412 -11
3-chloropropylene 139 150 -11
flavone 373 384 -11
glutaric acid 371 382 -11
4-chloro-o-cresol 324 335 -11
1,2,4-tribromobutane 255 266 -11
perylene 550 561 -11
3,3',5,5'-tetrachlorobiphenyl 437 448 -11
2,4-dimethyl-3-ethylpentane 151 162 -11
2,3 ,4-trichlorophenol 351 362 -11
octylpropionate 231 242 -11
2,4-dichlorophenol 323 334 -11
pyrazine 327 338 -11
nitrobenzene 279 290 -11
2,2',3,3',4,4',5-heptachlorobiphenyl 408 419 -11
tetradecanoic acid 327 338 -11
2-bromo-4,6-dichloroaniline 357 368 -11
2,3,7-trichlorodibenzodioxin 436 447 -11
n-propylacetate 178 188 -10
2-iodonaphthalene 328 338 -10
2methyl-1,3-butadiene 127 137 -10
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Compound Tn(K) Twn(K) Eror
exp. pred.
2,4,6-trimethylquinoline 339 349 -10
1,6-dinitroanthraquinone 532 542 -10
1,2,5-trimethylnaphthalene : 307 317 -10
2,7-dibromodibenzodioxin 467 477 -10
2-bromo-6-nitrotoluene 315 325 -10
1-heptanol 240 250 -10
pentachlorobenzoic acid 481 491 -10
1,2,3,4-tetrachlorodibenzofuran 442 452 -10
3,4-dichlorophenol 341 351 -10
dibenzothiophene 371 381 -10
1,2-dihydroxybenzene 377 387 -10
1,2,3-trinitrobenzene 401 411 -10
2,4,6-tribromobenzoic acid 471 481 -10
1-bromo-2-naphthoic acid 464 474 -10
2,3,4,6,7,8-hexachlorodibenzofuran 513 523 -10
isochroman 278 288 -10
3-chloro-4-nitrotoluene 297 307 -10
o-hydroxyacetanilide 365 375 -10
octylmethacrylate 230 240 -10
1-cyclopentylnonane 244 254 -10
3-aminobenzoic acid 453 463 -10
2,6-dibromoaniline 361 371 -10
2,4'-dinitrophenylether 377 387 -10
3,3-bipyridyl 341 351 -10
2-dibenzofurancarboxylic acid 525 535 -10
6-bromo-m-toluidine 319 329 -10
3.4,5-triiodoaniline 448 458 -10
2,4,5-tribromobenzoic acid 469 479 -10
5-iodo-m-toluidine 352 362 -10
2,4,6-tribromoaniline 395 404 9

2.4,6,8-tetrachlorodibenzofuran 473 482 -9
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Compound Tn(K) Twm(K) Error
exp. pred.
1-chloro-2-nitronaphthalene 354 363 9
2,3,6-triiodotoluene 354 363 9
2,2-dicyanopropane 307 316 -9
ethanol 159 168 9
6-nitro-m-cresol 329 338 -9
3-hexyne 170 179 -9
1-bromoheptane 217 226 9
3,5-dimethylphenol 337 346 9
dimethylether 135 144 9
2,3-dimethylanthraquinone 483 492 9
1,2,4,7,8-pentachlorodibenzodioxin 479 488 9
butadienedioxide 277 286 9
6-bromo- 1-naphthol 403 412 9
2-amino-4,6-dichloropyrimidine 495 504 -9
5-chloro-2-nitrotoluene 298 307 9
n-decylcyclopentane 251 260 9
dodecanoic acid 317 326 9
1-chloro-1,1,3,3,3,-pentafluroropropane 165 174 9
2-chloro-5-nitrobenzoic acid 438 447 -9
S-chloro-7-iodo-8-hydroxyquinoline 452 461 9
9-octyleicosane 274 283 9
2-octanol 241 250 9
n,n"-di-n-hexyldipamide 432 441 -9
bicyclo[2.2.1]-2-heptene 319 328 -9
S-amino-2-methylquinoline 391 400 9
1,2-dimethyl-4-bromobenzene 273 282 9
cis-2-octene 173 182 9
4-bromo-1-naphthoic acid 493 502 9
2methylheptane 164 173 9
4,4'-ditolylsulfoxide 367 376 9

2,4-dimethyl-1-nitrobenzene 282

291

9
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Compound Tm (K) Tn(K) Error
exp. pred.
1,6-dichloroanthraquinone 477 486 -9
cis-2,5-cycloctadiene 203 212 9
7-methylquinoline 312 321 -9
2,3,5,6-tetrachloroaniline 381 390 -9
2-bromo-35-nitrobenzoic acid 454 463 -9
naphthalene 354 362 -8
3,3-dimethyl-1-butene 158 166 -8
1-chloropentane 174 182 -8
1,2-dichloropropane 173 181 -8
butylethylsulfide 178 186 -8
2,4-diiodoaniline 369 377 -8
n-butylmercaptan 158 166 -8
1,4-diiodobenzene 402 410 -8
thiacyclobutane 200 208 -8
3-hydroxybenzophenone 389 397 -8
dibenzothiophene 373 381 -8
hexafluoro-1,3-butadiene 141 149 -8
2,4,6-trichlorobenzoic acid 437 445 -8
2,3,4,4',5-pentachlorobiphenyl 371 379 -8
chlorodifluoromethane 115 123 -8
3-chlorobenzaldehyde 291 299 -8
isobutylvinylether 161 169 -8
3-bromobenzoic acid 428 436 -8
phenyisulfone 402 410 -8
4-phenoxyphenol 357 365 -8
dihexylether 230 238 -8
9,10-dimethylanthracene 456 464 -8
tribromomethane 281 289 -8
4-bromo-2-nitrophenol 365 373 -8

trans-2-chloro-2-butene 167

175
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Compound Tm (K) Tn(K) Error
exp. pred.
1,2-diaminopropane 237 245 -8
2,3,4-tribromobenzoic acid 471 479 -8
dibenzodioxin 396 404 -8
2-methyl-2-butene 139 147 -8
1-octene 171 178 -7
perfluoro-2-butene 144 151 -7
5,6-dichloroquinoline 358 365 -1
pentafluorochlorobenzene 258 265 -7
2,2',3,3',4,4' 5,5 -octachlorobiphenyl 430 437 -1
2-bromo-5-chlorobenzoic acid 426 433 -7
methylpentylsulfide 179 186 -7
trifluoromethane 113 120 -7
2-methyl-1-butene 136 143 -7
6-chloro-4-methylquinoline 344 351 -7
S-thianonane 198 205 -1
1,2,3,4-tetrahydroanthracene 373 380 -7
diiodomethane 279 286 -7
phenylsulfoxide(diphenylsulfoxide) 344 351 -7
3,5-dichlorotoluene 299 306 -7
phenoxazine(dibenzoxazine) 429 436 -7
2,3-dichlorodibenzofuran 400 407 -7
rubicene 579 586 -7
3-methylhexane 154 161 -7
3-ethylpentane 154 161 -7
ethylisopropenylketone 204 211 -7
hexylethanoate 212 219 -7
nonylacrylate 237 244 -7
trans-2-pentene 133 140 -7
2,3,4,5,6-pentafluorotoluene 244 251 -7
cis-1,3,5-trimethylcyclohexane 223 230 -1
4-aminophenylsulfone 449 456 -7
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Compound Tn(K) Tn(K) Ermor
exp. pred.
2-chlorobenzophenone 329 336 -7
1-amino-3-bromoanthraquinone 516 523 -7
pentachloronitrobenzene 417 424 -7
octanoic acid 290 297 -7
8,8"-biquinolyl 480 487 -7
3,3"-difluorobiphenyl 281 288 -7
3-chlorodibenzofuran 375 382 -7
2-bromo-9-fluorenone 422 429 -7
2-chlorotoluene 237 244 -7
cis-4-methyl-2-pentene 139 146 -7
acrylic acid 286 293 -7
2,3-biquinolyl 450 457 -7
2,3,5-trichlorobenzoic acid 436 443 -7
2-nitrotoluene 269 276 -7
4-iodotoluene 309 315 -6
diphenyloxide 300 306 -6
2,6-dichlorophenol 340 346 -6
7.8-dichloroquinoline 359 365 -6
2,5,6-trimethylquinoline 343 349 -6
1,3-dimethyl-2,5-dinitrobenzene 374 380 -6
2,2',3,4,6-pentachlorobipheny! 373 379 -6
6-iodoquinoline 364 370 -6
2,3,4,7-tetrachlorodibenzofuran 446 452 -6
3-chloro-2-methylquinoline 345 351 -6
2-methylhexane 155 161 -6
2-amino-5-nitrobenzophenone 435 44] -6
7-bromo-2-naphthol 406 412 -6
1,4-pentadiene 125 131 -6
trans-2-heptene 164 170 -6
norethindrone acetate 480 486 -6
3-chloro-p-cresol 329 335 -6
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Compound Tn(K) T (K) Error
: exp. pred.
1-methyl-7-isopropylphenanthrene 369 375 -6
2-chlorodibenzofuran 376 382 -6
4-methyl-2-pentyne 163 169 -6
1,3-dichloro-2-nitrobenzene 346 352 -6
3-methyl-2-cyclohexene-1-one 252 258 -6
3-methyl-2-butanone 180 186 -6
1-chloropropane 150 156 -6
tert-butylcyclohexane 232 237 -5
1,2-dichloro-4-nitrobenzene 316 321 -5
perfluorobutane 145 150 -5
2-nitrobiphenyl 310 315 -5
4-bromo-2-nitrotoluene 320 325 -5
1-bromo-3-chloropropane 214 219 -5
cis-1,2-dimethylcyclohexane 223 228 -5
pentachloropyridine 399 404 -5
2-nitrophenol 318 323 -5
cyclopentanone 222 227 -5
1-methyl-4-nitronaphthalene 344 349 -5
3,4-dinitrophenol 407 412 -5
1-heptyne 192 197 -5
S-methylnonane 187 192 -5
1,3,6,8-tetrachlorodibenzodioxin 493 498 -5
1,2-dimethylbenzene 248 253 -5
1,2,3,4-tetrafluorobenzene 231 236 -5
2,3,4-trichloroaniline 346 351 -5
o-anthraquinoline 443 448 -5
1,2,3,4-tetrachlorodibenzodioxin 463 468 -5
isoquinoline 300 305 -5
6-methyl-1,2-benzanthracene 423 428 -5

1,2,3,4,6-pentachlorodibenzofuran 468

473
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Compound Tm (K) Tm(K) Error
exp. pred.
isobutylisobutyrate 193 198 -5
3,3-dimethyl-1-butyne 192 197 -5
3-bromodibenzofuran 393 398 -5
4-hydroxybenzonitrile 386 391 -5
2,2'-bipyridyl 346 351 -5
1,3-dimethyl-2-nitrobenzene 286 291 -5
triazine 354 359 -5
methylisopropylketone 181 186 -5
4-methyl-1-pentyne 168 173 -5
isobutylbenzene 222 227 -5
ethene 103 108 -5
2,4, 4'-trichlorobiphenyl 331 335 4
quintozene 419 423 4
2,6-dichloro-4-nitrophenol 400 404 -4
3-bromo-6-chlorobenzoic acid 429 433 -4
9,10-dichloroanthracene 485 489 4
2,2,3-tribromobutane 275 279 -4
ethylisobutyrate 185 189 -4
phenanthrene 374 378 4
2-methyl-3-ethylpentane 158 162 -4
1,2,3-tribromobenzene 361 365 4
3-methylthiolane 192 196 4
2,4'-dinitrobiphenyl 366 370 4
1,3,4,6,7-pentachlorodibenzofuran 469 473 -4
8-chloro-1-naphthoic acid 445 449 -4
3-chloropentane 168 172 4
5-bromo-o-cresol 353 357 -4
2,4-dinitro-1,3,5-trimethylbenzene 359 363 -4
ethylcyanoacetate 247 251 -4
2,3-dichlorophenol 330 334 4
octafluorotoluene 208 212 -4
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Compound

Tm(K) Tm(K) Error
exp. pred.

cat.-perhydrophenanthrene
methylethylether
4-bromo-2,5-dichloroaniline
2,5-dinitrophenol
3-hydroxybenzonitrile

propene

6-chloro-m-toluidine
4-chloro-1-naphthoic acid
1-chloro-4-nitronaphthalene
tat.-perhydrophenanthrene
4-cyanoquinoline
1,3,5-cycloheptatriene
phthalazine

5-nitro-2-naphthol
1-methylanthracene
2,4,8-trichlorodibenzofuran
chloroethane

3-methylnonane
1,2-diflorobenzene
2,3-dinitrotoluene
1,3,6,8-tetramethylnaphthalene
3-nitro-p-toluidine

biphenyl
1,2,3,4-tetraflorobenzene
2-methyl-4-aminobenzonitrile
4,7-dimethyl-2-hydroxyquinoline
propylpropionate
1,2,4,7,9-pentachlorodibenzofuran
2,3,4,7.8-pentachlorodibenzofuran

propyne

313 317 4
134 138 4
364 368 4
381 385 -4
357 361 -4

88 91 -3
303 306 -3
483 486 -3
360 363 -3
283 286 -3
377 380 -3
194 197 -3
364 367 -3
421 424 -3
358 361 -3
427 430 -3
135 138 -3
189 192 -3
226 229 -3
334 337 -3
358 361 -3
352 355 -3
343 346 -3
233 236 -3
363 366 -3
491 494 -3
197 200 -3
470 473 -3
470 473 -3
172 175 -3
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Compound Tm (K) Tn(K) Error
exp. pred.
4-aminophenylsulfoxide 425 428 -3
methylperflurobutanoate 191 194 -3
8-nitroquinoline 365 368 -3
2',3,4-trichlorobiphenyl 333 336 -3
1-nitronaphthalene 333 336 -3
I-chloro-3-methylbutane 169 172 -3
1,2,3,4,7,9-hexachlorodibenzofuran 490 493 -3
1,3-dibromo-S-nitrobenzene 379 382 -3
3,4-dimethyl-2-nitroaniline 339 342 -3
2,5-dichlorophenol 331 334 -3
1-hexanal 215 218 -3
trans-4-octene 179 182 -3
1,3-dichloroanthraquinone 483 486 -3
5-methyl-2-hexyne 180 183 -3
2,6-dichlorobiphenyl 309 312 -3
4,6-diiodo-3-nitroaniline 422 425 -3
2,4,6-triiodotoluene 391 394 -3
1,2-dibromo-1,2-dichloroethane 247 250 -3
2-hydroxypropanoic acid 290 293 -3
bullvalene 366 368 -2
2,3,6-triiodoaniline 390 392 -2
4,5 8-trimethylquinoline 347 349 2
2,3,4,5-tetrachiorobenzaldehyde 379 381 2
2,2',3,3',5,5',6,6'-octachlorobiphenyl 435 437 2
2,6-dimethylheptane 170 172 -2
2-amino-4'-methyibenzophenone 369 371 2
3-aminoisoquinoline 452 454 2
2,6-dimethylquinoline 333 335 2
methylpropylsulfide 160 162 2
2-thiapentane 160 162 -2

