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ABSTRACT 

Aqueous solubility, vapor pressure, and HenrYs law constant are among the most 

important properties for the environmental assessment of an organic pollutant. In this 

dissertation a simple scheme is developed that allows for the calculation of the above 

properties directly from chemical structural information and the knowledge of a single 

transition temperature (melting point or boiling point). This work introduces 

AQUAFAC (AQUeous Functional group Activity Coefficients), a simple group 

contribution approach for estimating aqueous activity coefficients. Also presented is a 

thermodynamically sound equation for estimating pure component vapor pressures. The 

utilization of the vapor pressure equation, and AQUAFAC, gives a convenient means by 

which to estimate HenrYs law constants. In addition, a new method is presented for the 

calculation of either the boiling point or the melting point of an organic compound from 

a simple atom count and a knowledge of the other value. 
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INTRODUCTION 

In todays society, it is imperative that we understand how an organic pollutant will 

behave in the environment. This is especially true for new chemical entities, which are 

now being synthesized at an unprecedented rate. To gain an understanding of how these 

new compounds will behave in the environment it is necessary to estimate their 

environmentally relevant physical chemical properties. 

Aqueous solubility, vapor pressure and Henry's Law constant are among the most 

important properties for environmental assessment. While many quantitative structure

property relationships have been proposed to estimate these properties, there is no 

single, self-consistent system Most estimation methods are correlations of experimental 

data with various molecular descriptors. As a result, the derived values for the molecular 

descriptors are only applicable to a single physical property (e.g., solubility or Henry's 

law constant). Furthermore, they are frequently only applicable to a limited series of 

compounds (e.g., polycyclic aromatics or simple alkanes). 

While these estimation methods have been extremely valuable to the environmental 

researcher, it is desirable to estimate aqueous solubilities, vapor pressures and Henry's 

law constants from a single set of parameters or properties in a thermodynamically 

sound manner. This dissertation derives a simple, self-consistent scheme for calculating 

the above properties directly from the knowledge of transition temperatures and 

chemical structure. All of the methods and group contributions developed in this study 

are internally compatible as well as being compatible with the UPPER (Unified Physical 

Property Estimation Relationships) scheme developed by Yalkowsky et a1. (1994). 
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The overall scheme developed in this dissertation is given in Figure 1. 1. The schematic 

illustrates how each of the environmentally relevant properties can be estimated from the 

knowledge of structure and experimental transition temperatures. The calculations of 

each of the properties are described in the following chapters. 

Chapter 2 defines the ideal solubility of organic solutes. The ideal solubility of solids and 

gases are shown to be dependent on transition temperatures, entropies and heat capacity 

changes. Simple methods are given to estimate the latter two transition properties. For 

real solutions it is shown that the ideal solubility must be used in conjunction with an 

activity coefficient. 

Chapter 3 introduces AQUAFAC (AQUeous Functional group Activity Coefficients), a 

new group contribution approach for estimation the aqueous activity coefficients of 

organic compounds. This chapter is devoted to the development of the methods used in 

the AQUAFAC model. Group values for alkanes, polycyclic aromatic hydrocarbons and 

alkyl aromatics are given. 

Chapter 4 extends the AQUAFAC method to complex functional groups. In all, there 

are 44 group values and two proximity corrections that are derived. 

Chapter 5 shows how the AQUAFAC method can be combined with the ideal solubility 

of a solid to estimate aqueous solubilities. The new method is found to be more accurate 

than the general solubility equation which is based on the octanol/water partition 

coefficient. 
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Chapter 6 gives the theoretical basis of the Mishra and Yalkowsky ( 1991) vapor pressure 

equation. The equation is applied to a diverse set of environmentally relevant compounds 

and is shown to have a systematic error in the prediction of vapor pressure. To correct 

the equation, modifications are made to the entropy of boiling and heat capacity change 

upon boiling. The resulting equation is applicable to functionally diverse compounds as 

well as being able to estimate vapor pressure at different temperatures. 

Chapter 7 shows how the Henry's law constant can be estimated by simply combining 

the vapor pressure equation with the AQUAF AC method. 

Chapter 8 presents a new and simple means of calculating either the boiling point or the 

melting point from chemical structure and a knowledge of the other value. Although the 

equations presented are largely empirical, they are conceptually reasonable. The methods 

presented, which have no structural restrictions, are shown to be comparable in accuracy 

to other existing models. 

Chapter 9 validates the methods developed in the previous chapters through the use of 

an independent set of compounds. The predicted values are shown to be reasonable for 

all three of the physical properties considered. 
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CHAYfER2 

IDEAL AND REAL SOLUTIONS 

IDEAL SOLUBILITY OF LIQUIDS 

By definition, an ideal solution of liquids is one in which the mixing produces a randomly 

distributed solution of molecules without any net change in heat or volume, i.e., 

~mix = 0 

i1Vmix = 0 

(2.1) 

(2.2) 

Ideal solutions, or nearly ideal solutions, are formed between molecules that are similar 

in physical and chemical properties. More specifically, the molecules must be equal in 

size and the intermolecular forces between the different molecules must be nearly 

identical to the forces between similar molecules. A mixture of H20 and D20 is a good 

example of an ideal solution. 

From a thermodynamic standpoint, the dissolution process is governed by the Gibbs free 

energy, i1Gmix, which at constant temperature and pressure, is given by 

(2.3) 

where t1Hmix is the enthalpy of mixing, L\Smix is the entropy of mixing and T is the 

temperature. A negative i1Gmix will favor the mixing of the components. 
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Since it's heat of mixing is equal to zero, the free energy of mixing for an ideal solution is 

i1.Gmix = - T i1.Smix (2.4) 

As can be seen from Eq. (2.4) the driving force for mixing of an ideal solution is entirely 

due to the increase in entropy upon mixing. In fact, entropy always favors mixing. As a 

result, liquids which form ideal solutions are completely miscible in all proportions. 
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IDEAL SOLUBILITY OF SOLIDS 

For solid solutes, it is necessary to consider the effect of the crystalline structure on 

solubility. A solute molecule must first dissociate from this crystal lattice before it can go 

into solution. This dissociation from the crystalline lattice is accompanied by a free 

energy change. The more energy it takes to free a solute molecule from its crystaL the 

lower its solubility. 

For illustrative purposes, we can consider the dissolution of a solid solute as a two step 

process. The first process is the breakdown of the crystal into a liquid at the temperature 

of interest. This liquid is referred to as a hypothetical supercooled liquid. Then, the 

supercooled liquid can be mixed with the solvent. In the case of an ideal solution the two 

liquid phases will mix freely without excess heat or volume and the solubility will be 

dependent only upon the crystallinity of the solute. 

Hence, in order to calculate the solubility of a solid solute, it is necessary to determine 

the free energy necessary to produce a supercooled liquid at a given temperature 

(Prausnitz et aI., 1986). The molar i1G can be calculated by the thermodynamic cycle 

outlined in the enthalpy-temperature diagram in Figure 2.1. Although the direct 

calculation of free energy is not possible, it is possible to determined i1G through the 

corresponding enthalpy and entropy changes, i.e., 

IlG = M! - TM 
1-74 1-74 1-74 

(2.5) 
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FIGURE 2.1: Enthalpy-Temperature diagram of the steps necessary to make a 

hypothetical supercooled liquid of a solid solute at a given temperature T. 
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It is important to recognize that enthalpy and entropy are state functions that are path

independent. The overall free energy change can be calculated by summing the enthalpic 

and entropic changes through the thermodynamic path 1 ~2~3~4 as shown in 

Figure 2.1. 

The enthalpy change from 1~4, is 

t1H = 

1~4 

where 

T = 

Tm = 

Cp = 

+t1H 
m 

T 

f hsl 
+ Cp 

Tm 

3~4 

temperature of interest in Kelvin 

melting point of the compound in Kelvin 

the heat capacity of the solid 

(2.6) 

Cphsl = the heat capacity of the hypothetical supercooled liquid 

t1Hm = the enthalpy of melting at Tm 

If it is assumed that Cphsl and Cps are parallel functions of temperature from T to Tm 

then it is appropriate to define 

~Cp(/S) = Cphsl - Cp = constant (2.7) 

where ~cp(ls) is the heat capacity change for going from the solid to liquid state at any 

temperature. 



Incorporating Eq. (2.7) into Eq. (2.6) gives 

T 

f (Is) 
Mi = Mim + I1Cp 
1~4 

Which, on integration gives 

Mi = Mim + I1Cp(lS) (T - T mY 
1~4 

The corresponding entropy change for the cycle 1 ~2~3~4, is 

I1S = 

1~4 

Tm 

f C:s 

T 

1~2 

+ I1S m + 

where 118m is the entropy of melting at Tm. 

Incorporating Eq. (2.7) gives 

which on integration gives 

I1S = I1Sm + I1Cp(lS) In( T;z ) 
1~4 

24 

(2.8) 

(2.9) 

(2.10) 

(2.11) 

(2.12) 
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Substituting Eq. (2.9) and Eq. (2.12) into Eq. (2.5) and replacing ~Hn/Tm with ~Sm 

gives the following equation for the ideal solubility, of a solid solute, Xic,: 

10 X. c = _ M m( T m - T) _ ~Cp(ls) ( T m - T -In T m) 
g I 2.303RT 2.303R T T 

(2.13) 

Hence, in order to estimate the ideal solubility of a solid solute using Eq. (2.13) three 

different solute physical properties must be known, namely, T m' ~Sm and ~cp(ls). 