2,6-dichlorobenzoic acid 417

419
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Compound T (K) Tn(K) Error
exp. pred.
trifluoromethane 118 120 -2
1,3,6,7-tetrachlorodibenzofuran 450 452 -2
2,3,4,8-tetrachlorodibenzofuran 450 452 2
7-chloro-2-methylquinoline 349 351 2
trans-decalin 243 245 2
cis-1,3-pentadiene 132 134 -2
2,2'-dinaphthylketone 438 440 -2
heptanoic acid methylester 217 219 2
S-aminoquinoline 383 385 -2
5-bromo-1-naphthol 410 412 -2
1,2,4,6,8,9-hexachlorodibenzofuran 521 523 -2
1,2,3,4-tetraiodobenzene 409 411 -2
S-nitro-m-cresol 364 366 -2
2-methyl-1-heptene 183 185 -2
2,4,5-trimethylbenzoic acid 426 428 2
1,1,1-trifluoro-3,3-dichloropropane 182 184 -2
2,3,5-triiodonitrobenzene 397 399 2
2-dibenzothiophenecarboxylic acid 528 530 -2
1,2,3,4,6,7,8-heptachlorodibenzofuran 510 512 2
methylal ' 168 170 2
2-hydroxypyridine 380 382 2
1,8-dichloronaphthalene 362 364 -2
1,2,4-trichlorobenzene 290 292 2
2,4,5-trichlorobenzoic acid 441 443 2
2,3-dichloroquinoxaline 426 428 -2
4,6-dichloro-m-cresol 346 348 2
cyclobutane 182 184 2
trans-5-decene 200 201 -1
4,4'-dichloro-2,2'-dinitrobiphenyl 413 414 -1
1,3,7,9-tetrachlorodibenzofuran 481 482 -1
2-methylthiophene 208 209 -1
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Compound T (K) Tn(K) Error
exp. pred.
2,4-dichloromesitylene 332 333 -1
dichloromethylbromide 216 217 -1
2,7-dimethylquinoline 334 335 -1
3,5-dinitrotoluene 366 367 -1
4-n-pentanoyl-4-n'-ethanoyloxyazobenzene 387 388 -1
1,3,6,8-tetrachlorodibenzofuran 451 452 -1
o-chlorofluorobenzene 230 231 -1
1,2,3-tribromobutane 254 255 -1
1,3-dichloro-2-bromobenzene 338 339 -1
3,3-dimethyl-2-butanone 222 223 -1
2,4.6-triiodophenol 432 433 -1
2',3,4,5,5'-pentachlorobiphenyl 378 379 -1
1,4-dichloro-2-bromobenzene 308 309 -1
1-bromodecane 244 245 -1
1-cyclohexyloctane 253 254 -1
1,4,6,7-tetrachloronaphthalene 412 413 -1
4-methylaniline 317 318 -1
5-nitro-1-naphthoic acid 515 516 -1
hexanal 217 218 -1
n-propylamine 188 189 -1
tribromomethylchloride 328 329 -1
2-nitropropane 180 181 -1
2,3,3-trimethyl-1-butene 163 164 -1
2,3-dinitrochlorobenzene 351 352 -1
1-iododecane 257 258 -1
methylbutyrate 188 188 0
2-methyl-1-octene 195 195 0
2,2',3,3'4,5,5',6,6'-nonachlorobiphenyl 455 455 0
triacetin 275 275 0
benzene 278 278 0
2-pentanone 196 196 0
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Compound Ta(K) Ty (K) Error
exp. pred.
methyl-n-propylketone 196 196 0
1-methyl-6-nitronaphthalene 349 349 0
pentylisocyanide 222 222 0
1,2-dimethyl-3,5-dinitrobenzene 350 350 0
butylmethylsulfide 175 175 0
2-thiahexane 175 175 0
1,8-nonadiyne 246 246 0
3,3-dimethyl-2-butanone 223 223 0
isopropylamine 178 178 0
2,8-dichlorodibenzodioxin 424 424 0
2,4-dibromobenzoic acid 447 447 0
phenanthridine 380 380 0
1-fluoropropane 114 114 0
4-n-pentanoyl-4-n'-propanoyloxyazobenzene 392 392 0
4,4'-diphenylmethanediisocyanate 314 314 0
2-fluorotoluene 211 211 0
l-iodo-2-nitrobenzene 327 327 0
1,3,7,8-tetrachlorodibenzodioxin 468 468 0
2,4,6-trimethylbenzoic acid 428 428 0
n-butylacetate 200 200 0
2,5-dichloroaniline 323 323 0
2-bromofluorene 386 386 0
2-amino-5-chloropyridine 410 410 0
1,4-dimethyl-2-bromobenzene 282 282 0
2,5-dimethylpyrazine 288 288 0
3,3'-dibromobenzophenone 414 414 0
2-amino-3-bromo-9-fluorenone 487 487 0
4-nitrodibenzofuran 412 412 0
n-pentane 143 143 0
2,4,6-trichlorobiphenyl 336 335 1
margaronitrile 307 306 1
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Compound T (K) Ty (K) Error
exp. pred.
4-nitrophenylether 334 333 1
4,7-dichloroquinoline 366 365 1
3-quinolinecarbonitrile 381 380 1
heptanal 230 229 1
1,4-butanediol 294 293 1
1,2-dihydroxyethane 261 260 1
acenaphthylene 365 364 1
3-nitrobenzaldehyde 331 330 |
trans-cyclooctene 214 213 1
1-butyne 147 146 1
diethylether 157 156 1
2-bromo-p-cresol 330 329 l
tri-tert-butylmethanol 390 389 1
1-fluoro-4-nitrobenzene 294 293 1
1,2:7,8-dibenzofluorene 507 506 1
n,n-dimethyl-1,3-propanediamine 194 193 1
1-chloroheptane 204 203 1
n-acetyl-l-alanineamide 431 430 1
dichloroacetic acid 287 286 1
methylchloromethylether 170 169 1
4,4'-dinitrodiphenylether 418 417 1
3-methyl-1,2-benzanthracene 429 428 1
2-bromofluorene 387 386 1
2,2-dimethylbutane 173 172 1
2,2-dimethylbutane 173 172 1
1,2,4,5-tetrabromobenzene 455 454 1
dipentylsulfide 222 221 1
2-methylpropane(isobutane) 114 113 1
fenfuram 383 382 1
cis-hexahydroindan 237 236 1
1,7-dichioroanthraquinone 487 486 1
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Compound Tn(K) Tn(K) Error
exp. pred.
chloropentafluoroethane 167 166 1
3,3-dimethyl-2-thiabutane 190 189 1
2,3,4,5-tetrachlorobenzoic acid 468 467 1
butylvinylether 181 180 !
1,1,1-trifluoroethane 162 161 1
1,1, 1-trifluoroethane 162 161 |
2-bromo-3-nitrobenzoic acid 464 463 1
2-naphthamide 468 466 2
1,3-dichloronaphthalene 335 333 2
dichlorodibromomethane 311 309 2
2,5-dichlorobenzaldehyde 331 329 2
2,3,3',4,4',5-hexachlorobiphenyl 401 399 2
6-chloro-m-cresol 319 317 2
2,3,4-triiodotoluene 365 363 2
2-bromopropane 184 182 2
1,4,6,7-tetrachlorodibenzofuran 454 452 2
9-methylphenanthrene 363 361 2
triphenylbenzene 446 444 2
2,6-dinitrotoluene 339 337 2
4-phenoxyaniline 356 354 2
2-iodoaniline 334 332 2
2,6-dichloro-m-cresol 332 330 2
p-chloroiodobenzene 330 328 2
6-aminoquinoline 387 385 2
2-bromobenzonitrile 329 327 2
triethylamino 158 156 2
2,5-dichlorotoluene 278 276 2
3-methyl-4-aminobenzonitrile 368 366 2
3-chloro-2-methylbenzoic acid 432 430 2
1-fluoro-2-nitrobenzene 265 263 2
2,3,4,6,7-pentachlorodibenzofuran 475 473 2
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Compound Tan(K) Tn(K) Eror
exp. pred.
3,4-dinitrodiphenylmethane 377 375 2
1,2,4,6,7,8-hexachlorodibenzofuran 495 493 2
2,3-dibromo-1,4,5-trimethylbenzene 336 334 2
2-bromoanthraquinone 478 476 2
7-amino-2-methylquinoline 402 400 2
1-decanol 280 278 2
2-propanethiol 143 141 2
4-jodo-2-nitrobenzoic acid 466 464 2
phenyl-o-tolylmethane 280 278 2
2-methylbiphenyl 273 271 2
3,4,5-triiodotoluene 396 394 2
2,3,4,5-tetrachlorophenol 390 388 2
1,7-dichloronaphthalene 336 333 3
1,8-dimethyinaphthalene 336 333 3
2-hydroxy-4-methylpyridine 403 400 3
1,6-dibromodibenzodioxin 480 477 3
4-iodoquinoline 373 370 3
I-hexanethiol 193 190 3
3-bromo-4-nitrophenol 403 400 3
9,10-dihydroanthracene 382 379 3
3,4'-dimethylbiphenyl 287 284 3
allylcyanide 189 186 3
vinylacetate 173 170 3
2,3',4,4'.5-pentachlorobiphenyl 382 379 3
3-nitrobenzophenone 368 365 3
2,2',5,5'-tetrachlorobiphenyl 361 358 3
phenetole 243 240 3
methanithiol 150 147 3
phenyl-p-tolylsulfide 289 286 3
diiodomethylfluoride 239 236 3
4-nitro-o-cresol 369 366 3
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Compound Tn(K) Ty (K) Error
exp. pred.
o-bromonitrobenzene 316 313 3
1-nonene 192 189 3
l-nonyne 223 220 3
3-bromodibenzothiophenedioxide 498 495 3
2-amino-3-chloro-9-fluorenone 476 473 3
2,6-dimethylpyrazine 321 318 3
1-chlorooctane 215 212 3
3-chlorobiphenyl 289 286 3
trans-2-octene 185 182 3
2,2-dichloropropane 239 236 3
3,5-dinitroaniline 435 432 3
2,2',3,4,5,5'6-heptachlorobiphenyl 422 419 3
2,7-dinitro-9,10-phenanthroquinone 576 573 3
8-hydroxy-4-methylquinoline 414 411 3
4-jodo-o-toluidine 365 362 3
2,4-dinitrophenol 388 385 3
2,3,5-triiodobenzoic acid 498 495 4
3-bromobenzophenone 354 350 4
2,4dimethylpentane 154 150 4
6-bromo-2-nitroaniline 348 344 4
p-methylbromobenzene 302 298 4
2,3,6-trichlorobenzaldehyde 360 356 4
acenaphthene 369 365 4
5-bromo-2-nitrotoluene 329 325 4
2-propanol 185 181 4
2,3,6-trichloronaphthalene 363 359 4
trans-3-hexene 160 156 4
1,1,1-trichloro-3,3,3,-trifluroropropane 233 229 4
3,4'-dimethylbiphenyl 288 284 4
4-nitrophenol 385 381 4
phenol 314 310 4
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propyleneoxide 161 157 4
2-chloro-6-nitrotoluene 311 307 4
4-chloro-2-nitrotoluene 311 307 4
2-chloro-2-methylbutane 200 196 4
cyclohexanone 245 241 4
9-anthrone 428 424 4
2-bromo-4-nitrophenol 387 383 4
o-naphthol 368 364 4
2-bromonaphthalene 329 325 4
1,2,3-trichlorobenzene 326 322 4
trans-1,2-dibromoethylene 267 263 4
octafluorocyclobutane 233 229 4
4-hydroxydiphenylmethane 357 353 4
cis-1,3-cycloctadiene 216 212 4
2,4',5-trichlorobiphenyl 340 335 5
1,1,3-trichloropropane 214 209 5
1,8-dimethyinaphthalene 338 333 5
2-chloro-3-nitronaphthalene 368 363 5
1-chloro-8-nitronaphthalene 368 363 5
4-chloroaniline 343 338 5
1,2,3-triiodobenzene 389 384 5
butylacrylate 210 205 5
3-bromo-2-chlorobenzoic acid 438 433 5
3,4-dichloroaniline 345 340 5
S-iodoquinoline 375 370 5
4-chloro-3-nitroaniline 376 371 5
6-nitro-o-cresol 343 338 5
2-hexyne 184 179 5
1-eicosanol 339 334 5
butyloxtadecanoate 300 295 5
2-methyl-1-nitronaphthalene 354 349 5
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Compound Tn(K) T (K) Error
exp. pred.
1-methyl-3-nitronaphthalene 354 349 5
dodecanol 297 292 5
chloroethylmethacrylate 235 230 5
2,6-diiodoaniline 395 390 5
difluoromethyichloride 127 122 5
phthalicannydride 404 399 5
S-methylpyrimidine 304 299 5
acetaldehyde 150 145 5
dipropylamino 210 205 5
5-methyl-1,2-benzanthracene 433 428 5
1,2,4,6,8-pentachlorodibenzofuran 478 473 5
4-fluorobenzonitrile 308 303 5
4-chloro-m-cresol 340 335 5
1,2,4,5-tetrachlorobenzene 413 408 5
1,2,4,5-tetrachlorobenzene 413 408 5
2,2-dinitrophenylether 392 387 5
1,2,4,6,7,9-hexachlorodibenzodioxin 513 508 5
5,7-diiodo-8-hydroxyquinoline 483 478 5
n-decacyclohexane 271 266 5
6-chloro-2-nitroaniline 349 344 5
neopentane 257 252 5
1-octadecanol 331 326 5
4-bromobenzophenone 356 350 6
1,2,4,5-tetramethylbenzene 352 346 6
5,8-dichloroquinoline n 365 6
mesityloxide 220 214 6
2,3,5,6-tetrachlorotoluene 366 360 6
1,2-difluoro-1-chloroethane 142 136 6
1,2,7,9-tetrachlorodibenzofuran 458 452 6
4,4'-dibromophenylsulfoxide 427 421 6
1-methyl-5-nitronaphthalene 355 349 6
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Compound Tm(K) Tn(K) Error
exp. pred.
9-fluorenone-3-carboxylic acid 572 566 6
2-bromo-4-nitroaniline 378 372 6
1-fluoropentane 153 147 6
2,2',3,4,5-pentachlorobiphenyl 385 379 6
2,2',3,4,5'-pentachlorobiphenyl 385 379 6
2-methylanthraquinone 456 450 6
3-bromo-2,6-dinitrophenol 404 398 6
trans-1,2-dichlorocyclohexane 267 261 6
4-chlorotoluene 280 274 6
2-methylthiazole 248 242 6
1-heptadecanol 327 321 6
trans-1,3-dibromocyclohexane 274 268 6
3-bromo-6-hydroxypyridine 451 445 6
5-bromo-2-hydroxypyridine 451 445 6
2,6-dinitrobenzaldehyde 396 390 6
n-p-ethoxybenzylidene-p'-butylaniline 306 300 6
2-methylphenol 305 299 6
1,1-dichloroethane 176 170 6
5,7-dibromo-8-hydroxyquinoline 469 463 6
4-cyanobenzoic acid 495 489 6
methylbutylketone 216 210 6
1,2-dibromo-3-nitrobenzene 358 352 6
3,7"-biquinolyl 463 457 6
3,5-dimethyl-4-nitroaniline 406 400 6
1,6-diiodohexane 283 277 6
1-methyl-2-naphthol 385 379 6
1-hexadecanol 322 316 7
2,3 4'-trichlorobiphenyl 342 335 7
butanone 187 180 7
ethylvinylether 157 150 7
2,3,4,5-tetramethylaniline 343 336 7
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Compound Tw(K) Tn(K) Error
exp. pred.
2,3-dimethylquinoline 342 335 7
2-octyne 212 205 7
diethylsulfide 169 162 7
3,3'-dichlorobenzophenone 397 390 7
1-pentadecanol 317 310 7
2-methyinonane 199 192 7
cyclopentane 180 173 7
2,3-dinitrobromobenzene 374 367 7
1-fluorobutane 139 132 7
2-bromodibenzothiophene 399 392 7
2,3,4,5-tetrachlorobiphenyl 365 358 7
2',3,4,5-tetrachlorobiphenyl 365 358 7
4-methyl-3'-nitrobenzophenone 384 377 7
1,2,3,6,7-pentachlorodibenzofuran 480 473 7
1,2,3,4,7,8-hexachlorodibenzofuran 500 493 7
1,3-dicyclohexylpropane 256 249 7
2,4-dimethyl-6-nitroaniline 349 342 7
2,4'-dichlorobiphenyl 319 312 7
1,4-dibromo-2-nitrobenzene 359 352 7
4-methyl-7-diethylaminocoumarin 344 337 7
methylbenzoate 261 254 7
acetylacetone 255 248 7
3-methylbiphenyl 278 271 7
1,4-dichloro-2-nitrobenzene 329 321 8
1,2-dimethyl-4-chlorobenzene 267 259 8
4-chloro-2-nitrophenol 362 354 8
2,3,4-trichlorobenzaldehyde 364 356 8
3,4,5-trichlorobenzaldehyde 364 356 8
1-decyne 237 229 8
2-hydroxyquinoline 473 465 8
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exp. pred.
pentafluorochloroethane 174 166 8
3-chloro-6-methylquinoline 359 351 8
2,4-dinitrotoluene 345 337 8
2,3-dimethylbutane 145 137 8
4-bromo-m-toluidine 354 346 8
3-coumarincarboxylic acid 463 455 8
1,4-dimethyl-2,3,5-trinitrobenzene 413 405 8
propionitrile 180 172 8
1,2,3,4,6,7-hexachlorodibenzofuran 501 493 8
2-chloro-2,4,4-trimethylpentane 247 239 8
diiodomethylchloride 269 261 8
4,4'-dipropanoyloxydiphenyldiacetylene 430 422 8
3-hexanone 218 210 8
2-hexanone 218 210 8
fluorobenzene 231 223 8
octanal 248 240 8
p-ethylphenol 318 309 9
1-bromododecane 264 255 9
3,5-dichlorobenzaldehyde 338 329 9
2-chloro-1-nitronaphthalene 372 363 9
methylalcohol 175 166 9
3-chlorobenzonitrile 313 304 9
I-propanethiol 160 151 9
cycloheptanol 280 271 9
4,4'-dibromophenylisulfide 388 379 9
1-decene 207 198 9
6-methyl-5-nitroquinoline 390 381 9
p-benzoquinone 386 377 9
4,5-dichloro-o-cresol 374 365 9
2-chloro-1,1,1-trifluoroethane 168 159 9
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Compound T (K) Twn(K) Error
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1,2-phenylenediamine 374 365 9
pentamethylphenol 401 392 9
piperidine 262 253 9
1,5-dichloroanthraquinone 525 516 9
1,5-diiodopentane 282 273 9
phenyl-4-tolylsulfone 401 392 9
m-dinitrobenzene 363 354 9
1,3-dinitrobenzene 363 354 9
1,2,3,7,8,9-hexachlorodibenzodioxin 517 508 9
2-pentyne 172 163 9
mannitol 439 430 9
1,1,1-trifluoro-3-chloropropane 179 170 9
4,4'-dibromobiphenyl 437 428 9
n-dodecylcyclohexane 286 276 10
2,3-dichlorobenzaldehyde 339 329 10
octanedioic acid 416 406 10
1,6,7-trimethylphenanthrene 396 386 10
2-mercaptopyridine 403 393 10
4-methyl-3-nitroquinoline 391 381 10
2-bromo-5-nitro-p-toluidine 394 384 10
1,1'-binaphthyl 433 423 10
2,3,5-tribromo-nitrobenzene 393 383 10
1,2,3,5-tetraiodobenzene 421 411 10
5,6-chrysoquinone 513 503 10
2-methyloctane 193 183 10
1-fluorohexane 170 160 10
1.4-diiodobutane 279 269 10
methylisobutyrate 188 178 10
2-nitrobenzoic acid 419 409 10
1,3,4,6,7,8-hexachlorodibenzofuran 503 493 10

1-chloro-2-naphthoic acid 469

459
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2-hydroxybenzonitrile 371 361 10
4-methylpyridine 277 267 11
ethylpropionate 199 188 11
4-aminobenzophenone 397 386 11
2,3,8-trimethylquinoline 360 349 11
3-chloro-8-nitronaphthalene 374 363 11
1,2,4-trimethylnaphthalene 328 317 11
methylpropionate 186 175 11
1,2-butadiene 137 126 11
1,2-dimethyl-4,5-dinitrobenzene 391 380 11
cyclopentanol 257 246 11
4-hydroxybenzophenone 408 397 11
1,2,4-triiodobenzene 365 354 11
4-methylbenzophenone 333 322 11
S-nitro-1,2,3-triiodobenzene 440 429 11
3-iodobenzoic acid 461 450 11
2-chloropropane 156 145 11
xanthone 447 436 11
1,3,4-triiodo-2-nitrobenzene 410 399 11
2,4,6-trinitroresorcinol 455 444 11
2,4-dichloroaniline 334 323 11
3-chlorobenzoic acid 427 416 11
trimethylamine 156 145 11
1,4-dibromobutane 257 246 i1
3-bromo-o-cresol 368 357 11
2,5-dichlorobenzoic acid 428 417 11
3-fluorobenzoic acid 397 386 11
n-heptane 183 172 11
3,4-dichlorobiphenyl 323 312 11
triptycene 527 516 11
tribromomethylfluoride 315 304 11
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Compound Tn (K) Tn(K) Error
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2,5-dimethyl-1,5-hexadiene 198 187 11
2,2'4,4',6,6'-hexabromobiphenyl 449 438 11
pteridine 413 401 12
pentadecanolactone 309 297 12
4,6-dichloroquinoline 377 365 12
n-butane 135 123 12
3,4-dimethylquinoline 347 335 12
1,2,3,4,6,7,8-heptachlorodibenzodioxin 538 526 12
1,1-dimethylcyclohexane 240 228 12
pentaiodobenzene 445 433 12
undecanolactone 275 263 12
2-chlorobenzonitrile 316 304 12
2,3-dichlorobutane 193 181 12
8-nitro- 1 -naphthoic acid 490 478 12
4-benzophenonecarboxylic acid 500 488 12
2,6-diiodo-3-nitroaniline 419 407 12
benzophenone 321 309 12
2',3,3',4,5-pentachlorobiphenyl 391 379 12
2,3,3' 4'-tetrachlorobiphenyl 370 358 12
4,4'-dichlorodiphenylmethane 329 317 12
p.p-DDT 382 370 12
cyclohexeneoxide 238 226 12
diphenylcarbinol 339 327 12
3-cyanobenzaldehyde 353 341 12
1-naphthamide 478 466 12
5-chloro-2-methylbenzoic acid 442 430 12
1-fluoro-3-nitrobenzene 275 263 12
3-chloro-2,6-dinitroaniline 385 373 12
5-chloro-o-cresol 347 335 12
2,3,4-trichlorotoluene 317 305 12

1,8-dinitroanthraquinone 585

573

12
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Compound Tm(K) Tm(K) Error
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3-nitrotoluene 288 276 12
2,3,4trimethylpentane 164 151 13
3,3'-dinitrobenzophenone 430 417 13
2,3-dichloroquinoline 378 365 13
6,8-dichloroquinoline 378 365 13
3-nitrocarbazole 487 474 13
cyclohexane 280 267 13
2,3,4-trichloro-1-naphthol 441 428 13
butylethylketone 234 221 13
6-chloro-2-methylquinoline 364 351 13
xanthene 374 361 13
9,10-dimethylphenanthrene 417 404 13
decanal 270 257 13
benzophenone 322 309 13
2-butenal 199 186 13
2,3-dichlorodibenzodioxin 437 424 13
2,2',3,3' 4-pentachlorobiphenyl 392 379 13
2-nitrobenzophenone 378 365 13
2-pyridinecarboxylic acid 410 397 13
2,3,4-trimethylbenzoic acid 441 428 13
2-oxadodecane 244 231 13
pentabromobenzene 433 420 13
2-chloro-2-nitropropane 252 239 13
butadiyne 237 224 13
methylcyclopropane 156 143 13
1-nitrocarbazole 460 447 13
1,2-dimethyl-4-nitrobenzene 304 291 13
1,2-dichloro-3-nitrobenzene 335 321 14
tridecanolactone 300 286 14
2-iodobenzoic acid 436 422 14
1,4,5-trimethyinaphthalene 331 317 14
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Compound Tm (K) Tn(K) Error
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3,4,5-triiodobenzoic acid 566 552 14
3-nitro-p-cresol 352 338 14
1,2,4,8-tetrachlorodibenzofuran 466 452 14
2-methylacridine 407 393 14
2,2'4,5,5"-pentabromobiphenyl 430 416 14
6-methyl-8-nitroquinoline 395 381 14
trans-3-chloro-2-butenoic acid 367 353 14
pentafluorophenol 305 291 14
3,3,3-trichloropropylene 243 229 14
o-chloronitrobenzene 307 293 14
1,2,3,4,6,8-hexachlorodibenzofuran 507 493 14
1,2,3,6,7,8-hexachlorodibenzofuran 507 493 14
3,3-bis-(chloromethyl)-oxacyclobutane 292 278 14
1,1,2-trichloro-1,2,2-trifluoroethane 237 223 14
2,7-dibromoanthraquinone 521 507 14
I-chlorononane 234 220 14
thioxanthene 402 388 14
2,3,5-trichlorotoluene 319 305 14
2,3,6-trichlorotoluene 319 305 14
chlorodibromomethane 251 237 14
1,6-dibromohexane 271 257 14
hexafluorobiphenyl 342 328 14
1,3,4-trichloro-2-nitrobenzene 362 348 14
1-nitroanthraquinone 506 492 14
2,4'-bipyridyl 335 320 15
3,4'-bipyridyl 335 320 15
4-dibenzothiophenedioxidecarboxylic acid 611 596 15
2,6-dichlorobenzaldehyde 34 329 15
3-chloro-1-nitronaphthalene 378 363 15
ethylacetate 190 175 15
cyclohexylchloride 229 214 15
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di-beta-naphthylamine 445 430 15
2-bromobenzoic acid 423 408 15
2,7-dimethylpyrene 505 490 15
6-aminoquinoxaline 432 417 15
butanoic acid 268 253 15
3-nitro-o-toluidine 370 355 15
1-chlorodecane 242 227 15
4-decanone 264 249 15
methylacetate 175 160 15
diadamantane 518 503 15
9,10-phenanthroquinone 483 468 15
4-chlorobenzophenone 351 336 15
S-nitroisoquinoline 383 368 15
2,3,4,5-tetrachloroaniline 392 377 15
decachlorobiphenyl 578 563 15
cis-1,2-dibromocyclohexane 283 268 15
1,2,2-trichloro-1,1,2-trifluoroethane 238 223 15
propionic acid 253 238 15
4-bromo-3-nitroaniline 405 390 15
1,1,2,2-tetrachloroethane 231 215 16
thiophene 235 219 16
1,4-dimethyl-2-chlorobenzene 275 259 16
dimethylsulfide 175 159 16
2,4-dichlorobenzaldehyde 345 329 16
2,3,4-trimethylquinoline 365 349 16
2,3-dimethyl-5-nitroaniline 385 369 16
2,5-dimethyl-1,3-dinitrobenzene 396 380 16
3-chlorobenzoic acid 431 415 16
cis-cycloheptene 217 201 16
S-nitro-m-toluidine 371 355 16