Unfortunately it is rare for all three of these quantities to be known for a given solute. 

Melting point is by far the most commonly available and the remaining variables are 

generally unknown. As a result, it is often necessary to make assumptions or estimations 

when using Eq. (2.13). The following discussion describes how each of the parameters 

will be handled when they are unknown for a given solute. 

Entropy of Melting 

The entropy of melting is primarily due to rotational and conformational factors and only 

slightly due to translational factors. When a compound melts there is only a slight 

expansion and therefore only a slight change in translational freedom of the molecules 

(water is one of a very few exceptions). This slight expansion enables the molecules to 

rotate more freely and allows the molecular bonds to twist, bend, and stretch more 

freely. The ability of bonds to bend and stretch are altered only slightly but the ability of 

bonds to twist is dramatically increased with melting. Therefore, both the rotational 

entropy and the conformational entropy are increased when a compound melts. 

The availability of entropy of melting data is limited. Of the 450 organic solids which will 

be used in the following chapters to determine aqueous activity coefficients, only 140 
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literature entropies of melting were found. The entropies of melting for these compounds 

are given in Appendix A, along with the melting points and references. For the remaining 

compounds it is necessary to estimate the entropies of fusion. 

Many structure-property relationships incorporate Walden's rule for the entropy of 

melting, .1 Sm. Walden's rule states that the entropy of melting for rigid organic 

molecules is constant at 13.5 calldeg mol. For many compounds Walden's rule gives a 

fair approximation. However, Tsakanikas and Yalkowsky (1988) have shown that for 

compounds with rotational symmetry or flexibility a modified version ofWalden's rule is 

more appropriate. They found that the entropy of melting could be more accurately 

described by, 

.1Sm = 13.5 - 4.6 log (0;) + 4.6Iog(¢) call deg mol (2.14) 

where cr is the rotational symmetry and cp describes the flexibility of the molecule. 

The rotational symmetry number is defined as the number of indistinguishable 

orientations of a compound in space. For example, chlorobenzene has a symmetry of 

two, whereas 1,4-dichlorobenzene has a symmetry of 4. The symmetry number used in 

this work will follow the definitions given by Dannenfelser et al. (1994). 

The molecular flexibility, cp, is a function of the total number of possible arrangements of 

a flexible molecule. If it is assumed that each dihedral angle in the molecule has three 

equally stable conformations then, for simple alkanes, <p can be described by, 

¢ = 3{1z-3) (2.15) 

where n is the total number of atoms .. For those compounds which do not have a 

significantly flexible portion (n <3) cp is taken to be unity. The entropies of melting for 



27 

each of the 140 compounds found in Appendix A were calculated using Eq. (2.14). The 

calculated entropies are given in the last column of Appendix A along with the 

symmetries, cr, and fiexibilities, cpo 

Heat Capacity Change Upon Melting 

There are currently no reliable methods for the calculation of the heat capacity change 

upon melting, L\Cp(ls). However there are two commonly used assumptions for the heat 

capacity change upon melting, L\Cp(ls). The first is that the L\Cp(ls) term is 

negligible, i.e, L\Cp(ls) = o. This simplifies Eq. (2.13) to 

(2.16) 

The alternative assumption is that L\Cp(ls) = L\Sm. Applying this assumption to Eq. 

(2.13) gives, 

10gX{ = - L\Sm In(L) 
2.303R Tm 

(2.17) 

Both Eq. (2.16) and (2.17) simplifY the ideal solubility equation by eliminating the need 

to know the heat capacity change upon melting. When T is close to T m' both equations 

are very similar in magnitude. However when (T m - T)/T is much greater than 1, the 

difference between the assumptions can become significant. 

Analysis of a large amount of L\Cp(ls) data from the literature (Chickos et aI., 1993b; 

Neau and Flynn, 1990; Tsonopoulos, 1970) reveals that the heat capacity change is 

usually somewhere between zero and the entropy of melting. As a result, Eq. (2.16) will 

tend to underestimate the ideal solubility, while Eq. (2.17) will slightly overestimate the 
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ideal solubility. Hence, the value of dCp(lS) does not rigorously follow either 

assumption. However, Yalkowsky and Mishra (Yalkowsky, 1981b; Mishra, 1988; 

Mishra et aI., 1992) have shown that Eq. (2.16) is slightly superior to Eq. (2.17) when 

compared to experimental solubilities. In addition, both assumptions were applied in the 

derivation and development of the AQUAFAC method (Chapters 3 and 4) and Eq. 

(2.16) gave slightly better results. Therefore, since Eq. (2.16) has been shown to be 

slightly more accurate, as well as being more convenient, it will be assumed that dCp(lS) 

=0. 

Effect of Solid-Solid Transitions on Ideal Solubility 

It is important to note that Eq. (2.13) only assumes one phase transition, i.e., that of the 

solid to the liquid. Some compounds have a solid-solid phase transition between the 

reference temperature, T, and the melting point, Tm. In order to accurately determine 

the ideal solubility of these compounds it is necessary to include the free energy of the 

solid-solid phase transitions. 

By analogy to the above (Eq. (2.13», the total Gibbs free energy for a compound which 

undergoes a first order phase transition is 

log X.c = I1S tr(T tr - T) _ dCp(ss) (T tr - T -In T tr) 
I 2.303RT 2.303R T T 

(2.18) 

where 

Ttr = solid-solid phase transition temperature 

dStr = entropy of the solid.-solid phase transition at Ttr 
I1Cp(ssj = heat capacity change upon going from crystal II to crystal I 
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D.Cp(/S) = heat capacity change upon going from crystal I to the liquid 

Consequently, if a compound undergoes a first-order solid-solid phase transition then an 

additional three properties (Ttr, D.Str, and D.Cp(ss» must be known in order to estimate 

the ideal solubility. (Lambda phase transitions are very rare and are not considered in this 

work. However the reader is directed to Choi and McLaughlin (1983) who have given a 

detailed discussion of the effect oflambda phase transitions on the ideal solubility.) 

Only 8 of the 140 compounds listed in Appendix A were found to have solid-solid phase 

transitions, Ttr, between 298K and Tm' These are indicated by (tr) to the right of the 

compound name. Also given in the same row are the temperature at which the transition 

occurs and the entropy of transition, D.Str. Note that hexachloroethane has two solid

solid phase transitions. Although solid-solid transitions are of theoretical significance to 

the ideal solubility, it is virtually impossible to determine a priori, from chemical 

structure, the temperature at which a transition will occur and the associated entropy and 

heat capacity changes. Fortunately, there are relatively few compounds which undergo 

solid-solid phase transitions and, of those compounds which do have solid-solid 

transitions, the magnitude of this transition entropy is generally small. Hence, it will be 

assumed that all first-order phase transitions can be ignored when calculating the ideal 

solubility of an organic solute. 

Estimation of Ideal Solubility 

From the above discussion it has been assumed that D.Cp(ls), D.Cp(ss) and D.Str are all 

equal to zero. Using these assumptions, Eq. (2.13) and Eq. (2.18) become 

log X/ = _ D.S m (T m - T) 
2.303RT 

(2.19) 



If ~Sm is not known it can be approximated by Eq. (2.14) giving, 

log X/ = _ [13.5 - 4.6 log( 0") + 4.6 log( ~)](T m - T) 
2.303RT 
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(2.20) 

Both Eq. (2.19) and Eq. (2.20) will be used in the following chapters to determine 

aqueous activity coefficients, aqueous solubilities and vapor pressures. 

It is important to emphasize that the ideal solubility is strictly a function of the pure 

crystal. It is assumed that the solvent does not effect the crystalline structure in any way 

to change the free energy. Thus, the ideal solubility as derived above is solvent 

independent. 
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IDEAL SOLUBILITY OF GASES 

The ideal solubility of a gas, Xig, is analogous to the ideal solubility of a solid solute. 

The only difference is that at the reference temperature, T, the solute is a gas. Therefore, 

instead of calculating the free energy it would take to make a solid into a hypothetical 

liquid, it is necessary to determine the free energy that it will take to make a gas into a 

hypothetical liquid at T. Once again this can be done through a thermodynamic cycle. 

The necessary steps include the cooling of the gas from T to the boiling point, Tb, the 

condensation of the gas to a liquid at Tb, and then the heating of the hypothetical liquid 

back to T. Solving for the free energy of the thermodynamic cycle, and assuming ideal 

mixing (no excess enthalpy or volume of mixing), gives 

log X.g = thlb(Tb - T) _ t1Cp<gl) (T - Tb -In L.) 
I 2.303RT 2.303R T Tb 

(2.21 ) 

where t1Cp(gl) is the heat capacity change between the liquid and the gas and t1Sb is the 

entropy of vaporization at the boiling point. Note that the solubility of a gas decreases 

with an increase in temperature, T, (Eq. (2.21», while the solubility of a solid increases 

with an increase in T (Eq. (2.19». 