S-aminoisoquinoline 401

385

16
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cyanoacetamide 387 371 16
methylformate 174 158 16
5,6-dinitroacenaphthene 495 479 16
1,6-dinitro-2-naphthol 468 452 16
m-bromonitrobenzene 329 313 16
4-chloro-2-methylbenzoic acid 446 430 16
2,4'-dinitrodiphenylmethane 391 375 16
2-nitronaphthalene 352 336 16
S-amino-8-methylquinoline 416 400 16
benzamide 406 390 16
2-hydroxyfluorene 447 431 16
1,5-dichloronaphthalene 380 364 16
1-pentyne 183 167 16
n-butylamine 224 208 16
2,4,5-trichlorobiphenyl 352 335 17
1,3,5-trinitro-2,4,6-trimethytlbenzene 511 494 17
trans-2-butene 167 150 17
2,3,6,7-tetrachlorodibenzofuran 469 452 17
2-heptanone 238 221 17
pyrimidine 295 278 17
3,5-dichlorobromobenzene 356 339 17
2,3,4,5,6-pentachlorobiphenyl 396 379 17
fluorene 389 372 17
4-chloro-2,6-dinitroaniline 420 403 17
2,5-dimethyl-2,5-dichloro-3-hexyne 302 285 17
1-eicosyne 309 292 17
triphenylchloromethane 3 360 17
4,4'-dichlorophenylisulfoxide 417 400 17
1-undecene 224 207 17
1,2-dimethoxyethane 202 185 17
1,2-difluoro-1,1,2,2-tetrachlioroethane 298 281 17
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etnylacrylate 201 183 18
dimethylamine 181 163 18
3-bromo-5-nitrophenol 418 400 18
1,6-dichlorodibenzodioxin 472 454 18
1-hydroxyisoquinoline 483 465 18
3,4-dimethylbiphenyl 302 284 18
2,2',5,6'-tetrachlorobiphenyl 376 358 18
2-bromobenzamide 434 416 18
3,4-dimethylphenol 334 316 18
3-methylchrysene 446 428 18
thiazole 240 222 18
aminomethane 180 162 18
8-nitro-1-naphthol 405 387 18
4-pyrenecarboxylic acid 601 583 18
2,3 4-trichlorobenzoic acid 461 443 18
4-bromo-2,6-dinitroaniline 436 418 18
2,3,7,8-tetrachlorodibenzofuran 501 482 19
3-methylpyridine 255 236 19
4-bromobenzaldehyde 340 321 19
1,2,3,8-tetrachlorodibenzofuran 471 452 19
2,4 6-trinitrobenzoic acid 501 482 19
4-heptanone 240 221 19
4-methyl-8-nitroquinoline 400 381 19
2-coumarone carboxylic acid 466 47 19
1-pentanethiol 198 179 19
2,3,4',5-tetrachlorobiphenyl 377 358 19
2,4,5-trichloroaniline 370 351 19
3,4-dimethylaniline 324 305 19
3-nitrophenol 370 351 19
2,3,5,6-tetrabromo-p-cresol 472 453 19
8-bromo-5-hydroxyquinoline 463 444 19
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1,4-dinitrotetramethylbenzene 484 465 19
2-chlorobiphenyl 305 286 19
4-nitrotoluene 325 306 19
3,5-dinitrobenzoic acidphenylester 419 400 19
2-chloro-4-nitrophenol 384 365 19
2-amino-5-nitropyridine 461 442 20
3-nitrobiphenyl 335 315 20
2-methylnaphthalene 308 288 20
2,4-dibromo-6-nitroaniline 401 381 20
ethylmethylsulfide 167 147 20
n-hexane 178 158 20
4-bromo-3-nitrophenol 420 400 20
methylvinylether 151 131 20
4,4'-difluorobiphenyl 367 347 20
2,4,5-trimethylaniline 341 321 20
2,5-dimethylhexane 182 162 20
2-nitrodibenzothiophenedioxide 531 511 20
2,3:6,7-dibenzophenanthrene 530 510 20
3-chlorobenzophenone 356 336 20
4-methyl-4'-nitrobenzophenone 397 377 20
2,3,4,6,8-pentachlorodibenzofuran 493 473 20
2-chlorobenzamide 416 396 20
2-bromo-5-nitrophenol 403 383 20
2,4-dichlorobenzoic acid 437 417 20
3-nitrodibenzothiophene 427 407 20
benzoic acid-beta-naphthylester 380 360 20
methylisopropylsulfide 172 152 20
3-methyl-2-thiabutane 172 152 20
4,4'-dinitrophenylsulfide 434 414 20
perfluorobicyclo[4.4.0]dec-1,6-diene 264 244 20
3-methylisoquinoline 341 321 20
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7-methylisoquinoline 341 321 20
5,7-dichloro-8-hydroxyquinoline 456 435 21
1-chloro-5-nitronaphthalene 384 363 21
2,2'-dinaphthylsulfide 424 403 21
isobutyronitrile 202 181 21
4 ,4'-dichlorobiphenyl 422 401 21
2,8-dichlorodibenzofuran 458 437 21
1,2,6,7-tetrachlorodibenzofuran 473 452 21
trans-1-chloropropylene 174 153 21
8-methyl-6-nitroquinoline 402 381 21
1,1-dicyclohexyldodecane 301 280 21
o-methylstyrene 250 229 21
4-nitrobenzamide 475 454 21
2,3'4',5-tetrachlorobiphenyl 379 358 21
2,3'-dinitrobiphenyl 391 370 21
3-chloro-5-methylbenzoic acid 451 430 21
5-chloro-3-methylbenzoic acid 451 430 21
1,2,3,6,7,8-hexachlorodibenzodioxin 559 538 21
1,2,6,7,8-pentachlorodibenzofuran 494 473 21
2-chloroanthraquinone 484 463 21
4-methylbiphenyl 322 301 21
4-bromobenzamide 465 444 21
3-chloro-1,2-epoxypropane 225 204 21
1,3,5,8-tetrachloronaphthalene 404 383 21
4-bromoiodobenzene 363 342 21
2-octanone 253 231 22
3,4,4'-trichlorobiphenyl 357 335 22
1,5-dimethylnaphthalene 355 333 22
isobutyraldehyde 208 186 22
perfluoromethyldiethylamine 150 128 22

2-amino-3,7-dichloro-9-fluorenone 518

496

22
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Compound Tm(K) Tn(K) Error
exp. pred.
biphenylene 386 364 22
1-methyl-7-nitronaphthalene 371 349 22
chloromethane 175 153 22
dimethyldisulfide 188 166 22
1,3-dimethyl-2,4,6-trinitrobenzene 457 435 22
4-chlorobenzaldehyde 321 299 22
2,3-dinitronaphthalene 445 423 22
2,2'-dichlorobiphenyl 334 312 22
3-bromo-2,4-dinitrophenol 448 426 22
trans-2,3-epoxybutane 188 166 22
2,4-dinitrodiphenylamine 430 408 22
propanal 192 169 23
6-chloro-3-nitroaniline 394 371 23
1,8-dibromooctane 289 266 23
2,6-dimethylanthraquinone 515 492 23
diphenylacetic acid 420 397 23
2,5-dichloro-p-xylene 343 320 23
propenal 186 163 23
1,3-propanediol 246 223 23
4-bromo-2-nitroaniline 385 362 23
1,8-dinitronaphthalene 446 423 23
4-methyl-2-nitrobenzophenone 400 3717 23
3,5-dibromopyridine 385 362 23
3,6-dichlorobenzoic acid 440 417 23
1-decanethiol 248 225 23
1,3-butadiene 164 141 23
2,7-dichloronaphthaiene 387 364 23
pentachlorophenol 447 424 23
2,2',3,3',4,4',5,5,6-nonachlorobiphenyl 479 456 23
2-methyldecane 224 200 24
1,4-diazabicyclo[2.2.2]octane 433 409 24
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Compound Tm(K) Tn(K) Error
exp. pred.
¥-butyrolactone 230 206 24
1-dodecene 238 214 24
2,3,6,8-tetrachlorodibenzofuran 476 452 24
2-benzofurancarboxylic acid 471 447 24
2,2-dinitropropane 325 301 24
2,2',5,5'-tetrabromobiphenyl 417 393 24
2-piperidone 312 288 24
2,3-dichlorobromobenzene 333 309 24
cis-1,4-dichloro-2-butene 225 201 24
m-chloronitrobenzene 317 293 24
4 4'-dimethylbiphenyl 398 374 24
3-chloro-o-cresol 359 335 24
2,3-dichlorobenzoic acid 441 417 24
2-aminobenzophenone 383 359 24
4-methylbenzoic acid 453 429 24
2,2',6-trichlorobiphenyl 360 335 25
4-chlorobromobenzene 338 313 25
§,7-dichloroquinoline 390 365 25
dimethylaminoethylmethacrylate 238 213 25
isopropylether 188 163 25
1,2-dimethyl,perfluorocyclohexane 217 192 25
cyanoethene 190 165 25
1,2-dibromo-2-methylpropane 284 259 25
2-methyl-2-butanol 264 239 25
1,3,5-triiodobenzene 457 432 25
2-chlorobenzoic acid 413 388 25
S-metylcoumarin 339 314 25
2,2-dinitropropane 326 301 25
5-nitro-o-cresol 391 366 25
2-amino-3-nitropyridine 439 414 25
2-nonanone 266 241 25
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Compound Tm (K) Tn(K) Error

exp. pred.
4,5-dichloroquinoline 391 365 26
2-chloronaphthalene 331 305 26
2-chloro-8-nitronaphthalene 389 363 26
1,7-dinitroanthraquinone 568 542 26
phenothiazine 458 432 26
2-bromo-5-nitrotoluene 351 325 26
2-bromo-4-nitrotoluene 351 325 26
methylphenylsulfide 256 230 26
pentamethylbenzene 328 302 26
1,2,3,7,8-pentachlorodibenzodioxin 514 488 26
3,4'-dichlorobenzophenone 386 360 26
5-nitro-o-toluidine 381 355 26
1,10-dibromodecane 30t 275 26
2,6-dimethyl-2,4,6-octatriene(4-trans,6-trans) 238 212 26
1-chloro-2-iodoethane 258 232 26
1,1,1-triiodoethane 368 342 26
9-aminoacridine S14 488 26
2,4,5-triiodobenzoic acid 521 495 27
fenoprop 453 426 27
benodanil 410 383 27
2,4-dimethyl-5-nitroaniline 396 369 27
3-ethyltetracosane 303 276 27
pentafluoroaniline 307 280 27
4-bromo-2-hydroxyquinoline 540 513 27
2-chloro-4-methylbenzoic acid 429 402 27
1,3,7-trichloronaphthalene 386 359 27
methylacrylate 197 170 27
3-decanone 276 249 27

183 156 27

3-methyl-1-butyne
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Compound Tw(K) Tm(K) Error
exp. pred.
1,8-dimethyl-9-fluorenone 470 443 27
3-chloro-5-nitrotoluene 334 307 27
1,2,3,7,8-pentachlorodibenzofuran 500 473 27
1,3-dimethyl-5-nitrobenzene 348 321 27
2-chloro-4-nitroaniline 381 354 27
1,1,10,10-tetramethylcyclooctadecane 359 332 27
bicyclo[2.2.2]octane 447 420 27
2,2-dimethylpropanoic acid 307 280 27
S-nonanone 268 241 27
ethylamine 192 165 27
4-amino-S-methylpyrimidine 449 422 27
anthraquinone . 555 527 28
2,7-dichloroquinoline 393 365 28
methylphenylketone 293 265 28
1,1,1-trichloro-2,2,2-trifluoroethane 287 259 28
methylpropenoate 198 170 28
3-bromo-4-chlorobenzoic acid 489 461 28
m-terphenyl 360 332 28
1-tridecene 250 222 28
tert-butylchloride 248 220 28
2-hydroxy-3-methylquinoline 508 480 28
isopropentylmethylketone 219 191 28
7-methyl-1,2-benzanthracene 456 428 28
4-methyl-3-nitrobenzophenone 405 377 28
2,3-dichloroanthraquinone 544 516 28
benzothiophene 305 277 28
3-methylbutyraldehyde 222 194 28
1,3-dinitronaphthalene 421 393 28
S-nonanone 269 241 28
n-nonane 222 194 28
1,2,3-tribromopropane 290 261 29
3,5-diiodo-2-hydroxypyridine 535 506 29



APPENDIX A - continued

225

Compound Tn(K) Tn(K) Error
exp.  pred.
2,4 5-triiodotoluene 392 363 29
S-chloro-2-nitroaniline 400 371 29
2,7-dichlorodibenzodioxin 483 454 29
6-bromo-2-hydroxyquinoline 542 513 29
2-methyl-7-nitronaphthalene 378 349 29
p-n-hexyloxybenzylideneaniline 322 293 29
2-methyl-8-nitroquinoline 410 381 29
2-bromo-3,S-dinitroaniline 454 425 29
2-methyl-5-nitrobenzonitrile 379 350 29
1-fluoroheptane 200 171 29
pentamethylbenzoic acid 484 455 29
4,6-dimethyl-2-hydroxyquinoline 523 494 29
2,6-dibromopyridine 391 362 29
1,2,3,6,8,9-hexachlorodibenzofuran 522 493 29
pyrazinecarboxamide 466 437 29
2,3-dichloronaphthalene 393 364 29
2-bromo-4,6-dinitroaniline 427 398 29
2-aminoacridine 487 458 29
3-aminoacridine 487 458 29
4-chlorobenzamide 453 423 30
3,5-dinitro-p-toluidine 444 414 30
2,4,5-trichlorobenzaldehyde 386 356 30
2-chloro-m-cresol 347 317 30
tetroxane 385 355 30
1-heptanethiol 230 200 30
4-bromobenzonitrile 387 357 30
4-methoxy-4'-octoxy-trans-stilbene 424 394 30
diisopropylsulfide 195 165 30
2,4-dimethyi-3-thiapentane 195 165 30
cyclopropylamine 238 208 30
1,2,5,6-tetramethylnaphthalene 391 361 30
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Compound Tm (K) Tm(K) Error
exp.  pred.
cyclohexylcyanide 285 255 30
4-bromo-3-chlorobenzoic acid 491 461 30
p-n-hexyloxybenzylidene-p'-toluidine 334 304 30
2,3-dimethylphenol 346 316 30
1,3-dicyclohexyl-2-methylpropane 274 244 30
2-hydroxy-6-methylquinoline 510 480 30
4,6-diiodo-2-nitroaniline 427 397 30
2-pentadecanone 312 282 30
2,2'-dinitrobiphenyl 400 370 30
beta-naphthol 394 364 30
3-bromo-2-hydroxyquinoline 526 496 30
octachlorodibenzodioxin 605 575 30
3-nitro-1-naphthoic acid 546 516 30
styrene 242 211 31
4-chlorobenzonitrile 365 334 31
methylperfluorocyclohexane 228 197 31
2,2',3,3',4,4'-hexachlorobiphenyl 430 399 31
tetramethylsuccinic acid 464 433 31
2-nitroaniline 343 312 31
1,2,8-trimethylphenanthrene 417 386 31
3-aminophenol 394 363 31
3-nitroacenaphthene 425 394 31
4.4'-dichlorobenzophenone 421 390 31
3-iodophenol 391 360 31
2-tetradecanone 307 276 31
2,3-dimethylbiphenyl 315 284 31
2-chloro-5-nitrophenol 395 364 31
3,4,5-trimethylbenzoic acid 489 458 31
2-hydroxy-9,10-phenanthroquinone 556 525 31
diphenylamine 328 297 31
2,11dicyclohexyldodecane 301 270 31
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Compound Tm(K) Tn(K) Error
exp. pred.
3-chloro-2-naphthoic acid 490 459 31
2-bromo-9,10-phenanthroquinone 507 476 31
benzotrifluoride 244 213 31
4-bromobiphenyl 364 333 31
1,2,3,5-tetrachloronaphthalene 414 383 31
2-nitrofluorene 431 400 31
3-cyanobenzoic acid 490 458 32
5-chloro-1-naphthoic acid 518 486 32
1,1,2,2,3,3,4,4-octachlorobutane 354 322 32
3-bromo-5-nitrotoluene 357 325 32
1,2,7,8-tetrachlorodibenzofuran 484 452 32
perfluorotriethylamine 156 124 32
4-nitrochlorobenzene 355 323 32
1-tetradecene 260 228 32
2,5-dimethylphenol 348 316 32
morpholine 268 236 32
1,2,2,4-tetrabromobutane 346 314 32
cis-perfluorodecalin 267 235 32
7-quinolinecarboxylic acid 523 491 32
5-bromo-1-naphthoic acid 534 502 32
2,3-dinitrophenol 417 385 32
cubane 405 372 33
1,1-dibromo-2,2-dimethylpropane 287 254 33
n-octane 216 183 33
coronene 707 674 33
4-dibenzothiophenecarboxylic acid 535 502 33
2-methyl-6-nitrobenzonitrile 383 350 33
2,2'4,4"-tetrabromodiphenylamine 461 428 33
3,3-diethylpentane 240 207 33
1,4-diiodo-2-butyne 326 293 33
1,2:5,6-dibenzanthracene 543 510 33
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Compound Tm(K) Tn(K) Error
exp. pred.
4-chloro-m-toluidine 357 324 33
iododibromomethane 296 263 33
propachlor 343 310 33
3,4-dibromobenzoic acid 508 475 33
3-amino-2-methylquinoline 433 400 33
1,2,3,4-tetrachloro-1,3-butadiene 325 292 33
2-nitrobenzamide 450 417 33
6-bromo-2,3-dinitroaniline 431 398 33
dicyanomethane 305 271 34
1,4-dichlorobutane 236 202 34
octafluoro-1,4-cyclohexadiene 331 297 34
l-amino-4-nitroanthraquinone 573 539 34
pelargone 326 292 34
2,3,8-trichlorodibenzofuran 464 430 34
p-dinitrobenzene 447 413 34
1,4-dinitrobenzene 447 413 34
2-chloro-6-methylquinoline 385 351 34
2-bromo-4,5-dinitroaniline 459 425 34
2,3-benzanthraquinone(9,10-naphthacenequinone) 567 533 34
o-triphenyl 329 295 34
4-cyanobenzaldehyde 375 341 34
2-chloro-4-nitrotoluene 341 307 34
3,8-dinitrodibenzofuran 499 465 34
1,4-butanedioldiacetate 285 251 34
3-methyl-2-coumaronecarboxylic acid 462 428 34
2,2'-dinitrodiphenylamine 442 408 34
pentabromophenol 503 469 35
2,7-dimethylnaphthalene 368 333 35
2-amino-2-methyl-1,3-propanediol 384 349 35
1-methylphenanthrene 396 361 35

4,4"-bipyridyl 445

410

35
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Compound Tm (K) Tn(K) Error
exp. pred.
1-pentadecene 269 234 35
1,2,3,4-tetrabromobutane 314 279 35
6-metylcoumarin 349 314 35
2-amino-3-chloroanthraquinone 556 521 35
pentatriacontane 348 313 35
4-chlorobiphenyl 351 316 35
2,3-dimethyl-4-nitroaniline 387 352 35
1,6-hexanedioic acid 426 391 35
4-nitrobenzoic acid 512 477 35
1,2,3-trinitro-4,5,6-trimethylbenzene 482 447 35
5-chloro-3-nitroaniline 407 371 36
4-amino-3,5-dinitropyridine 444 408 36
2,2',3,3'-tetrachlorobiphenyl 394 358 36
4-nitro-m-cresol 402 366 36
2,2,4,4,-tetramethylpentan-3-ol 322 286 36
phanquinone 568 532 36
4-methylpyrimidine 305 269 36
1,7-dinitronaphthalene 429 393 36
2,4,6-triiodoaniline 459 423 36
1,1,2-trichloroethane 237 201 36
4,4'-dibromobenzophenone 450 414 36
- bicyclo[3.3.1]nonane 419 383 36
1,2-dicyanobenzene 413 376 37
3-aminopyridine 338 301 37
undecane 248 211 37
2,4,4'5-tetrachlorobiphenyl 395 358 37
5-bromo-2,4-dinitroaniline 452 415 37
4-quinolinecarboxylic acid 528 491 37
4-hydroxy-3-methylbenzophenone 447 410 37
n-perfluorohexane 185 148 37
pentaxane 334 297 37
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Compound Tn(K) Ta(K) Error
exp. pred.
2,7-dimethyloctane 219 182 37
3,4-dichlorobenzoic acid 482 444 38
1,2-dicyanobenzene 414 376 38
2-chloro-5-methylbenzoic acid 440 402 38
6-chloro-3-methylbenzoic acid 440 402 38
dotriacontane 343 305 38
chlorothalonil 524 486 38
2-decanone 287 249 38
p-n-hexyloxybenzylideneamino-p'-fluorobenzene 328 290 38
octabromodibenzodioxin 649 611 38
1,4-dioxane 284 246 38
2-hydroxy-4-methylquinoline 518 480 38
1-hexadecene 278 240 38
1,2,4,7,8-pentachlorodibenzofuran 511 473 38
7-nitroquinoline 406 368 38
2-bromo-3-nitrophenol 421 383 38
cis-1,2-dimethyicyclopentane 220 182 38
2-butynal 247 209 38
o-dinitrobenzene 392 354 38
cyclohexylbenzene 281 243 38
6-methylisoquinoline 359 321 38
tert-butanol 299 260 39
unitriacontane 341 302 39
fluoroethane 130 91 39
2,2-bis(hydroxyimethyl)-1,3-dihydroxypropane 513 474 39
2,6-dinitroaniline 415 376 39
3-pentanone 235 196 39
cyclooctanone 302 263 39
2,3,4,6-tetrachlorotoluene 369 330 39
2,4,5-trimethylnitrobenzene 344 305 39
n,n'-di-n-propyladipamide 452 413 39
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Compound Tm (K) Twm(K) Error
exp. pred.
I-chloro-9,10-phenanthroquinone 502 463 39
cyclohexanol 299 260 39
triacontane 339 300 39
1-chloro-3-nitronaphthalene 403 363 40
1,4-dimethyl-2,5-dinitrobenzene 420 380 40
trans-azobenzene 341 301 40
trans,trans-4'-propylbicyclohexyl-4-carbonitrile 331 291 40
methoxybenzene 269 229 40
maleicanhydride 326 286 40
1-fluorodecane 238 198 40
2,4-hexadiene 194 154 40
fluoromethane 131 91 40
4-quinolinecarboxylic acid 531 491 40
n-decane 243 203 40
1-octadecene 291 251 40
1,2,3.4,7,8-hexachlorodibenzodioxin 548 508 40
1-aminoanthraquinone 527 487 40
nonacosane 337 297 40
2,2,5,5-tetramethylhex-3-ene 269 228 41
3-nitrophenanthrene 445 404 41
1-chloro-6-nitronaphthalene 404 363 41
acetic acid 290 249 41
azobenzene 342 301 41
octacosane 334 293 41
2-methyl-3-nitronaphthalene 390 349 41
3,4,5,6-tetrabromo-o-cresol 481 440 41
2,3,4,5-tetrachlorotoluene 371 330 41
2,2',3,6'-tetrachlorobiphenyl 399 358 41
2-fluorobenzoic acid 399 358 41
2,6-dimethyl-2,4,6-octatriene(4-trans,6-cis) 253 212 41
2-methyl- 1 -nitroanthraquinone 544 503 41
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Compound Ta(K) Tn(K) Error
exp. pred.
cis-1,2-dichlorocyclohexane 272 231 41
2,8-dibromodibenzofuran 473 432 41
n-decane 244 203 41
4-amino-2-methylquinoline 441 400 - 41
5-bromo-2-naphthoic acid 543 502 41
hexachlorobenzene 502 461 41
4-nitrobiphenyl 387 346 4]
2-nitro-9,10-phenanthroquinone 533 492 4]
4-iodobiphenyl 386 34 42
1,2,4-trinitro-3,5,6-trimethylbenzene 458 416 42
2-methyltricosane 311 269 42
2,4,5-tribromotoluene 387 345 42
2-bromo-5-nitroaniline 414 372 42
2,3',4,4'-tetrachlorobiphenyl 400 358 42
heptacosane 332 290 42
1-eicosene 302 260 42
4-aminoquinoline 427 385 42
2,2',4,4',6,6'-hexamethylbiphenyl 376 334 42
4-fluorobenzoic acid 458 416 42
tridecane 268 226 42
6-caprolactam 342 300 42
1,2-dinitronaphthalene 435 393 42
hexacosane 329 287 42
2,4-dichloro-2,4-dimethylpentane 297 255 42
iminostilbene 472 430 42
tetracosane 322 280 4?2
2,2,3,3-tetramethylpentane 263 221 42
3-nitrodibenzofuran 454 412 42
6-nitro-o-toluidine 370 327 43
pentacosane 326 283 43
2-methyl-6-nitronaphthalene 392 349 43
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Compound Tn(K) Tn(K) Error
exp. pred.
4-metylcoumarin 357 314 43
d-valerolactone 263 220 43
6-amino-4-methyiquinoline 443 400 43
2-butyne 241 198 43
2,4,6-trinitroaniline 466 422 44
4-bromo-2,5-dinitroaniline 459 415 44
3-chloro-4-methylbenzoic acid 474 430 4
3-chloro-4-methyibenzoic acid 474 430 44
2,4,5,6-tetrabromo-m-cresol 467 423 4
methylcrotonate 231 187 44
2,2'-dinitrobenzophenone 462 417 45
1,2-benzopyrone 344 299 45
2,3-dimethylnaphthalene 378 333 45
1,3,4-trichloro-2-naphthol 435 390 45
6-bromoflavone 465 420 45
pentadecane 283 238 45
9-fluorenone-2-carboxylic acid 611 566 45
tricosane 321 276 45
pentamethylaniline 426 381 45
1-bromo2-chloroethane 256 211 45
3-nitroaniline 385 340 45
acetonitrile 221 176 45
docosane 317 272 45
1-chloro-2,2-difluoropropane 217 172 45
1,3,8-trinitronaphthalene 491 446 45
n-dodecane 264 219 45
1,2,3,4,5,6-hexachloro-3-hexene 332 287 45
2-chloro-7-nitronaphthalene 409 363 46
heptadecane 295 249 46
heneicoscane 314 268 46
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Compound Tan(K) Tn(K) Ermor
exp. pred.
nonadecane 305 259 46
4-nitrobenzophenone 411 365 46
3-thiolpropanoic acid 292 246 46
2,6-dinitrobenzoic acid 475 429 46
4-chloro-2-nitroaniline 390 344 46
2,3-dibromo-7,8-difluorodibenzodioxin 485 439 46
4-amino-2,6-dichloropyridine 449 403 46
eicosane 310 264 46
6,8-dimethyl-5-hydroxyquinoline 471 425 46
2-hydroxyquinoxaline 544 497 47
triphenylmethane 366 319 47
octadecane 301 254 47
diethylamine 223 176 47
nitroethane 223 176 47
hexadecane 291 244 47
dibenzothiophenedioxide 505 458 47
1,2-diaminoethane 284 237 47
nitroethylene 218 170 48
2,6-dichloro-2,6-dimethylheptane 316 268 48
cis-cyclooctene 261 213 48
2,6-dichloroanthraquinone 564 516 48
1,2-dibenzoylethane 419 371 48
cis-bicyclohexyl(,cis) 277 229 48
trans-bicyclohexyl 277 229 48
4-amino-6-methylpyrimidine 470 422 48
1,2,3-trichloropropane 258 209 49
2,6-dimethylnaphthalene 382 333 49
tetraiodoethylene 465 416 49
4-nitrobenzaldehyde 379 330 49
2,5-dimethyl-1,3,5-hexatriene 264 215 49
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Compound Tm(K) Twm(K) Error
exp. pred.
2,2-dimethyl-1-propanol 325 276 49
2,3-dibromoanthraquinone 556 507 49
B-propiolactone 240 191 49
phenylbenzoate 343 294 49
2,6-dichloronaphthalene 413 364 49
[,2-dibromoethane 283 233 50
1,1,2,2-tetrachloro-1,2-difluoroethane 300 250 50
2,6-dimethylnaphthalene 383 333 50
diphenylmethane 344 294 50
3-metylcoumarin 364 314 50
3-coumaranone 376 326 50
2,2-dichloropropionaldehyde 312 262 50
2,3-dimethyl-6-nitroaniline 392 342 50
4-nitroaniline 421 370 51
2,3,5,6-tetrachloro-p-cresol 463 412 51
4-methyl-2'-nitrobenzophenone 428 377 51
chlorfenac 429 378 51
anthracene 489 438 51
2,4,5-trimethylbromobenzene 346 295 51
2,4,5-trichlorotoluene 356 305 51
acetylene 192 141 51
1,2-benzofluorene 463 411 52
1,3-pentadiene 186 134 52
dicyclopentadiene 305 253 52
bicyclopentadiene 305 253 52
2,4,5-triiodonitrobenzene 451 399 52
5-nitro-2-naphthoic acid 568 516 52
8-nitro-2-naphthoic acid 568 516 52
thioxanthene-9-one 484 432 52