Entropy of boiling 

Since molecules have a large degree of rotational and conformational freedom in both 

the liquid and the gas, the entropy associated with changes in these parameters upon 

boiling is small. On the other hand, liquid molecules gain a tremendous degree of 

translational freedom upon entering the gas phase. Therefore the entropy of boiling is 

almost entirely the result of this increase in translational freedom. 
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The entropy of boiling of non-hydrogen bonding organic compounds generally follows 

Trouton's rule, i.e., 

!J.Sb = 21 caIldeg mole (2.22) 

The constancy of the entropy of boiling is largely due to the fact that the change in free 

volume of most liquids upon boiling is similar. 

Mishra and Yalkowsky (1990) have shown that the entropy of boiling of long chain 

molecules is slightly dependent upon chain length. This is believed to be due to the fact 

that the conformational freedom of long chain molecules is somewhat restricted in the 

liquid compared to the gas. They found 

!J.Sb = 20 + 0.1 log ¢ caIldeg mole (2.23) 

where «P is as described by Eq. (2.15). 

Note that both of the above equations are not appropriate for small, hydrogen bonding 

compounds. Hydrogen bonding can increase or decrease the entropy of boiling relative 

to Trouton's rule by up to 50 percent. For most hydrogen bonding compounds, the 

entropy of boiling is greater that Trouton's rule. Once again, this difference is attributed 

to the fact that hydrogen bonding can restrict the freedom of motion of the molecule in 

the liquid phase. However, formic acid and acetic acid are exceptions. These compounds 

are able to vaporize as dimers and as a result the molar entropy ofvaporization is smaller 

than predicted by Trouton's rule. 
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Myrdal et a1. (1994) have recently investigated the effect of hydrogen bonding on the 

entropy of boiling. Based on a data set of909 compounds, they found 

i1Sb = 20.45 + 0.105 log tjJ + 2.84 HB cal/deg mole (2.24) 

where HB is the total number of alcohoL amine and carboxylic functional groups found 

in a compound. Their results confirm the earlier results of Mishra and Yalkowsky (Eq. 

(2.23» and extends the applicability of the general relationship to the estimation of 

hydrogen bonding compounds. However Eq. (2.24) is not appropriate for formic and 

acetic acid for the same reason as discussed above. 

Heat Capacity Change Upon Boiling 

The heat capacity change at the boiling point, i1Cp(gl), is difficult to obtain 

experimentally and, as a result, little is known about this quantity. However, since it 

is assumed that i1Cp(gl) is not a function of temperature, the heat capacity change at 

298K can be used. This is convenient because Shaw (1969) observed that i1Cp(gl) == -12 

for a wide variety of liquids at 298K (note: i1Cp(gl) is defined as the heat capacity of the 

gas minus the heat capacity of the liquid). Mishra and Yalkowsky (1991) have shown 

that the heat capacity change is also a function offlexibility and can be described by 

i1Cp(gl) = -12 - 1.8 log tjJ cal/deg mole (2.25) 

where <p is once again described by Eq. (2.15) 
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Note that the above equation for LlCp(gl) has been observed in compounds which are 

liquid at room temperature and should be appropriate for estimating the ideal solubility 

of compounds which are gas at room temperature. However, the value for the heat 

capacity change upon boiling will be reconsidered in Chapter 6 (Vapor Pressure). 

Estimation of Ideal Solubility 

Incorporating Eq. (2.23) and Eq. (2.25) into Eq. (2.21) gives the following equation for 

the ideal solubility of a non-hydrogen bonding gas 

(20.5+0.1 log rjJ)(Tb- T) 
10gX;g = ---------

2.303RT 

_ (-12 - 1. 8 log rjJ) (T - T b -In L) 
2.303R T Tb 

which simplifies for a non flexible molecule to 

(2.26) 

(2.27) 
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REAL SOLUTIONS 

Liquids 

As discussed above, if two liquids form an ideal solution they will be miscible in all 

proportions. However most real solutions are not ideal. Although non-idealities can arise 

from differences in molecular size and shape (LlSmix) the major source of nonideal 

behavior results from differences in intermolecular interactions (LlHmix). 

The dependence of intermolecular interactions on the ideal solubility is of direct 

relevance to the aqueous solubility of organic compounds. Water is a strong hydrogen 

bonding molecule and interacts very strongly with other water molecules. On the other 

hand, purely organic compounds are devoid of hydrogen bonding capabilities and 

interact only weakly. When organic liquids are mixed with water, the water-water 

interactions are much stronger than the corresponding interactions between the water 

molecules and the organic molecules and the organic molecules with themselves. As a 

result, mixtures between water and pure organic solutes are highly nonideal. Of course, 

if hydrogen bonding substituents are added to the organic structure, then the deviation 

from ideality will become less. 

The extent of deviation from ideality can be quantitated through the use of the activity 

coefficient. The aqueous activity coefficient, Yw, is related to the activity, a, and 

solubility by 

(2.28) 
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where Xw is the mole fraction solubility in water. The activity of a component (at 

constant T, P and X) is defined as the ratio of the effective concentration (fugacity or 

escaping tendency) of the solute in the solvent compared to its effective concentration in 

the pure liquid solute. 

When two imiscible liquids are at equilibrium, the activity of a component is equal in 

both phases. Hence the activities of a pure organic solute, and its saturated solution in 

water, are equal, giving 

r xX =r xX 
W woo 

(2.29) 

where 0 represents the organic phase. If it is assumed that water is not appreciably 

soluble in the organic phase then Xo can be taken to be unity for a pure organic solute. 

If the organic phase is assumed to be pure solute then the activity coefficient of the 

solute in itself: Yo, is also equal to unity. As a result, the right hand side of Eq. (2.29) 

can be approximated by unity, i.e., 

X = 
W 

I 
(2.30) 

or 

log X = - log r 
W W 

(2.31 ) 

Thus, the aqueous solubility of an organic solute in inversely proportional to its aqueous 

activity coefficient. 
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The previous discussion of the ideal solubility of a solid solute assumes that the 

hypothetical supercooled liquid will mix completely with the solvent. However, as 

discussed above, organic solutes in water generally do not follow ideal behavior. As a 

result, it necessary to consider the aqueous activity coefficient for nonideal solutes. 

Incorporating Eq. (2.31) into Eq. (2.19) gives 

I X Mm(Tm- T) I 
og w = - 2.303RT - og Yw (2.32) 

which is the general equation used for the aqueous solubility of organic solids. 

As in the cases of a solid solute, the ideal solubility of a gas considers the mixing of a 

hypothetical liquid with the solvent. Once again, for organic solutes, the mixing with 

water will generally not be ideal and an aqueous activity coefficient is necessary. Hence, 

incorporating Eq. (2.31) into Eq. (2.21) gives 

10 X = - - In - - 10 Mb(Tb- T) !J.Cp(gl) (T - Tb T) 
g w 2.303RT 2.303R T Tb g Y w 

(2.33) 



CHAPTER 3 

DEVELOPMENT OF THE AQUAFAC MODEL 
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In this chapter a new method for estimating aqueous activity coefficients is presented. 

The method, AQUAFAC (AQUeous Functional group Activity Coefficients), is a simple 

group contribution approach for estimating aqueous activity coefficients. 

As demonstrated in Chapter 2, the aqueous activity coefficient is an important factor in 

understanding how an organic compound will behave in aqueous media. In fact, accurate 

activity coefficients are required in practically all disciplines that deal with organic 

compounds in water. In the environmental sciences structure-activity relationships use 

activity coefficients in the assessment of aquatic toxicity, leaching, soil and sediment 

transport and mobility, absorption, adsorption, bioconcentration, volatilization, etc. In 

biomedical research activity coefficients can be used to asses the bioavailability, 

dissolution, duration of activity, dosage regimen, etc. In chemical engineering activity 

coefficients are useful in designing extraction, distillation and other water treatment 

processes. In spite of its importance there are comparatively few techniques for 

estimating the aqueous activity coefficient. 

Currently the most successful means of estimating aqueous activity coefficients are the 

general solubility equation for non-electrolytes by Yalkowsky et ai. (Yalkowsky and 

Valvani, 1980; Yalkowsky et aI., 1983; Pinal and Yalkowsky, 1987) and the UNIFAC 

method of Fredenslund et ai. (1975). Unfortunately, neither of these methods are based 

solely on aqueous phase data. The UNIF AC approach often uses gas phase data for the 
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generation of group association values, while the general solubility method uses 

octanollwater partition coefficients. 

The aim of AQUAFAC is to provide a new group contribution method for the 

estimation of aqueous activity coefficients. These group values are derived directly from 

a large data base of aqueous solubility data. The following study details the 

experimental methods that are used for the AQUAFAC approach. These methods will 

serve as the foundation for future AQUAFAC studies. 
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EXPERIMENTAL 

Solute Selection 

The alkanes, aromatic hydrocarbons and alkyl aromatics have been chosen for the initial 

AQUAFAC study for several reasons: 

1. The entropies of fusion of the solid rigid molecules are either known or can be easily 

estimated by the method given in Chapter 2 (Eq. (2.14». 