dichlobenil 418

365

53
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Compound T (K) Tm(K) Error
exp. pred.
2-nitro-9-fluorenone 496 443 53
dibenzyl 324 271 53
3-oxabicyclo[3.2.2]nonane 448 395 53
4-nitro-o-toluidine 408 355 53
3,6-dinitrodibenzofuran 518 465 53
4-chloro-3-methylbenzoic acid 483 430 53
thioxanthone 485 432 53
2-nitro-m-toluidine 381 327 54
3-chloro-2-(chloromethyl)-propylene 258 204 54
3,6-dichlorodibenzofuran 461 407 54
3-nitro-o-cresol 420 366 54
2-hydroxyanthraquinone 579 525 54
2,2-dimethylpropanal 272 218 54
4,4'-dinitrobiphenyl 514 460 54
2,8-dichloronaphthalene 388 333 55
3-hydroxycoumarin 427 372 55
1,3,5-hexatriene 261 206 55
imidazole 362 307 55
tetrahydrothiopyran 292 237 55
2,3,6-trimethylnaphthalene 373 317 56
4-nitro-m-toluidine 411 355 56
hexamethylbenzene 438 382 56
4-amino-2-methylpyrimidine 478 422 56
pyrazole 333 277 56
1,2,4,5-tetraiodobenzene 527 470 57
2,4,6-tribromo-1,3,5-trimethylbenzene 500 443 57
5-chloro-2-naphthoic acid 543 486 57
tetradecane 289 232 57
2-methyl-6-nitroquinoline 438 381 57
p-bromonitrobenzene 400 343 57
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Compound Tn(K) Tm(K) Error
exp. pred.
2,3,4,4'-tetrachlorobipheny! 415 358 57
2-chloro-5-nitropyridine 382 325 57
1-chloro-2,2-dimethylpropane 253 196 57
nitromethane 245 188 57
3-quinolinecarboxylic acid 548 491 57
1,2,3,4-tetrachloronaphthalene 470 413 57
1,2:6,7-dibenzanthracene 537 480 57
6-nitro-m-toluidine 385 327 58
tetrazole 430 372 58
1,2-dichloroethane 238 180 58
tert-butylmercaptan 274 216 58
4-methyi-7-hydroxycoumarin 461 403 58
cycloheptane 261 203 58
2-fluoronaphthalene 334 276 58
3-chloro-4-nitroaniline 430 371 59
1,3-dicyanobenzene 435 376 59
cyclooctadecane 346 287 59
1,5-hexadiyne 267 208 59
3,4-dichloro-o-xylene 349 290 59
6-nitroquinoline 427 368 59
3-bromo-4-nitroaniline 449 390 59
5-bromo-2-hydroxyquinoline 573 513 60
trans-perfluorodecalin 295 235 60
cis-1,4-dichlorocyclohexane 291 231 60
1,4-dibromobenzene 360 300 60
4-fluorobiphenyl 348 288 60
2,2-bis(hydroxymethyl)propionoic acid 468 407 61
4-amino-4'-methylbenzophenone 460 399 61
8-hydroxycoumarin 433 372 61
6-amino-2-methylquinoline 461 400 61
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Compound Tn(K) Tn(K) Error
exp. pred.
diiodomethylbromide 333 271 62
ethanethiol 195 133 62
monoethanolamine 284 222 62
9,11-naphthacenequinone 595 533 62
4-bromobenzoic acid 528 466 62
1,1-difluoroethane 156 94 62
6-hydroxy-8-methylquinoline 473 411 62
2,4-dimethyl-6-hydroxyquinoline 487 425 62
2-nitro-p-toluidine 390 327 63
ethyloctylether 286 223 63
2-aminoanthraquinone 577 514 63
4-iodobenzoic acid 543 480 63
5-bromo-2-nitroaniline 425 362 63
perfluoropiperidine 274 211 63
1,4-dicyanobenzene 499 436 63
2-chloro-9,10-phenanthroquinone 526 463 63
camphene 324 261 63
2-methylbicyclo2,2, 1 heptane (endo) 278 215 63
1,1-difluoro-1,2,2,2-tetrachloroethane 314 250 64
1,1,1,2-tetrachlorodifluoroethane 314 250 64
2,6-dichloroquinoline 429 365 64
4,8-dichloroquinoline 429 365 64
3,4,5,6-tetrachloro-o-cresol 463 399 64
2-bromobutane 256 192 64
6-amino-4,5-dimethylpyrimidine 503 439 64
n,n-dimethylaniline 276 212 64
1,1,4,4,10,10,13,13-octamethylcyclooctadecane 438 374 64
2-chloro-2-methylpropane 248 183 65
6-aminocoumarin 443 378 65
2-bromo-3-chlorobenzoic acid 498 433 65
1,2-diiodoethane 356 291 65
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Compound Tm(K) Tn(K) Error
exp. pred.
4-methoxy-4'-heptoxy-trans-stilbene 423 358 65
3-bromo-9,10-phenanthroquinone 542 476 66
3-hydroxy-2-methylquinoline 477 411 66
2,4-dimethyl-7-hydroxyquinoline 491 425 66
4-aminophenol 460 394 66
1,3,4,5,6-pentachlorocyclohexene 342 275 67
2-chloro-2,3-dimethylbutane 263 196 67
4-chlorobenzoic acid 513 446 67
chloroneb 407 340 67
ethylidenediacetate 292 225 67
acetamide 354 286 68
2,7-dimethylnaphthalene 371 303 68
3,3',4,4'-tetrachlorobiphenyl 456 388 68
B,B'-binaphthyl 461 393 68
8-metylcoumarin 383 314 69
1,5-dinitronaphthalene 492 423 69
chloroacetic acid 334 265 69
6-hydroxyquinoline 466 396 70
2,2-dimethylpropionitrile 292 222 70
2,6-dichloro-4-nitroaniline 464 394 70
3-bromo-2-nitrobenzoic acid 523 453 70
1,3,5,7-tetrachloronaphthalene 453 383 70
1,3,5-trimethyl-2,4,6-trichlorobenzene 478 408 70
2-mercaptobenzothiazole 454 383 71
4,5-dimethyl-2-nitroaniline 413 342 71
dimethylsulfoxide 292 220 72
pentachlorobenzaldehyde 476 404 72
cyclooctane 287 215 72
2-hydroxymethyl-2-methyl-1,3-propanediol 470 398 72
1,2-dinitrobenzene 396 324 72
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Compound Tm (K) Tnp(K) Error
exp. pred.
1,4-butanedinitrile 331 258 73
2,6-octadiyne 300 227 73
3,3"-dinitrobiphenyl 473 400 73
2,2,3-trimethylbutane 248 175 73
carbazole 521 447 74
3-chloro-2-nitrobenzoic acid 511 437 74
trans-1,4-dichloro-2-butene 275 201 74
3,3'-dinitrodiphenylmethane 449 375 74
6-quinolinecarboxylic acid 565 491 74
1,3,4-tribromo-2-nitrobenzene 458 383 75
adamantane 543 468 75
2-methylchrysene 503 428 75
3-chloro-9,10-phenanthroquinone 538 463 75
1,1,2,3,4,4-hexachloro-2-butene 353 278 75
6-hydroxy-2-methylquinoline 486 411 75
1,3-dithiane 327 251 76
hexachloroethane 458 382 76
4-methoxy-4'-hexoxy-trans-stilbene 430 354 76
3-hydroxyquinoline 473 396 77
2,8-dibromodibenzothiophene 502 425 77
2,3-difluorodibenzodioxin 449 372 77
2,3-dinitroaniline 451 374 77
3-chloro-2,3-dimethyibutane 274 196 78
glycolide 356 278 78
2,2-dimethyl-1,3-propanediol 398 320 78
2,3-benzofluorene 490 411 79
perfluoroheptane 222 143 79
2,3,7,8-tetrabromodibenzodioxin 609 530 79
2,5-dichloro-2,5-dimethylhexane 341 262 79
2,4-dinitroaniline 453 374 79

2,8-dibromodibenzothiophenedioxide 635 556 79



APPENDIX A - continued

241

Compound Tm(K) Tn(K) Error
exp. pred.
4-hydroxypyridine 422 343 79
2,3-dichloro-7,8-difluorodibenzodioxin 498 418 80
2-chloro-6-nitronaphthalene 443 363 80
2,4,5,6-tetrachloro-m-cresol 462 382 80
dimethyloxalate 327 247 80
2,6-diiodo-4-nitroaniline 518 437 81
2,3,7,8-tetrachlorodibenzodioxin 579 498 8!
pentabromoaniline 539 458 81
2-nitroisobutane 299 218 81
4,4'-dinitrodiphenylamine 489 408 81
triiodomethane 396 315 81
chrysene 528 446 82
2-methylbicyclo[2.2.2]octane 307 225 82
trans-1,4-dibromo-2-butene 327 245 82
3,4'-dinitrodiphenylamine 490 408 82
2-methyl-2-nitro-1-propanol 361 278 83
tricyclohexylmethane 321 238 83
4-amino-3-chloro-2,5,6-trifluoropyridine 394 310 84
2,7-dinitronaphthalene 507 423 84
1,1,2,3,4-pentachlorobutane 322 237 85
1,4-butanedioic acid 457 372 85
2-methoxy-4'-pentoxy-trans-stilbene 435 350 85
6-hydroxy-4-methylquinoline 496 411 85
thiacyclohexane 292 207 86
diphenamid 408 322 86
2,2,3,3-tetramethylbutane 374 288 86
4 4'-dinitrodiphenylmethane 461 375 86
2-methyl-2-nitro-1,3-propanediol 424 338 86
2,4-hexadiyne 342 255 87
7-metylcoumarin 401 314 87
4-hydroxyquinoline 483 396 87
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Compound Tm (K) Twm(K) Error
exp. pred.
1-chloro-2,2,3,3-tetramethylbutane 326 239 87
1,2:6,7-dibenzophenanthrene 567 480 87
1,2,4,6,7,9-hexabromodibenzodioxin 661 573 88
vinylacetylene 228 140 88
2,4'-dinitrodiphenylamine 496 408 88
2-fluorobipheny! 347 257 90
3-hydroxypyridine 402 312 90
1-iodo-4-nitrobenzene 447 357 90
4-methyl-7-dimethylaminocoumarin 416 325 91
hexabromobenzene 600 508 92
pentachloroaniline 505 413 92
cyclohexylfluoride 273 181 92
tetrakis(methylthia)methane 339 247 92
5-hydroxy-6-methylquinoline 503 411 92
dimethyisulfone 382 289 93
2,5-dichlorohexane 293 199 9
4-hydroxy-2-methylquinoline 505 411 94
cyclobutene 275 180 95
pentamethylchlorobenzene 427 332 95
2,5-dimethyl-2,4-hexadiene 288 193 95
3-pyridinecarboxylic acid 510 414 96
4-methoxy-4'-butoxy-trans-stilbene 442 345 97
fluoropentachloroethane 374 217 97
trans-stilbene 398 300 98
perfluoro-1,3-cyclohexadiene 336 238 98
4-aminopyridine 432 331 101
5-hydroxyquinoline 497 396 101
2-aminophenol 447 346 101
2-methylquinoxaline 454 353 101
1-methylchrysene 530 428 102
p-triphenyl 487 385 102
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Compound Tn(K) Twm(K) Error
exp. pred.
2,2'-difluorobiphenyl 392 288 104
2,3-dibromo-7,8-dichlorodibenzodioxin 591 486 105
7-hydroxy-6-methylquinoline 517 411 106
7-hydroxyisoquinoline 503 396 107
dimethyiterephthalate 414 307 107
4-methyl-7-aminocoumarin 500 392 108
1,3-dimethyl-tetrabromobenzene 521 413 108
bornyichloride 405 297 108
4-chlorocoumarin 438 330 108
5-hydroxy-2-methylquinoline 520 411 109
2,8-dimethyl-4-hydroxyquinoline 534 425 109
tetramethylsuccinonitrile 442 332 110
5-hydroxycoumarin 500 389 111
2-chloroanthracene 488 375 113
pentachlorotoluene 497 384 113
2,2',6,6'-tetrachlorobiphenyl 471 358 113
7-hydroxycoumarin 504 389 115
4-hydroxycoumarin 505 389 116
4,4'-diiodobenzophenone 512 396 116
7-hydroxyquinoline 512 396 116
trans,trans,trans-2,4,6-octatriene 325 209 116
2,2-bis(bromomethyl)-1,3-dibromopropane 434 317 117
cis-1,3-dibromocyclohexane 385 268 117
1,2,3,4-tetramethyl-5,6-dichlorobenzene 466 346 120
2-methylanthracene 482 361 121
2,3-dimethylanthracene 525 404 121
v-1,2,3,4,5,6-hexachlorocyclohexane 386 264 122
1,2-dimethyl-tetrabromobenzene 535 413 122
3,6-dimethyl-1,4-dioxane-2,5-dione 398 276 122
2,4,5,6-tetrachloro-m-xylene 494 372 122
1,5-dinitroanthraquinone 695 573 122
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Compound Ta(K) Tn(K) Error
exp. pred.
1,3,5,7-octatetracne 323 200 123
5-hydroxy-8-methylquinoline 535 411 124
7-chloro-4-hydroxyquinoline 551 426 125
2,6-dimethyl-4-hydroxyquinoline 552 425 127
2,6-dinitronaphthalene 551 423 128
picene 641 510 131
p-quaterphenyl 587 456 131
pentabromotoluene 561 429 132
6-hydroxycoumarin 523 389 134
chlorofluoromethane 264 127 137
1,1,2,3,4,4-hexachlorobutane 383 244 139
6-methylquinoxaline 492 353 139
dimethylfumarate 375 234 141
4-pyridinecarboxylic acid 592 445 147
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Compound Tn(K) Tn(K) Eror
exp. pred.
myricetin 630 795  -165
narceine 411 571 -160
diresourcinol 583 699 -116
atranorin 468 575  -107
allylestrenol 353 455 -102
hexachlorophene 437 536 -99
I-caprochlorone 383 480 97
methoxypromazine 319 415 -96
benzobromarone 424 512 -88
buphanamine 457 542 -85
zingerone 313 389 -76
N,N,N',N'-tetraethylphthalamide 312 383 -71
ethacridine 499 569 -70
aceperone 372 440 -68
B-citraurin 420 488 -68
ketoprophen 367 427 -60
3,3'4',5-tetrachlorosalicylanilide 434 494 -60
otobain 410 467 -57
kheilin 427 484 -57
adrenoglomerulotropin 423 479 -56
metopon 517 573 -56
naptalam 476 528 -52
isoproterenol 429 480 -51
clotrimazole 421 471 -50
nifedipine 446 495 -49
1-o-hydroxycholecalciferol 410 458 -48
sulphonmethane 398 443 -45
xanthoxylin 355 397 42
uvinuld49* 413 449 -36
ethamivan 369 401 -32
4-amino-4'-methoxydiphenylamine 375 406 -31
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Compound Tn(K) Tn(K) Error
exp. pred.
2,2'-dichlorobenzidine 438 463 -25
durohydroquinone 506 527 21
2,6-diiodo-4-nitrophenol 430 448 -18
sebacil 313 327 -14
sebacoin 315 327 -12
4-amino-3,5,6-trichloropicolinicacid 492 498 -6
stringaldehyde 386 391 -5
laxilal 423 428 -5
p-coumaricacid 484 489 -5
naproxen 428 431 -3
abrine 495 498 -3
menadione 379 381 -2
rolicyprine 418 417 1
molindone 453 451 2
rimiterol 476 468 8
xanthone 447 436 11
phenanthrequinone 480 468 12
kinetin 539 527 12
styreneglycol 340 325 15
nitroxoline 454 439 15
bupivacaine 380 358 22
D-ribulose 442 416 26
hetolin 487 456 31
tetrachloroisophthalonitrile 519 486 33
dimestrol 397 363 34
tribromophenylsalicylate 468 430 38
tribromosalan 501 461 40
tipepidine 338 294 4
L-lacticacid 326 275 51
aspartame 520 459 61
camphene 324 261 63
scopoline 381 299 82
pseudotropine 382 285 97
4-(triphenylmethyl)-morpholine 459 361 98
hydroxycamphor 478 376 102
viloxazine 459 350 109
etafedrin 456 297 159
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Compound T & ZASuy (J/Kmol) SAH, - (J/mol)
exp. pred. err. exp. pred. err.
1,1,1,3-tetrachloropropane 1.0 3.34 54 52 2 12871 16482 -3611
1,1,1-trifluoro-3,3- 1.0 330 57 49 8 10354 13009 -2655
dichloropropane
1,1,1-trifluoro-3- 10 346 55 48 7 9790 14464 -4674
chloropropane
1,1,1-trifluoroethane 00 248 40 38 2 6498 4945 1553
1,1,2,2-tetrachloroethane 1.0 268 42 48 -6 9788 10203 -415
1,1,4,4,10,10,13,13- 00 296 62 65 -3 27331 23968 3363
octamethylcyclooctadecane
1,1-dimethylcyclohexane 00 260 47 45 2 11386 10131 1255
1,1-dimethylcyclopentane 0.0 248 45 42 3 9264 7184 2080
1,1-diphenyldodecane 11.0 4.72 148 143 5 41644 35131 6513
1,2,3.4,5,6,7,8- 00 330 61 57 4 20942 21898 -956
octahydroanthracene
1,2,3,4-tetraflorobenzene 00 290 69 S1 18 16121 12096 4025
1,2,3,5-tetramethylbenzene 0.0 2.76 52 47 5 12948 11868 1080
1,2,3,6,7,8- 00 312 70 66 4 28673 23611 5062
hexahydropyrene
1,2,3-trimethylbenzene 00 278 42 43 -] 10378 11921 -1543
1,2 4-trimethylbenzene 00 288 58 47 11 13183 1768 1415
1,2-benzofluorene 00 372 49 59 -i0 22780 32788 -10008
1,2-diamino-2- 1.0 268 74 60 14 18910 11633 7277
methylpropane
1,2-diaminoethane 10 3.02 82 65 17 23318 15984 7334
1,2-diaminopropane 1.0 280 78 S9 19 18493 11580 6913
1,2-dibromoethane 1.0 316 46 52 -6 13145 17137 -3992
1,2-dichloro-1,1,2,2- 1.0 278 39 45 -6 7034 8364 -1330
tetrafluoroethane
1,2-dichloroethane 1.0 298 53 52 1 12593 13106 -513
1,2-dimethylbenzene 00 270 53 47 6 13092 11259 1833
1,3,5-trimethylbenzene 00 282 42 42 0 9496 11265 -1769
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Compound T €& ZASnq(J/Kmol) TAH . (J/mol)
exp. pred. err. exp. pred. err.