2. There are no hydrogen bonding interactions to consider. 

3. The aromatic and alkane compounds are comprised of only a small number of 

functional groups. 

4. The aromatic alkyl substituents could be compared with the aliphatic alkyl 

substituents. 

5. There is a significant amount of data for these compounds. 

6. These compounds cover a wide range of aqueous solubilities (2E-2 to 9E-9 

moleslliter ). 

The data for the n-alkanes greater than C 12 are not included in this study. A plot of 

aqueous activity coefficient vs. n-alkanes reveals that near C 12 there is an inflection. The 

slope from Cs to Cl2 is 0.63 whereas the slope from Cl4 to C30 is substantially less. An 

unusually Wgh solubility for the higher n-alkanes has been observed previously by a 

number of investigators (Peake and Hodgson, 1966; Franks, 1966; Sutton and Calder, 

1974). Peake and Hodgson (1966) compared solubilities vs. molar volumes ofn-alkanes 

and found the Wgher alkanes to be more soluble than would be expected from 

extrapolation of C4 to C8 data. The reason for this accommodation is not fully 

understood and could be due to physical phenomena such as coiling and folding or are a 
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result of experimental sensitivity. In any case, the methylene group value based on C5 to 

C 12 data is not applicable to n-alkanes over C 12. 

Molecular Descriptors 

There are a variety of ways in which a molecule can be divided into functional groups. 

Ideally the molecular property considered should be an additive constitutive property of 

the molecular components. Therefore, groups should be constructed so that a given 

molecule is composed of no more than and no less than the sum of its component 

groups. This means that every atom must be counted and no atom should be counted 

more than once. Molecular weight is a good example of a truly additive constitutive 

molecular property. 

Most molecular properties are not like molecular weight and cannot be divided into 

discrete group contribution values. It is often necessary to consider the environment of 

an atom or group in order to obtain meaningful group contribution values. The effects of 

the environment of an atom or group can be accounted for in one of several ways: 

l. Functional groups can be defined so that they include and/or take into account 

neighboring atoms. This increases the number of functional groups that must be 

considered. 

2. Non-constitutive values such as connectivity or symmetry can be used. 

3. Correction factors can be applied. These include bond, ring, proximity, and 

conformational corrections. 



4. An intercept can also be used in the model. 

In developing the AQUAFAC system every attempt is made to minimize the number of 

functional groups, non-constitutive parameters and correction factors. 

Models for Defining Groups 

There are many fragmentation schemes which meet the above requirements for defining 

groups. For example, the methyl substituent in toluene may be described in at least three 

different ways. One breakdown may be to consider hydrogens and carbons as individual 

groups. This has been the approach taken by Leo and Hansch in CLOGP (CLOGP, 

1991), whereby a methyl substituent would be described as three hydrogens and one 

carbon. Secondly, hydrogens may be included with a carbon to describe the whole unit, 

i.e., CH3. This method has been used in group contribution schemes by Fedors (1974) 

and Rekker and deKort (1979). Finally, the methyl group may contain all adjacent 

atoms which effect it's properties. Thus, for the example above, the methyl group will 

include it's aromatic carbon neighbor to become a five atom group, C-CH3. The latter 

fragmentation scheme is utilized in the UNIFAC system (Fredenslund et aI., 1975). 

From early investigations (Myrda~ 1993) it was noted that all models having the same 

number of parameters, and are truly additive, give identical statistical results. This is not 

surprising because the parameters in each model are a linear combination of the 

parameters in each of the other models. Thus, in the absence of a strong statistical 

justification of anyone model over another, the choice becomes one of convenience and 

personal preference. 
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The fragmentation scheme of AQUAFAC is illustrated in Figure 3.l. Groups are 

defined in a similar fashion to those ofRekker and Fedors. However, AQUAFAC differs 

from these two methods in the fact that each alkyl group is further differentiated 

depending on its' adjacent neighbors. 

Previous observations by Leo et al. (1976) and Amidon and Anik (1981) have indicated 

that the properties of alkyl aromatics differ from those of "alkyl alkanes". As a result, in 

the AQUAF AC scheme an alkyl group adjacent to an aromatic carbon is considered to 

be different than a normal aliphatic alkyl group. In order to distinguish these two 

different types of alkyl groups, a designation of the neighboring atom precedes the group 

of interest. Each aromatic sp2 neighbor is designated by a prefix Y. Groups which have 

only sp3 neighbors are preceded by the prefix X. Therefore, as is illustrated in Figure 

3.1, the methyl and methylene substituents of naphthalene are defined as YCH3 and 

VCHZ respectively, and the methyl and the central methylene of the propyl substituent 

are designated as XCH3 and XCHZ respectively. 

At present it is not possible to statistically distinguish among the various types of 

aromatic carbons i.e., aromatic carbons that are attached to alkyl substituents, the 

central carbons in bipheny~ and the central carbons in naphthalene. Preliminary data 

indicate that differences are small and add to the complexity, rather than to the accuracy 

of the equation. Hence, for convenience, all of the aromatic carbons described above are 

considered to be the same and are designated CAR Aromatic CH groups like those 

found in benzene are designated CHAR These groups are also illustrated in Figure 3.l. 



The designation and description of all of the molecular fragments considered in this 

study are listed in Table 3.1. Also listed in the table are the number of different 

compounds in which the fragment is found and the total number of occurrences in all 

compounds. 
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4 CHAR 

2 CAR 

2 CHAR 

2 CAR 

FIGURE 3.1: Fragmentation scheme used in the development of AQUAFAC. 
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TABLE 3.1: Groups considered in the development of the AQUAFAC model. 

Group Description Number of Number of 

Compounds Occurrences 

CAR aromatic carbons 66 288 

CHAR aromatic CH 68 542 

YCH3 aryl-CH3 29 56 

YCH2 aryl-CH2 15 23 

YCH aryl-CH 4 4 

YC aryl-C 1 1 

XCH3 alkyl-CH3 53 126 

XCH2 alkyl-CH2 45 189 

XCH alkyl-CH 24 34 

XC alkyl-C 8 8 
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Aqueous Solubility 

The mean aqueous solubilities for each compound in the data set were abstracted from 

the AQUASOL dATAbASE (Yalkowsky and Dannenfelser, 1991). The AQUASOL 

dATAbASE is an extensive compilation of literature solubility values from original 

work. Most compounds in the AQUASOL dATAbASE have a "recommended" mean 

log (solubility). AQUAFAC uses the "recommended" solubility for each compound 

when available. Only post 1960 data are utilized. 

Evaluation Index 

Each individual solubility in the AQUASOL dATAbASE is accompanied by an 

evaluation factor. The evaluation factor is a number ranging from zero to unity which 

expresses the quality with which that value is reported (Dannenfelser et al, 1991). The 

evaluation index is the average of the evaluation factors used for each recommended 

solubility. 

Frequency 

The frequency is the number of individual data points used m determining the 

recommended mean solubility values. 

Standard Deviation 

The standard deviation was calculated for each mean log (solubility) value. 

Melting Point 

Melting points were taken from the AQUASOL dATAbASE. 
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Entropy of Melting 

The experimental entropies of melting were taken from Appendix A. If the entropy of 

melting for a compound is unknown, then it is estimated using Eq. (2.14). as given in 

Chapter 2. 

Activity Coefficients 

The aqueous activity coefficients were calculated from aqueous solubilities, Sw (molar), 

through Eq. (2.31) and Eq. (2.32), i.e., 

logyw= -logSw (3.1) 

for liquid solutes, and 

log Y - - M m (T m - T) - log Sw 
w - 2.303RT 

(3.2) 

for solid solutes. 

The activity coefficients generated form a new data set from which group contribution 

values are determined by regression. For each compound the mean log (solubility) and 

the number of values used in its determination are given in Appendix B along with the 

melting point and the calculated activity coefficient. 
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Weighting of Activity Coefficient Data 

Some activity coefficients are based upon a large number of data points while others are 

based upon only a few. The individual data points have different evaluation indices and 

different standard deviations. In order to account for these differences a weight 

statement was used for each activity coefficient in the regression. The weight of each 

point was assessed on the basis of frequency, FREQ, evaluation index, E.I., and standard 

deviation, Sm.DEV., of the mean calculated activity coefficient by the following 

arbitrary equation: 

ur . h ~FREQ xE.I. 
rrelg t =......!....--=---

(l+STD.DEV.) 
(3.3) 

The square root of the frequency was used so that a few compounds with high frequency 

did not overly dominate the regression. A constant of one was added to sm. DEV. to 

prevent a denominator of zero. 

Statistical Analysis 

All statistical analyses were performed using the Statistical Analysis System (SAS, 1982) 

on the University of Arizona VAX. Each aqueous activity coefficient is weighted 

according to Eq. (3.3). The PROC REG subroutine was used for multiple regressions 

and subsequent q-value determination. 
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RESULTS 

Group q-values 

Table 3.2 gives the results of the regression analysis of the data in Appendix B, 

according to the fragmentation scheme shown in Figure 3.1. Only one compound 

compiled from AQUASOL dATAbASE was not included in this regression. The 

compound omitted was 4,4-dimethyloctane because it was an outlier of more than three 

standard deviations in the original regression. The remaining compounds fit into the 

analysis quite well. The overall modeL which was based on 617 individual solubilities for 

92 compounds, has a R-square of 0.996 and a root mean square error of 0.322. 