1,3,5-trinitrobenzene 00 304 44 51 -7 16745 21463 -4718
1,3-diflorobenzene 00 292 46 42 4 9484 10711 -1227
1,3-dihydroxybenzene 00 276 58 S8 0 22311 19211 3100
1,3-dimethylbenzene 00 288 53 45 8 12014 11568 446
1,3-dithiane 00 250 47 49 -2 15215 14151 1064
1,4-butanedinitrile 30 334 38 62 -24 12503 21526 -9023
1,4-cyclohexadiene 00 308 30 39 -9 6675 13244 -6569
1,4-diazabicyclo[2.2.2] 00 234 47 56 -9 20455 18819 1636
octane
1,4-dichlorobenzene 00 324 61 55 6 19920 20232 -312
1,4-dioxane 00 272 54 50 4 15285 13527 1758
1-bromo2-chloroethane 1.0 3.04 55 53 2 13974 14699 -725
cis-1,2- 00 248 55 46 9 12310 8262 4048
dimethylcyclohexane
cis-1,2-dimethylcyclopentane 0.0 250 55 45 10 12034 8252 3782
1-decene 65 442 107 94 13 22108 27146 -5038
1-dodecene 85 486 105 108 -3 25014 34686 -9672
1-heptene 35 374 83 65 18 12715 16021 -3306
1-hexadecanol 140 582 178 179 -1 57337 54595 2742
Imethylnaphthalene 00 292 49 45 4 11980 12956 -976
l1-nonene 55 420 104 86 18 19990 23462 -3472
1-pentadecanol 130 564 171 170 1 54063 51078 2985
1-propanethiol 1.0 302 62 48 14 9949 9256 693
lundecene 75 464 118 105 13 26499 30905 -4406
2,2,3,3-tetramethylbutane 0.0 242 33 46 -13 12442 16057 -3615
2,2,3,3-tetramethylpentane 1.0 2.70 51 53 -2 13374 12074 1300
2,2,3-trimethylbutane 00 252 29 39 -10 7075 9887 -2812
2,2,4,4,-tetramethylpentan- 0.0 264 30 42 -I2 9605 14964 -5359
3-ol
2,2,5,5-tetramethylhex-3- 0.0 298 61 51 10 16417 14801 1616
ene

00 278 42 43 -] 9955 11509 -1554

2,2-dichloropropane
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Compound T & ZASng (/Kmol) ZAH,r (J/mol)
exp. pred. err. exp. pred. err.
2,2-dicyanopropane 00 258 46 48 -2 14076 13567 509
2,2-dimethyl-1,3- 20 290 55 69 -14 21810 21129 681
propanediol
2,2-dimethyl-1-propanol 0.0 262 31 43 -12 10043 14965 -4922
2,2-dimethylbutane 00 2.64 47 41 6 8146 6687 1459
2,2dimethylpentane 1.0 290 39 43 4 5847 7666 -1819
2,2-dimethylpropanal 00 238 39 44 -5 10574 10287 287
2,2-dimethylpropanoicacid 0.0 232 39 45 -6 12065 11710 355
2,2-dimethylpropionitrile = 0.0 252 41 45 4 11874 12333 -459
2,2-dinitropropane 00 260 57 54 3 18639 14789 3850
2,3dimethyl-2-butene 00 258 50 43 7 10018 7666 2352
2,3dimethylbutane 10 264 53 45 8 7720 5154 2566
2,3-dimethylnaphthalene 00 3.10 51 55 -4 19388 21921 -2533
2,4,5-trinitrotoluene 00 278 8 70 14 31601 18941 12660
2-amino-2-methyl-1,3- 20 294 80 80 0 30682 20761 9921
propanediol
2-bromonaphthalene 00 336 62 56 6 20352 21732 -1380
2-bromothiophene 00 300 39 40 -l 7941 11460 -3519
2-chloro-2-nitropropane 00 264 60 49 11 15071 11023 4048
2-cyanobicyclo[2.2.1] 0.0 290 43 47 -4 12954 15819 -2865
heptane (exo)
2-hydroxymethyl-2- 30 282 77 92 -15 36002 24539 11463
methyl-1,3-propanediol
2-methyl-2-aminopropane 0.0 238 35 39 4 7306 6626 680
2-methyl-2-butanethiol 1.0 270 54 47 7 9098 6978 2120
2-methyl-2-butanol 10 274 31 46 -I5 8213 12546 -4333
2-methyl-2-nitro-1,3- 25 258 82 88 -6 34946 19998 14948
propanediol
2-methyl-2-nitro-1- 15 276 66 69 -3 23862 17936 5926
propanol
2-methylbicyclo[2.2.1] 00 252 37 43 -6 10197 11626 -1429

heptane (endo)
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Compound T € ZASpg(J/Kmol) TAH,, « (J/mol)
exp. pred. err. exp. pred. err.
2-methylnaphthalene 00 322 59 53 6 18105 19074 -969
2-propanethiol 00 246 41 38 3 5801 3812 1989
3,3dimethyl-1-butene 00 266 42 39 3 6608 6122 486
3,3-dimethylpentane 20 290 55 51 4 7687 7064 623
3-hexanone 25 344 67 62 5 14523 16406 -1883
3-methyl-2-butanethiol 10 262 63 47 16 9212 5122 4090
3-nitrophenol 00 310 54 56 -2 20154 21368 -1214
3-oxabicyclo[3.2.2]nonane 0.0 232 49 58 -9 22154 19467 2687
3-pentanone 1.5 320 51 53 -2 11850 14970 -3120
4methylphenanthrene 00 326 44 48 4 14138 20453 -6315
4-n-pentanoyl-4-n'- 60 504 89 107 -18 34563 45500 -10937
ethanoyloxyazobenzene
S-nonanone 55 414 96 93 3 25837 27102 -1265
anthracene 00 344 59 67 -8 28921 31301 -2380
azobis(t-butane) 00 298 60 50 10 15490 14314 1176
bicyclohexyl 00 3.14 56 50 6 15567 16765 -1198
bicyclo[2.2.2]octane 00 232 46 S6 -10 20714 19360 1354
bicyclopentadiene 00 282 46 48 -2 14061 15373 -1312
biphenyl 00 346 58 55 3 19894 23492 -3598
butanoic acid 1.5 298 48 55 -7 12944 14805 -1861
chlorocyclopentane 00 266 49 41 8 8748 7217 1531
ciscycloheptene 00 252 42 42 0 9157 8201 956
cishexahydroindan 00 272 53 46 7 12624 10933 1691
cis-perfluorodecalin 0.0 2.78 57 49 8 15165 13086 2079
cubane 00 260 38 SO -12 15418 19118 -3700
cyanoacetamide 05 310 59 62 -3 23029 22333 696
cyanoethene 00 302 40 40 0 7614 10826 -3212
cyclobutane 00 244 45 41 4 8208 5786 2422
cycloheptane 00 246 48 46 2 12410 10160 2250
cyclohexane 00 252 45 46 -1 12676 11692 984
cyclohexanol 00 272 75 S8 17 22276 14217 8059
cyclohexanone 00 252 45 4 1 10944 9807 1137
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2

Compound T € ZASpr (J/Kmol) ZAH,, ¢ (J/mol)
exp. pred. err. exp. pred. err.
cyclohexeneoxide 00 254 54 46 8 12824 9547 3277
cyclohexylcyanide 00 298 47 47 0 13466 15772 -2306
cyclooctane 00 256 49 48 I 14039 12393 1646
cyclopentane 00 234 46 41 b 8224 4882 3342
cyclopentene 00 242 35 36 -l 4830 3239 1591
cyclopentylamine 00 266 46 41 5 8807 7854 953
cyclopentylmethylsuifide 05 294 60 46 14 10150 8990 1160
d-valerolactone 00 266 46 46 0 12204 11776 428
diadamantane 00 208 48 62 -14 24838 21742 3096
dibenzyl 20 38 78 73 5 25369 26788 -1419
dicyanomethane 00 326 S50 50 0 15326 19274 -3948
dotriacontane 29.0 844 345 338 7 118369 110490 7879
eicosane 170 6.38 230 213 17 71238 64078 7160
ethanol 00 274 36 37 -l 5756 6755 -999
fluorene 00 350 50 55 -5 19640 26320 -6680
furan 00 274 34 38 4 6363 8427 -2064
glutaric acid 30 320 63 76 -13 23518 22461 1057
glycolide 00 276 47 52 -5 16884 17749 -865
heptadecane 140 582 174 172 2 51330 53060 -1730
heptadecanoic acid 145 582 176 184 -8 58900 55312 3588
heptanoic acid 45 374 67 77 -10 17846 22087 -4241
hexachloroethane 00 246 55 62 -7 25135 21066 4069
hexacosane 230 744 287 275 12 94456 86669 7787
hexafluoroethane 00 254 51 41 10 8906 5990 2916
hexamethylbenzene 00 256 52 59 -7 22645 20720 1925
methanithiol 00 252 41 38 3 6146 4570 1576
methylenecyclobutane 00 270 42 38 4 5766 5361 405
n-butane 10 296 54 45 9 7250 7337 -87
neopentane 00 234 31 40 9 7890 9092 -1202
n-nonane 60 416 99 91 8 22064 24743 -2679
nonadecane 160 6.20 202 196 6 61610 60267 1343
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Compound t & ZASp.(J/Kmol) ZAHq . (J/mol)
exp. pred. err. exp. pred. err.
nonadecanoic acid 165 620 196 205 -9 66875 62407 4468
octacosane 25.0 7.78 300 294 6 100200 94451 5749
octanedioic acid 6.0 4.18 92 112 -20 38405 35457 2948
o-triphenyl 05 304 52 S5 -3 17108 18705 -1597
p-diacetylbenzene 95 384 80 115 -35 26157 26660 -503
diethylketal
pentadecanoic acid 125 546 153 162 -9 49822 48782 1040
pentafluoroaniline 00 280 60 54 6 - 18475 15401 3074
pentafluorochlorobenzene 0.0 292 56 48 8 14291 13737 554
pentafluorochloroethane 00 266 44 40 4 7568 6951 617
pentafluorophenol 00 280 48 49 -l 14674 15182 -508
pentamethylbenzene 00 266 43 48 -5 14104 15379 -1275
perfluorobicyclo[4.4.0] 00 286 48 46 2 12725 13571 -846
dec-1,6-diene
perfluoroheptane 40 352 68 71 -3 15151 17444 -2293
perfluoromethyl 20 290 92 58 34 13726 7576 6150
diethylamine
perfluoropiperidine 00 260 62 52 10 17030 11920 5110
perfluoropropane 00 3.16 40 36 4 4967 8700 -3733
perfluorotriethylamine 40 268 43 61 -I8 6667 6146 521
perylene 00 310 58 70 -12 31859 31268 591
phenanthrene 00 338 45 51 -6 16777 24246 -7469
phenanthridine 00 340 60 59 1 22850 24805 -1955
pimelic acid 50 396 77 94 -17 28984 30703 -1719
p-n-hexyloxybenzylidene- 7.0 544 88 106 -18 29359 48811 -19452
amino-p'-benzonitrile
p-n-hexyloxybenzylidene- 7.0 520 99 109 -10 31774 44477 -12703
aniline
p-n-hexyloxybenzylidene- 7.0 534 91 107 -16 30324 47373 -17049
p-toluidine
propane 00 270 41 35 6 3502 2363 1139
propionitrile 00 290 37 39 -2 6738 9188 -2450
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Compound T €& ZASp« (J/Kmol) TAH, (J/mol)
exp. pred. err. exp. pred. err.
propylbenzene 1.5 332 53 50 3 9238 12762 -3524
pyrene 00 324 43 53 -10 18390 25697 -7307
pyrrolidine 00 238 42 42 0 9139 7083 2056
quadricyclane 00 236 45 43 2 10214 7713 2501
triazine 00 264 41 49 -8 14584 16691 -2107
tert-butylmercaptan 00 240 45 46 -1 12312 10477 1835
tetrabromomethane 00 242 29 44 -15 10700 15574 -4874
tetrachloroethene 00 272 50 46 4 12450 11638 812
tetradecane 11.0 5.24 154 147 7 44564 43120 1444
tetrakis(methylthia)ymethan 0.0 2.86 57 54 3 19204 17619 1585
e
tetramethylsuccinic acid 20 256 49 70 -21 22847 22092 755
tetrazole 00 244 42 53 -11 18043 19294 -1251
thiacyclobutane 00 248 45 42 3 9003 6975 2028
thiacyclohexane 00 252 46 47 -1 13510 12292 1218
thiophene 00 266 45 44 1 10615 10382 233
transdecalin 00 284 50 45 5 11523 11504 19
trans-stilbene 1.0 396 69 70 -1 27382 31799 -4417
triacontane 270 8.12 314 312 2 106420 102443 3977
tridecane 100 5.02 137 131 6 36582 38900 -2318
tridecanoic acid 10.5 504 135 142 -7 42676 41528 1148
tridecanolactone 05 300 93 68 25 27832 16700 11132
triphenylene 00 3.12 53 61 -8 24728 27082 -2354
tri-tert-butylmethanol 00 236 33 46 -I13 12799 16634 -3835
undecane 80 460 114 110 4 28173 31862 -3689
undecanoic acid 85 430 114 120 -6 34443 30704 3739
undecanolactone 45 376 59 75 -16 16298 22925 -6627
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APPENDIX D: COMPOUNDS FROM THE MELTING POINT TRAINING SET

WITH ENTHALPY OF MELTING AND ENTROPY OF MELTING DATA.

Compound

1,1,1,2-tetrachlorodifluoroethane
1,1,1-trichloro-3,3,3,-trifluroropropane
1,1,1-trichloroethane
1,1,2,2-tetrachloro-1,2-difluoroethane
1,1-dichloroethene
1,2,3,4-tetrahydroanthracene
1,2,3,4-tetrahydroquinoline

1,2,3 4-tetramethylbenzene
1,2,3-trihydroxypropane
1,2,4,5-tetrachlorobenzene
1,2,4,5-tetramethylbenzene
1,2-butadiene
1,2-dibromobenzene
1,2-dibromotetrafluoroethane
1,2-dichlorobenzene
1,2-dicyanobenzene
1,2-diflorobenzene
1,2-difluoro-1-chloroethane
1,2-difluoro-2,2-dichloroethane
1,2-dihydroxybenzene
1,2-dihydroxyethane
1,2-diiodobenzene
1,2-dinitrobenzene
1,2-pentadiene
1,2-phenylenediamine
1,3,5-trifluoro-2,4,6-trichlorobenzene
1,3-butadiene
1,3-cyclohexadiene
1,3-dibromobenzene
1,3-dichlorobenzene
1,3-dicyanopropane

ASp, AH,,
(J/Kmol) (J/mol)
13 3990
60 14067
43 9840
12 3697
43 6514
59 22078
41 11813
42 11230
63 18303
60 24940
59 20880
51 6961
49 13587
43 7037
51 12922
48 20000
49 11046
19 2686
50 8192
58 22000
38 9958
48 14079
59 22840
56 7559
62 23100
59 19830
49 7984
26 4205
53 14225
51 12590
52 12585



' APPENDIX D - continued

Compound ASy, AH,,
(J/Kmol) (J/mol)
1,3-diiodobenzene 52 15943
1,3-dinitrobenzene 48 17350
1,3-pentadiene 39 7144
1,3-phenylenediamine 46 15400
1,4-butanediol 64 18700
1,4-dibromobenzene 56 20040
1,4-dihydroxybenzene 59 26500
1,4-diiodobenzene 56 22340
1,4-dimethylbenzene 60 17117
1,4-dinitrobenzene 63 28120
1,4-pentadiene 49 6073
1,4-phenylenediamine 60 24900
1,5-pentanediol 63 15728
1,8-dimethylnaphthalene 47 15763
1-bromobutane 58 9234
1-bromohexane 96 18054
1-bromopentane 78 14364
1-butanol 50 9280
1-butene 44 3848
1-butyne 41 6029
1-chloro-1,1,3,3,3,-pentafluroropropane 63 10473
cis-1,3-dimethylcyclohexane 55 10820
cis-1,4-dimethylcyclohexane 50 9307
1-heptanethiol 110 25384
1-heptanol 76 18175
1-hexanal 62 13330
1-hexanethiol 94 18012
1-hexene 70 9350
1-methyl-7-isopropylphenanthrene 49 18030
1-octene 89 15300
1-pentanethiol 89 17531
1-pentene 55 5937
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APPENDIX D - continued

Compound ASp AH,
(J/Kmol) (J/mol)
1-propanol 36 5372
trans-1,2-dimethylcyclohexane - 57 10492
trans-1,3-dimethylcyclohexane 54 9866
trans-1,3-dimethylcyclopentane 53 7398
trans-1,4-dimethylcyclohexane 52 12331
2-(trifluromethoxy)-2,2-difluoromethylacetate 51 8510
2,2,4-trimethytlpentane 56 9211
2,2-bis-(bromomethyl)-1,3-dibromopropane 65 27966
2,3,4,5,6-pentafluorotoluene 54 13280
2,3,4-trimethylpentane 57 9268
2,3-benzofluorene 48 23400
2,3-dibromophenol 46 15000
2,3-dichlorophenol 65 21363
2,3-dimethylphenol 61 21024
2,3-dinitrophenol 63 26239
2,4,4-trimethyl- 1-pentene 49 8765
2,4,6-trinitro-n-(methylnitro)-m-toluidine 52 19330
2,4 6-trinitrophenol 43 17100
2,4-dichlorophenol 88 28410
2,4-dimethyl-3-thiapentane 53 10414
2,4dimethylpentane 45 6845
2,4-dinitrophenol 62 24174
2,4-dinitrotoluene 61 20900
2,5,8,11-tetraoxadodecane 103 23715
2,5-dichlorophenol 68 22434
2,5-dimethylphenol 67 23376
2,5-dimethylpyrrole 33 9298
2,5-dimethylthiophene 39 8191
2,5-dinitrophenol 62 23730
2,6-dichlorophenol 65 22141
2,6-dimethylnaphthalene 65 25057

2,6-dimethylphenol 59 18897



APPENDIX D - continued

Compound ASp AH,,
(J/Kmol) (J/mol)
2,6-dinitrophenol 58 19577
2,7-dimethylnaphthalene 63 23351
2-aminobenzoic acid 49 20380
2-aminobiphenyl 43 13987
2-bromo2-chloro-1,1, I -trifluoroethane 31 4840
2-bromobutane 39 8660
2-bromoiodobenzene 53 14441
2-bromopropane 36 6530
2-butanol 34 6000
2-butyne 38 9235
2-chloro-2-methylpropane 47 9828
2-chloro-6-(trichloromethyl)-pyridine 60 20300
2-chloro-9-(3-dimethylamino-propylidene)-10-thioxane 75 27850
2-chlorobenzoic acid 62 25730
2-chlorobiphenyl 48 14518
2-chlorobromobenzene 48 12368
2-chloronaphthalene 42 14004
2-chlorophenol 4 12523
2-chlorothiophene 45 8966
2-fluorotoluene 46 9800
2-hexanone 68 14900
2-hydroxypropanoic acid 39 11340
2-methoxy-2-methylpropane 46 7600
2-methyl-1,3-butadiene 39 4925
2-methyl-1-propanethiol 39 4982
2-methyl-1-propanol 37 6322
2-methyl-2-butene 54 7579
2-methylbicyclo2,2,1heptane (exo) 51 8382
2-methyldecane 112 25087
2-methylfuran 47 8552
2-methylheptane 73 11920
2-methylhexane 59 9184
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APPENDIX D - continued

Compound

2-methylnonane
2-methylphenol
2-methylpropane
2-methylpropene
2-methylpyridine
2-methylthiazole
2-methylthiolane
2-methylthiophene
2-nitroaniline
2-nitrobenzoic acid
2-nitrophenol
2-octanone

2-pentanone
2-piperidone

2-propanol

2-thiahexane
2-thiapentane
3,3-bis-(chloromethyl)-oxacyclobutane
3,3-dimethyl-2-butanone
3,3-dimethyl-2-thiabutane
3,4-dichlorophenol
3.4-dimethylphenol
3,4-dinitrophenol
3,5-dichlorophenol
3,5-dimethylphenol
3,6-dimethyl-1,4-dioxane-2,5-dione
3-aminobenzoic acid
3-aminophenol
3-bromoiodobenzene
3-chlorobenzoic acid
3-chlorobromobenzene
3-ethylpentane

ASp AHp,
(J/Kmol) (J/mol)
88 17489
49 14800
40 4540
45 5920
47 9724
49 12163
51 8876
54 11142
47 16110
67 27990
55 17446
97 24419
54 10623
34 10502
29 5410
71 12452
62 9912
58 16944
51 11330
44 8414
61 20927
54 18127
62 25376
60 20509
53 17997
62 24700
48 21840
63 24700
46 12192
56 23850
49 12288
61 9460
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APPENDIX D - continued

Compound

3-fluorotoluene
3-methyl-1,2-butadiene
3-methyl-1-butanethiol
3-methyl-1-butene
3-methyl-2-butanone
3-methyl-2-thiabutane
3-methylbenzoic acid
3-methylheptane
3-methylnonane
3-methylpentane
3-methylpyridine
3-methylthiolane
3-nitroaniline

3-nitrobenzoic acid
3-thiolpropanoic acid
4,4'-dichlorodiphenylsulphone
4,4'-diphenylmethanediisocyanate
4-aminobenzoic acid
4-bromoiodobenzene
4-bromophenol
4-chlorobromobenzene
4-chlorophenol
4-fluorotoluene
4-methyl-7-diethylaminocoumarin
4-methyl-7-dimethylaminocoumarin
4-methyl-7-hydroxycoumarin
4-methylaniline
4-methylbenzoic acid
4-methylnonane
4-methylphenol
4-methylpyridine
4-nitroaniline

AS,, AHp,
(J/Kmol) (J/mol)
45 8300
50 7956
53 7406
51 5359
52 9343
55 9355
41 15730
77 11694
99 18698
48 5303
56 14180
54 10371
61 23600
52 21400
58 16974
58 24400
87 27300
45 20920
54 19614
49 16573
56 18760
45 14067
43 9351
46 17884
57 23915
63 29139
55 17300
50 22720
87 15188
41 12707
45 12577
50 21150
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APPENDIX D - continued

Compound ASp, AHy,
(J/Kmol) (J/mol)
4-nitrochlorobenzene 33 11850
4-nitrotoluene 52 16811
4-octyl-4'-cyanobiphenyl 87 25700
4'-propylbiphenyl-4-carbonitrile 67 22700
4-thiaheptane 71 12142
5,6,7,8-tetrahydroquinoline 41 9072
5-methylnonane 89 16640
5-thianonane 98 19426
6-caprolactam 47 16096
7,8-benzoquinoline 43 14103
9,10-dihydroanthracene 62 23840
9,10-dihydrophenanthrene 42 12790
acenaphthene . 59 21462
acenaphthylene 19 6940
acetamide 44 15606
acetic acid 38 11126
acetonitrile - 47 10418
acetylacetone 57 14497
acridine 54 20682
acrylic acid 33 9510
alpha-naphthol 64 23470
aminomethane 34 6134
amylbutanoate 100 20010
aniline 40 10556
azobenzene : 65 22389
benzaldehyde 43 9320
benzene 33 9300
benzoic acid 4 17320
benzonitrile 42 10980
benzophenone 55 17669
benzothiazole 46 12782
benzothiophene 39 11819

benzotrichloride 59 13950



APPENDIX D - continued

Compound ASp, AHp,
(J/Kmol) (J/mol)
benzotrifluoride 56 13782
benzylalcohol 35 8970
B-naphthol 56 18790
B-propiolactone 39 9410
bromobenzene 4 10702
bromomethane 36 6452
bullvalene 42 15250
butanal 63 11104
butanone 45 8385
butyl-2-methylpropenoate 71 13947
butylacrylate 83 17307
butylbenzene 60 10979
butylbutanoate 82 14930
butylpentanoate 93 17600
carbazole 52 27200
carbonylchloride 39 5736
catperhydrophenanthrene 36 11155
chloroacetic acid 49 16296
chlorobenzene 42 9556
chlorodifluoromethane 37 4190
chloroethane 33 4452
chloroethylmethacryiate 72 17001
chloromethane 37 6431
chlorotrifluoromethane 48 5553
chroman 60 16255
cis-2-butene 54 7309
cis-2-hexene 67 8878
cis-2-pentene 58 7112
cst.-perhydrophenanthrene 38 10481
cyclohexene 63 10710
cyclohexylbenzene 54 15270
cyclohexylmercaptan 53 10000
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Compound

cycloocta-1,5-diene
cyclooctatraene
cyclopentadiene
cyclopentylmercaptan
cyclopropane
cyclopropylamine
decanoic acid
dibenzofuran
dibenzothiophene
dibutylsuccinate
dichloroacetic acid
diethylaminoethylmethacrylate
diethylether
diethyl-o-phthalate
diethylsulfide
dimethylamine
dimethylaminoethylmethacrylate
dimethyl-o-phthalate
dimethylsulfide
dimethylsulfone
dimethylsulfoxide
di-n-propylether
diphenylacetylene
diphenylcarbinol
diphenylmethane
diphenyloxide
ethylbenzene
ethylcyanoacetate
ethylcyclohexane
ethyl-n-propylether
ethyl-n-propylsulfide
florobenzene

ASp, AHp,
(J/Kmol) (I/mol)
48 9435
42 11274
45 8010
50 7831
37 5433
55 13183
97 29217
54 19294
58 21580
120 29211
43 12340
63 13080
47 7301
67 17984
70 11903
33 5941
71 16852
62 16945
46 7985
48 18301
49 14368
68 10770
62 20502
68 22995
62 21328
57 17216
52 9182
48 11780
51 8276
58 8395
68 10581
49 11305
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Compound ASp, AHp,
(J/Kmol) (J/mol)
fluoranthene 49 18728
fluorotrichloromethane 48 7900
furfural 61 14368
furfural alcohol 58 14811
Y-butyrolactone 42 9570
heptanal 103 23585
hexachlorobenzene 50 25180
hexaflorobenzene 42 11585
hexafluroropropanone 57 8383
hexylethanoate 94 19830
imidazole 35 12800
indan 39 8598
iodobenzene 40 9749
isochroman 60 16748
isopentane 45 5113
isopropylamine 41 7325
isopropylbenzene 41 7326
isopropylether 64 12035
isoquinoline 45 13544
methacrylic acid 28 8063
methoxybenzene 48 12890
methylal 50 8332
methylcyclohexane 46 6750
methyicyclopentane 53 6930
methyl-n-propylether 57 7670
methyl-n-propylether 69 10850
methylperflurobutanoate 62 11770
methylphenylsulfide 58 14836
methylpropenoate 49 9729
n-(2-hydroxy-4-methoxybenzylidene)-p-butylaniline 71 24405
n,n-dimethyl-1,3-propanediamine 64 12385
n-acetyl-d-leucineamide 50 20200
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Compound AS, AHp,
(J/Kmol) (J/mol)
n-acetyl-l-alanineamide 50 21700
naphthalene 54 19020
n-butylcyclohexane 71 14159
n-butylcyclopentane 69 11314
n-butylmercaptan 66 10460
n-decane 118 28700
n-heptane 77 14000
n-heptylcyclohexane 96 22225
n-hexane 74 13080
n-hexylalcohol 68 15380
nitrobenzene . 39 10815
n-methylcarbazole 47 17154
n-methylpyrrole 36 7825
n-octane 96 20740
nonanoic acid 93 25850
nonylacrylate 99 23362
norethindroneacetate 57 27300
n-pentane 59 8400
n-pentylalcohol 54 10502
n-p-ethoxybenzylidene-p'-butylaniline 89 27090
n-propylamine 58 10974
n-propylcyclohexane 58 10360
octafluorocyclobutane 12 2768
octafluorotoluene 55 11490
octanal 104 25860
octanoic acid 74 21380
octylmethacrylate 105 24085
o-hydroxyacetanilide 58 21250
o-hydroxybiphenyl 49 16213
p-benzoquinone 48 18450
pentachlorobenzene 56 20100

pentafluorobenzene 48 10853



APPENDIX D - continued

Compound ASy, AH,
(J/Kmol) (J/mol)
pentafluoronitrobenzene 47 11807
pentanoic acid 59 14162
pentaxane 66 21900
phenol 37 11514
phenylacetylene 42 9460
phenylaminoethylmethacrylate 86 25465
phenyl-o-tolylmethane 69 19241
phenylpropionic acid 48 15564
piperidine 57 14854
propene 34 3003
propyleneoxide 41 6569
pyrazole 41 13800
pyridine 36 8279
quinoline 42 10799
sec-butylmercaptan 49 6477
spiropentane 39 6433
styrene 45 10964
tat.-perhydrophenanthrene 42 11832
tetrachloromethane 31 7193
tetrafluoroethene 54 7715
tetrafluoromethane 30 2421
tetrahydrofuran 52 8540
tetralin 52 12447
tetramethylsuccinonitrile 69 25250
tetroxane 59 22600
thiacyclopentane 42 7352
thiazole 40 9590
thiophenol 4 11447
toluene 37 6636
trans,trans-4'-propylbicyclohexyl-4-carbonitrile 82 27000
trans-2-butene 58 9757
trans-2-pentene 63 8352
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APPENDIX D - continued

Compound ASp, AH;,
(J/Kmol) (J/mol)
trans-3-chloro-2-butenoic acid 57 20710
trans-azobenzene 66 22520
trans-hexahydroindan 51 10905
trans-perfluorodecalin 61 17962
triacetin 94 25800
trichloroacetic acid 18 5898
trichloroethene 45 8450
trifluoroacetonitrile 39 4871
trifluoroacetylfluoride 43 4870
trifluoromethane 34 4058
trifluoromethanethiol 42 4925
trimethylamine 42 6544
triphenylchloromethane 74 27900
triphenylmethane 60 21979

vinylchloride 41 4916
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