The results of the predicted aqueous activity coefficient versus the experimental aqueous 

activity coefficient for each of the 92 compounds is shown in Figure 3.2. The logarithms 

of the experimental aqueous activity coefficients range from 1.8 to 7.6. From the graph 

it is evident that as the activity coefficient increases, the accuracy of the prediction 

decreases. This follows from the fact that experimental errors tend to increase as 

solubilities decrease, i.e., activity coefficient becomes larger. In aIL 80% of the 

predicted activity coefficients are within one half a log unit of the experimental values. 

Of the remaining 20%, all have solubilities less than 10-5 molar. Most of these 

compounds are based on frequencies less than three and were consequently weighted 

less in the regression. 
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TABLE 3.2: Parameter estimates of the groups given in Table 3.1 

F Value R-square Root mean square error 

2192 0.996 0.322 

Parameter q-Value Std Error prob> T 

CAR 0.325 0.024 0.0001 

CHAR 0.300 0.012 0.0001 

YCH3 0.483 0.030 0.0001 

YCH2 0.228 0.100 0.0258 

YCH 0.069 0.225 0.7585 

YC -0.150 0.376 0.6886 

XCH3 0.687 0.087 0.0001 

XCH2 0.641 0.029 0.0000 

XCH 0.490 0.170 0.0050 

XC 0.204 0.307 0.5071 
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From Table 3.2, it is evident that an alkyl group adjacent to an aromatic carbon has a 

q-value that is significantly different than that of a normal alkane. This is consistent with 

previous observations. Leo et a1. (1976) noticed that the log P of alkyl aromatic 

compounds does not increase as rapidly as would be predicted by solute volume. In 

addition, Amidon and Anik have shown, through free energy of solvation calculations, 

that the addition of a methyl to benzene does not increase the free energy of solvation as 

much as the addition ofa methyl to an alkane (Amidon et a1., 1981). 

We believe that the different parameter estimates (0.48 for YCH3 and 0.69 for XCH3) 

are a result of the differences in their dipole moments. The aryl-methyl (YCH3) has a 

dipole moment of about 0.4 Debye (Smyth, 1955; Lyman et aI., 1982) whereas the 

alkyl-methyl (XCH3) has no dipole moment. The presence of a dipole in the aryl-methyl 

group makes it more polar and thus reduces its contribution to the aqueous activity 

coefficient over that of the aliphatic methyl group. 

Not only does an aryl-methyl have a dipole, so do the other aromatic alkyl sub stituents. 

Accordingly, the parameter estimates for YC, YCH and YCH2 (although not statistically 

significant at this time) are consistently lower than the estimates for the corresponding 

alkyl groups. 

It is important to emphasize that the activity coefficient of an alkyl aromatic is dependent 

on the contribution of individual local dipole moments and not the overall net dipole. For 

example, 1,2-, 1,3-, and 1,4-dimethylbenzene have net dipole moments in benzene of 

0.58, 0.37 and 0.00 Debyes, respectively (Smyth, 1955), and the logarithms of their 

activity coefficients (2.76, 2.84, 2.79 respectively) are nearly identical. 
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It has also been suggested by Amidon and Anik. (1981) that hydrogens adjacent to an 

aromatic carbon should be considered as a separate unit. Their suggestion is in 

agreement with the results in this study, which indicate that an aromatic hydrogen is not 

equivalent to an aliphatic hydrogen. Once again, the difference may be a result of local 

dipole moment differences. Surprisingly, hydrogens adjacent to an aromatic ring do not 

appear to contribute significantly to the activity coefficient. This may be seen in Table 

3.2 from the fact that both CAR and CHAR have almost identical parameter estiIDates. 

Apparently the increased surface area of an aromatic hydrogen is offset by the local 

aryl-hydrogen dipole. It is also interesting to note that there does not appear to be a 

linear relationship between the number of hydrogens on an aliphatic carbon and activity 

coefficient. 

Intercept 

Regression analysis shows little or no improvement in estimating activity coefficients 

when an intercept is used. In view of the lack of significant improvement in accuracy and 

the fact that it has no theoretical justification, an intercept is not used. 

Non-Group Parameters 

The only non-group parameter used in this study is the symmetry. The symmetry is 

related to the ideal solubility as shown in Eq. (2.14). It does not appear to contribute to 

the aqueous activity coefficient. 
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Proximity Effects: 

Even though AQUAF AC attempts to minimize the number of correction factors, a 

variety of proximity parameters were considered. Most of the proximity interactions 

investigated were cases in which groups are adjacent to one another, i.e., the methyls of 

1,2-dimethylbenzene. A proximity effect of this nature is plausible since neighboring 

groups may decrease the surface area and/or effect the electronic nature of the groups 

involved. For this data set none of the proximity parameters were found to be significant 

in improving the activity coefficient estimation. However, the need for these and· other 

proximity effects will continue to be explored further as the AQUAFAC data set 

mcreases. 

When the parameters in Table 3.2 were applied to cycloalkanes, a correction IS 

necessary. The addition of a methylene in a ring has a parameter estimate of 0.51 

whereas the addition of an n-alkane methylene (XCH2) increases the activity coefficient 

by 0.64. Although alkane groups which are bound by a ring actually have different group 

parameter estimates, the creation of new parameters for the CH2, CH and C groups in a 

ring would be cumbersome. Therefore, for simplicity, the groups in Table 3.2 may be 

applied to cycloalkanes and a correction will be used. From analysis of the 14 

cycloalkanes, which are also included in Appendix B, it was determined that for each 

carbon in a cycloalkane an adjustment of -0.10 must be applied. Thus, for 

1,1,3-trimethylcyclohexane, the adjustment would be six times -0.10 or -0.60. The 

negative value indicates that a methylene in a ring decreases the solubility less than a 

n-alkane methylene, which is consistent with its reduced molar volume and surface area 

(McAuliffe, 1966; Herman, 1972). 
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SUMMARY 

In this study it has been shown that the AQUAF AC method is a promising technique for 

the estimation of aqueous activity coefficients. This study has introduced the 

experimental methods which are used for the AQUAFAC method. In addition, 

differences in alkyl-aromatic groups and alkyl-aliphatic have been noted, indicating that 

it is necessary to consider the environment ofa group. 
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CHAPTER 4 

EXTENSION OF AQUAFAC TO COMPLEX FUNCTIONAL GROUPS 

The previous chapter introduced AQUAFAC as a method for predicting aqueous activity 

coefficients from chemical structure. It was shown that the aqueous activity coefficient, 

Yw, could be estimated by the simple summation of constitutive groups, i.e., 

log Yw = L niqi (4.1) 

where ni is the number of times group i appears in the compound and qi is the 

contribution of group i to the total activity coefficient. 

In this chapter the number of AQUAFAC groups will be extended from 10 to 44. In 

addition two proximity corrections are applied. 



58 

EXPERIMENTAL 

The experimental section is identical to that described above. 

Solute Selection 

There are a wide variety of groups considered in this study. The majority of the groups 

are either hydrocarbons, halogens or non-hydrogen bond-donating oxygens. A few 

hydrot]en bond donating groups are also considered. These include the non-ionized form 

of aromatic alcohols, amines and carboxylic acids. However it is important to note that 

only compounds containing a single hydrogen bonding group are considered in this 

study. 

Molecular Descriptors 

The designation of AQUAFAC group parameters is basically the same as described in 

the previous chapter. The description of a group parameter can be thought of as a two 

step process. The first step is to define the fundamental group, for example, CH3 or Br. 

The second step further differentiates the fundamental group on the basis of what types 

of atoms are bonded to it (i.e., aromatic, aliphatic). 

The fundamental groups defined in this study are given in the first column of Table 4. 1. 

As in the previous study, two different types of "neighbor" atoms are considered. These 

are sp3 and sp2 neighboring atoms, designated X and Y respectively. An atom is 

considered to be an "X" if it is a hydrogen, aliphatic carbon, amine nitrogen, ether 

oxygen or anyone of the halogens. Those neighboring atoms which are labeled "Y" 

include the sp and sp2 carbons and aromatic nitrogens (including the nitrogen of a nitro 

group). To distinguish the different group parameters, the designation of the neighboring 
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atom(s) are once again given as a prefix to each fundamental group. Hence a chlorine 

adjacent to an sp3 atom is defined XCI while a chlorine bonded to an sp2 atom is a YCl. 

For convenience, a single X is used when all neighbors are sp3 and X's are omitted when 

there is one or more Y. Columns two, three and four of Table 4.1 designate the different 

neighbors for each fundamental group. 

Note that the groups YCH= and YC= include aromatic ring C and CH which are 

sometimes designated as CAR and CHAR., respectively. Bridgehead aromatic carbons, 

such as those found in naphthalene, are designated as YYC=: 

Table 4.1 also includes the total number of occurrences for each of the 44 group 

parameters used this study. Notice the high frequency for most of the groups. Forty of 

the groups have a frequency greater than ten and only 4 groups have lower frequencies. 

An example of the fragmentation scheme using the group parameters in Table 4.1 is 

given in Figure 4.1. 
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TABLE 4.1: Groups considered and number of occurrences. 

Neighboring Groups 
Group 

sp3 sp2 2sp2 
"X" "Y" "YV" 

- CH3 735 238 * 
- CH2- 1207 278 21 
>CH- 276 60 17 
>C< 89 73 3 
CH2= 42 * * 
-CH= 86 3060 * 
>C= 61 1492 885 
-C=CH 14 _a * 
-N= _a 95 * 
-F 26 29 * 
-Cl 179 839 * 
-Br 30 62 * 
-I 7 20 * 
-COOH _a 49 * 
-OH _a 102 * 
-NHZ _a 41 * 
-(COO) 119 83 * 
-0- 87 83 42 
-(C=O)- 71 36 25 
-CHO 11 16 * 
-N02 _a 77 * 
-G=:N _a 9 * 
EPOXIDE 5 * * 
HCOo- 14 _a * 

* Non-existent group 
_a Not yet defined 
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FIGURE 4.1: Examples of some AQUAFAC group parameters. 
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The treatment of the ester functional group (COO) is somewhat more complex than the 

other fundamental groups considered. The ester functional group does not have one 

central atom which is bonded to its neighbors. Instead there are two atoms, the sp2 

carbon and the other a sp3 oxygen, each of which can be bonded to a different neighbor. 

Consequently, it is imperative to know the bonding order of all atoms involved. In 

essence, there could be four different bonding possibilities, i.e., XCOOX, XCOOY, 

YCOOY, and YCOOX. Fortunately preliminary results have shown that there is not a 

significant difference between XCOOX and XCOOY and nor is there a difference 

between YCOOY and YCOax. Thus, only the neighbor which is bonded to the 

carbonyl atom will be considered, requiring only two different ester designations: XCOO 

and YCoa. This simplification is conceptually reasonable since the predominant 

resonance effect will be from an sp2 atom bonded directly to the carbonyl. 

Description of non-group parameters 

The above group parameters only take into account the influence of nearest neighbors. 

However, proximity effects can arise from the influence of atoms which are two, three or 

more bonds away from the group of interest. There are a wide variety of proximity 

effects and they are all difficult to characterize. Since one of the specific aims of 

AQUAFAC is to minimize the number of correction factors, we have selected only those 

that are highly significant. 
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In this study, only two proximity effects have been used as corrections to the groups 

given in Table 4.3. These are: 

1) CRIN G = the total number of sp 3 carbon atoms confined to a ring system 

e.g., CRING = 4 for cyclohexene and 6 for cyclohexane 

2) ORTHOBIP = the total number of halogens in the 2,2',6 or 6' positions of a biphenyl 

ring. e.g., ORTHOBIP = 3 for 2,2',4,6-tetrachlorobiphenyl 

Note that the CRING parameter is the same as defined in the previous study. 

A variety of proximity effects have already been explored. These and others will continue 

to be explored as the AQUAF AC data set increases, especially when multiple hydrogen 

bond donating groups are incorporated. 

Activity Coefficients 

The experimental activity coefficients (calculated by Eqs. (3.1) and (3.2» for the 970 

compounds used in this study are given in Appendix C. Also included in Appendix Care 

the melting point, mean solubility and frequency (number of different solubilities used for 

the mean solubility) for each compound. 

AQUAFAC Model 

The final AQUAFAC model uses all of the compounds found in Appendix C for the 

generation of the 44 different group parameters defined in Table 4.1 and the two 

proximity effects defined above. 
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Cross-validation 

In order to evaluate the strength of the AQUAFAC model a ten fold cross-validation 

experiment was performed. In this experiment ten different test sets were randomly 

generated. Each test set contains 10% of the original 970 compounds and every 

compound is found in one and only one test set. The corresponding 90% of the 

compounds for each test set were then used as a training set. 
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RESULTS 

Final AQUAF AC Model 

The final AQUAFAC model uses nearly one thousand data points, representing 2432 

individual solubility values. Table 4.2 gives the group contribution values for each of the 

44 groups considered in this study. The overall R2 is 0.98 with a root mean square error 

0.43. 

The results of the predicted aqueous activity coefficient versus the experimental aqueous 

activity coefficient for the compounds are shown in Figure 4.2. As in the previous study, 

the activity coefficient has been correlated over a very large range. The logarithms of the 

experimental aqueous activity coefficients in this study range over eleven orders of 

magnitude (from -1. 7 to 9.5). However, unlike the preliminary investigation, there is no 

systematic increase in the scatter of the data as the activity coefficient increases. The 

error in the predicted versus the experimental values is essentially the same throughout 

the whole range of activity coefficients. 

The overall error associated with the AQUAF AC model can be attributed to several 

different factors. The largest source of error is most likely linked to the experimental 

aqueous solubilities. This and other sources of error are discussed below. 
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TABLE 4.2: AQUAFAC group contribution values1 (q-values). 

Neighboring Groups 
Group 

sp3 sp2 2sp2 
II X" "Y" "YY" 

- CH3 0.706 0.204 * 
- CH2- 0.545 [0.030] [0.149] 
>CH- 0.305 [0.085] [-0.127] 
>C< 0.019 -0.308 [-0.520] 
CH2= 0.579 * * 
-CH= 0.636 0.321 * 
>C= 0.583 0.525 0.319 
-C=CH 0.438 _a * 
-N= _a -0.969 * 
-F 0.251 [-0.141] * 
-Cl 0.389 0.409 * 
-Br 0.379 0.645 * 
-I 0.490 0.887 * 
-COOH _a -1.419 * 
-OH _a -1.810 * 
-NH2 _a -1.193 * 
-(COO) -1.117 -0.796 * 
-0- -1.51 -0.664 [-0.017] 
-(C=O)- -0.968 -0.722 -0.410 
-CHO -1.111 -0.772 * 
-N02 _a [0.082] * 
-C=N _a -0.427 * 
EPOXIDE [-0.301] * * 
HCOo- -1.283 _a * 

cring - -0.062 
orthobip - -0.123 

1 group values in brackets have high standard errors 
* Non-existent group 
_a Not yet available 
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Aqueous Solubility 

As mentioned above, the aqueous solubility is most likely the largest source of error in 

the AQUAFAC model. Experimental solubilities for any given solute can vary 

significantly from laboratory to laboratory. These differences arise from variables such as 

solute purity, equilibration time, temperature, analysis method and laboratory technique. 

In addition, there are also a surprising number of typographical errors. 

Even when many of the laboratory variables are kept constant, inter-laboratory 

difference can still be quite significant. This has been illustrated by Kishi and Hashimoto 

(1989) who reported the results of a 1984 ring test in Japan. In this ring test 19 different 

laboratories were asked to determine the aqueous solubility of anthracene and 

flouranthene, at 20°C, by a standard protocol as described by the Environmental Agency 

of Japan. Of the 19 laboratories, 17 reported solubilities for both anthracene and 

fluoranthene. The summarized results for these seventeen laboratories are given in the 

first two rows of Table 4.3 (note: the originally reported units of mglliter have been 

converted to moles! liter). Kishi and Hashimoto also included in their report the results 

of two additional ring tests which used a slightly different method for the solubility 

determination offluoranthene. These two test sets are given in rows three and four. 

For further companson, a summary of the solubility data used in this study for 

anthracene and fluoranthene are given in the final two rows of Table 4.3. 

The compilation of data for anthracene and fluoranthene, given in Table 4.3, clearly 

illustrate that there can be a significant amount of variability in experimental solubilities, 

even when the investigators know that their data will be compared to that of other labs. 
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The average solubility for each of the different sets along with the standard deviation are 

given in the second column of Table 4.3. The range of solubilities are given in the third 

column while the total number of different solubilities used is given in the last column. 

Despite the high frequency, there is a surprising difference in the average solubilities. For 

anthracene, the two average solubilities differ by 0.17 log units. While the average 

solubilities for fluoranthene span 0.36 log units. The range of individual solubilities is 

even greater. For fluoranthene the solubilities extend over a log unit (-6.38 - -5.28) 

while the range for anthracene is nearly two log units (-7.08 - -5.23). This illustrates 

the importance of multiple data points for a compound and supports the use of the 

frequency in the numerator of the weighting equation (Eq. (3.3». More importantly, the 

data in Table 4.3 illustrate that a single experimental value may be accompanied by a 

significant error. 
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TABLE 4.3: Comparison of different compilations of solubility data. 

Average Standard Range of Number of 

Compound Solubility Deviation Solubilities different 

(log(Molar» (log(Molar» Solubilities 

Anthracene (20°C)1 -6.68 0.19 -7.08 - -6.22 17 

Fluoranthene (20°C)1 -6.09 0.10 -6.38 - -5.94 17 

Fluoranthene (25°C)2 -5.96 0.07 -6.28 - -5.88 4 

Fluoranthene (25°C)3 -5.73 N.A. -6.01 - -5.28 7· 

Anthracene (20°C-30°C)4 -6.51 0.38 -6.79 - -5.23 22 

Fluoranthene (20°C-30°C)4 -5.96 0.19 -6.23 - -5.35 13 

1 Ring test # 1 from Kishi and Hashimoto (1989) 

2 Ring test #2 from Kishi and Hashimoto (1989) 

3 Ring test #3 from Kishi and Hashimoto (1989) 

4 Data used by the AQUAF AC method 
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Mutual Solubility 

It can be seen from Figure 4.2 that there is large variability in the estimation of low 

activity coefficients (high water solubilities). This is probably a result of the mutual 

solubilities of the organic phase and the water phase. In the generation of the 

AQUAFAC model it was assumed that water had negligible solubility in the organic 

phase and that the activity coefficient of the organic solute in the organic phase (pure 

solute) is equal to unity (see Eq. (2.30». The assumptions are generally valid for pure 

organic hydrocarbons. However, for compounds which have hydrogen bonding 

substituents, the assumptions may not always be valid. Not only will a hydrogen bonding 

organic solute have a higher aqueous solubility, but the hydrogen bonding capabilities of 

that organic solute can also promote the solubility of water in the organic phase. As a 

result, the organic phase may not be pure organic solute. That is, Xo may no longer be 

equal to unity. For example, the mole fraction solubility of water in m-cresol is 0.52. In 

addition, as the solubility of water in the organic phase increases, the activity coefficient 

of the organic solute in the organic phase may also be significantly different than unity. 

Another important consideration is the effect of water on the crystal structure of the 

organic solute. There are several known cases in which water has a substantial effect on 

organic solids. Phenol is a good example of a crystal which can be altered in the presence 

of water. In fact, phenol will actually start to liquefy when it is placed in contact with air 

that is saturated with water vapor. There are other cases in which the organic crystal will 

form a hydrate in an aqueous environment. For example, in a saturated solution with 

water, phenol can be found as a hydrate. Hydrates generally have different melting points 

than their corresponding anhydrous crystal. However the melting point and entropy of 
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fusion for most hydrates are generally not known. As a result, the anhydrous information 

is used when deteq.nining the ideal solubility. 

High mutual solubility also produces deviations in the aqueous phase. For very soluble 

organic solutes, the activity coefficient at saturation is probably not the same as it would 

be at infinite dilution. Consider for example an organic solute that has a solubility of 20% 

in water. If a small amount of the solute is added to the water, say 0.1%, it is reasonable 

to assume that the water phase is behaving as it would if no solute was present. However 

if the concentration of the solute is raised to 19%, then the water phase is no longer pure 

water. The networking of water to water interactions is no longer the same because there 

are a substantial amount of solute molecules present. Thus, when the final 1 % is added, 

the solute molecules added will not only be interacting with water molecules but also 

other solute molecules. In essence the solute is acting as a co solvent for itself Hence, the 

activity coefficient for the solute in a 20% solution is not the same as it would be at 

infinite dilution. 

It is important to recognize the potential for mutual solubility problems as discussed 

above. Unfortunately it is very difficult to determine which solutes will have a mutual 

solubility problem with water, let alone correct for them In genera~ the compounds 

which may cause significant error are those that are good hydrogen bond donators and 

acceptors. However, the limit~d number of hydrogen bonding compounds used in this 

study do not seem to deviate significantly from the general AQUAFAC model. When the 

compounds with low activity coefficients (less than zero) are taken out of the regression 

the overall error of the model does not change. More importantly, the coefficients for all 
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of the group values do not change. For this reason the hydrogen bonding compounds 

were kept in the final regression. 

The AQUAFAC model itself might introduce a certain amount of error because· it 

assumes that the activity coefficient is completely additive and constituative. Some of the 

factors which might alter the additive, constituative properties of a group will be 

discussed below. 

Hydrocarbon Groups 

The q-values for the hydrocarbon fragments which are considered in this study are of the 

same magnitude to those determined in the previous study. For example YCH= (CHAR) 

stayed basically the same from the first study to this study (0.30 and 0.32 respectively). 

Another important parameter is YCH3, which was shown to have a different 

contribution than a XCH3. In the first study YCH3 was 0.48 and is this study YCH3 is 

0.20. At first glance it would appear that the parameter YCH3 has changed significantly 

between the two studies. However this difference is due to the addition of more and 

diverse functional groups to the model. It must be kept in mind that a YCH3 in the first 

study was always adjacent to an aromatic carbon (CAR). In the second study a CH3 

bonded to any sp2 atom is also considered as a YCH3. For example the methyl in an 

acetate group or the methyl bonded to the double bond in 2-heptene. To truly compare 

the contribution of a methyl it is also necessary to consider the atom in which the methyl 

is bonded. Therefore the summation of an aromatic carbon and a YCH3 in the first study 

gives 0.80 while the same combination in the present study yields 0.73. Hence, the 
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contribution of an aromatic methyl has basically stayed the same between the two 

studies. 

The aliphatic groups XCH3, XCH2, XCH, and XC have parameter estimates which 

follow according to the solvent accessible surface area. In addition, there is a correlation 

between the number of hydrogens and the parameter estimates. This was not observed in 

the previous study. 

Halogens 

The aromatic halogens have parameter estimates which increase in accordance with 

molecular size. This is reasonable since the aromatic halogens have similar dipole 

moments. All of the aliphatic halogens have coefficients that are smaller than the 

aromatic halogens. This is probably due to the fact that the local dipole moment for an 

aliphatic halogen is larger than that of an aromatic halogen. Overal1, as a series, the 

aliphatic halogens also tend to increase the activity coefficient as the size of the halogen 

increases. However, bromine and chlorine have similar q-values. 

One possible reason for this anomaly may be that AQUAFAC has not corrected for 

several proximity effects and more of the chlorines are found as ortho substituents. There 

are several compounds in the AQUAFAC data set which have multiple halogens on the 

same carbon. The activity coefficient most likely does not increase linearly as one, two 

and three halogens are sequentially added to an aliphatic carbon. For example, as 

chlorines are added one by one to a carbon, the net dipole of that carbon changes as well 

as the individual dipole of each chlorine. In addition, the overall solvent accessable 

surface area will be less than the sum of three individual chlorines. When different 
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halogens are added to the same carbon the situation becomes even more complex. 

Although some of these proximity effects have been shown to be significant, their effect 

is generally small and add to the complexity, rather than to the accuracy of the overall 

model. Consequently they have not been included in this study. 

In general, both aliphatic and aromatic halogens increase the aqueous activity coefficient. 

The only exception is YF whose parameter estimate is not statistically significant. 

Acids, Alcohols and Amines 

Only aromatic acids (YCOOH), alcohols (YOH) and amines (YNH2) have been 

considered in this study and their parameter estimates are -1.42, -1.81 and -1.19. A 

negative aqueous activity coefficient indicates that the group will increase the aqueous 

solubility of an organic compound. This is what would be expected for these groups 

since they are hydrogen bond donating as well as hydrogen bond accepting functional 

groups. However, it is also important to recognize that hydrogen bonding groups will 

also effect the crystal structure. In general, incorporating hydrogen bonding subtituents 

on an aromatic system will have the effect of increasing the melting point. An increase in 

melting point will decrease the aqueous solubility of an organic solute. 

Once again it is important to emphasize that these group values are for the unionized 

form In addition, thes.e groups have been derived from compounds that only have one 

hydrogen bond donating group. Consequently, the use of AQUAF AC for compounds 

having multiple hydrogen bonding groups is not recommended at this time. 

Esters, Ethers and Ketones 
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The aliphatic ester (XCOO), ether (XO) and ketone (XCO) all significantly decrease the 

aqueous activity coefficient, having parameter estimates of -1. 11, -1. 51 and -0.97, 

respectively. Once again the negative activity coefficient would be expected since these 

groups are able to accept hydrogen bonds from water molecules. However, the overall 

magnitude of these parameters is somewhat surprising since they approach the 

magnitude of the aromatic acid and aromatic amine. In fact the aliphatic ether group is 

larger in magnitude than both YNH2 and yeOOH. The reason for this is not clear. 

All of the aromatic ally bonded esters, ethers and ketones are more positive than their 

corresponding aliphatic groups. The parameter estimates for YCOO, YO and YCO 

are -0.79, -0.66 and -0.72 respectively. While the parameter estimates for YVO and 

YVeo are -0.01 and -0.41 respectively. Note that YVO is not significantly different 

than zero. This can be partly attributed to an electronic effect on these groups. The 

aromatic neighbor is able to withdraw electrons from the group of interest and in some 

cases there is even the possibility of resonance. The overall effect of this is that the group 

becomes less polar and as a result, the parameters are more positive. 

Miscellaneous Groups 

The aromatic nitrogen, YN=, was found to have a significant effect on the aqueous 

activity coefficient. The YN= parameter estimate of -0.97 contributes almost as 

much as YNH2 (-1.19), yet it does not have the hydrogen bond donating capabilities. 

However, it can weakly accept hydrogen bonds and it also directs a significant dipole in 

the aromatic system 
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Another significant contributor to the activity coefficient is the aldehyde functional 

group. The aliphatic aldehyde, XCHO, has a value of -1.11 while the aromatic aldehyde, 

YCHO, contributes -0.77 to the activity coefficient. The more positive aromatic 

parameter is consistent with the previous observations found with the esters, ketones and 

ethers. 

Proximity Effects 

Only two proximity effects (CRING and ORTHOBIP) have been applied to this very 

diverse data set. CRING was developed in the first study to take into account the smaller 

contribution of a methylene group in a ring as compared to a methylene in an aliphatic 

chain. The CRING parameter estimate in this study is -0.06 which supports the estimate 

of -0.10 for CRING in the previous study. 

The OR THOBIP parameter was found to be significant in this data set and has a 

value of -0.12. Any chlorines on the positions 2, 2', 6 or 6' of a biphenyl ring, sterically 

sheild the neighboring aromatic ring as well as with any addition chlorines on the 

adjacent ring. This sheilding decreases the solvent accessable, and decreases the 

parameter estimate for each chlorine on these positions of a biphenyl ring. 

Another "ortho" parameter was investigated. This ortho parameter described by 

occurrence of two adjacently positioned chlorines on an aromatic ring (e.g., 1,2-

dichlorobenzene). However, the value for this parameter is not consistent for all classes 

of compounds. For example, for the chlorinated biphenyls, a slightly positive ortho value 

was found. Yet for the chlorinated dibenzo-p-dioxins it was found that a negative value 

for ortho is necessary. Thus, even though the ortho parameter was found to be 
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statistically significant in the overall data set, it is premature to assign a value to it until 

more data can be investigated. 

Cross-validation 

In the cross-validation the resulting model for each training set was then used to estimate 

the activity coefficients of the test set. Table 4.4 gives the number of compounds, R 2 and 

root mean square error (RMSE) for both the training and test sets in all ten trials. 

Overall, the training sets are very consistent and have an average ~ of 0.984 and an 

average RMSE of 0.432. The average RMSE of the test sets is 0.448, which is quite 

close to that of the training set average. These favorable results in the cross-validation 

test are a direct result of the large database from which the training sets were abstracted 

and strongly supports the AQUAFAC model. 

Comparison to other Methods 

The AQUAFAC method will not be compared to any other methods in this chapter. 

However, AQUAFAC will be used in the following chapter (Chapter 5) to predict 

aqueous solubilities and these will be compared to the general solubility equation. 
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TABLE 4.4: Cross-validation results of the AQUAFAC model 

Training Set Test Set 

N R2 RMSE N RMSE 

1 873 0.984 0.429 97 0.467 

2 873 0.984 0.427 97 0.479 

3 873 0.985 0.427 97 0.497 

4 873 0.984 0.434 97 0.426 

5 873 0.983 0.436 97 0.392 

6 873 0.984 0.435 97 0.402 

7 873 0.984 0.433 97 0.423 

8 873 0.984 0.432 97 0.432 

9 873 0.984 0.433 97 0.430 

10 873 0.985 0.430 97 0.529 
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CONCLUSION 

The AQUAFAC method has been applied to a diverse set of environmentally relevant 

compounds. The overall results are quite good considering the simplicity of the 

AQUAFAC model. Only two additional non-group parameters have been applied to take 

into account proximity effects. The q-values given are conceptually reasonable, following 

group size, dipolarity and hyrogen bonding properties. 

In the following chapters it will be shown how the AQUAF AC method can be used to 

estimate aqueous solubilities as well as H~s law constants. 
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One of the most important physical properties needed to determine the environmental 

fate of an organic pollutant, is it's aqueous solubility. The aqueous solubility of a 

compound is directly related to the bioaccumulation of that compound in the 

environment. A relatively high aqueous solubility corresponds to high mobility in the 

environment. High mobility compounds will be able to spread through waterways such 

as rivers, lakes and springs with great freedom. On the other hand, an organic compound 

with relatively low aqueous solubility will tend to accumulate in the soil and sediment. In 

the absence of experimental solubility data it is often necessary to estimate the aqueous 

solubility of an organic pollutant to help to understand how that pollutant will behave in 

the environment. 

This chapter will illustrate how aqueous solubilities can be estimated usmg the 

AQUAF AC method. The technique described is applied to a diverse set of organic 

compounds and is compared to the general solubility equation. The general solubility 

equation was developed by Yalkowsky et a1. (1980) and is probably the most widley 

used technique for the estimation of aqueous solubility. In fact, several independent 

researchers (Anliker and Moser, 1997; Gobas et aI., 1988; Niimi, 1991) have found that 

it is also the most accurate method for calculating the aqueous solubilities of organic 

compounds. 
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BACKGROUND 

AQUAFAC Method For Estimating Aqueous Solubilities 

From Chapter 2 (Eq. (2.32» it was shown that the mole fractional aqueous solubility, 

Xw, of an organic solid compound can be described by 

logXw = - Mm(Tm- T) - log Yw 
2.303RT 

where the first term is equal to zero for liquid solutes. 

(5.1) 

The preceeding two chapters have shown that the aqueous activity coefficient, Yw, can 

be estimated by AQUAFAC, i.e., 

log Yw = "n.q. L..J I I 
(5.2) 

where ni is the number of times group i appears in the compound and qi is the 

contribution of group i to the total activity coefficient. 

Incorporating Eq. (5.2) into Eq. (5.1) gives the following simplified equation for 

predicting aqueous solubilities at 25°C, 

(5.3) 

where Spred is the predicted solubility in moleslliter and MP is the melting point of the 

compound in celcius. Once again note that for liquid solutes the first term is zero and 

predicted solubility is simply the sum of~e AQUAFAC group contributions. 
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General Solubility Equation For Estimating Aqueous Solubilities 

As stated earlier, the general solubility equation is another technique for estimating the 

aqueous activity coefficient of an organic compound. This approach is based on the 

partitioning of an organic solute in an octanol-water system For an organic solute in an 

octanol-water system the corresponding activities are equa~ giving 

r w x X w = r oct x X oct (5.4) 

where the subscript w refers to the aqueous phase and the subscript oct refers to the 

octanol phase. 

The partition coefficient, P, is defined as the ratio of the solute's concentration in the 

octanol phase to its concentration in the water phase (i. e., Xoct / Xw)' Thus Eq. (5.4) 

can be rewritten as 

p= (5.5) 

In the general solubility equation, it is assumed that the activity coefficient of the organic 

solute in the octanol phase is ideal (y oct = 1), giving 

(5.6) 

or 

log Yw = logP (5.7) 
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Incorporating Eq. (5.7) into Eq. (5.1) and converting to moleslLiter (Yalkowsky and 

Valv~ 1980) gives the general solubility equation for predicting aqueous solubilities at 

25°C, i.e., 

t1Sm(MP - 25) 
log S pred = - - log P + 0.80 

1364 
(5.8) 
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EXPERIMENTAL 

Data Set 

Aqueous solubilities were estimated for the 97 compounds found in the seventh test set 

of the cross-validation study given in Chapter 4, Table 4.4. The seventh test set was 

randomly chosen for this study. The solubilities and melting points for all of the 

compounds are from the AQUASOL dATAbASE (Yalkowsky and Dannenfelser, 1991) 

and. are given in Appendix C. Entropies of melting, L\Sm, are estimated using Eq. (2.14) 

as given in Chapter 2. The AQUAFAC q-values from Table 4.2 were used for Eq .. (5.3). 

The partition coefficients were calculated using CLOGP (1991) and used in Eq. (5.8). 
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RESULTS 

The predicted solubilities and associated errors for each of the 97 compounds using Eqs. 

(5.3) and (5.8) are given in Appendix D. Table 5.1 gives a summary of the errors for 

both equations on different types of compounds. 

From Table 5.1 it can be seen that Eq. (5.3) consistently outperforms Eq. (5.8) for all 

types of compounds considered. For the total data set, Eq. (5.3) has an average absolute 

error of 0.41 log units, while Eq. (5.8) has an error of 0.61 log units. In addition, Eq. 

(5.3) has basically the same error for all of the different compound types considered 

whereas Eq. (5.8) is notably worse for solid solutes. 

The fact that the AQUAFAC method outperforms the general solubility equation is not 

completely a surprise. As mentioned before, a major reason for the development of 

AQUAFAC was to have a method for estimating aqueous activity coefficients that is 

based entirely on aqueous phase data. The general solubility equation is based on the 

partitioning of an organic solute between oetanol and water. As a result it is necessary to 

consider the behavior of the solute in the octanol phase. To simplify the general 

solubility equation it is necessary to assume that the activity coefficient in octanol is 

ideal, ie., roct = 1 (see Eq. (5.6». For most organic solutes this is a reasonable 

approximation. In fact, it even appears to be applicable to the hydrogen bonding 

compounds considered in this study. However, the assumption may not be valid for 

compounds which have multiple hydrogen bonding groups. 
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AQUAF AC also has the advantage of having fewer correction factors. There are two 

significant reasons for this. First, the AQUAF AC method utilizes a fragmentation scheme 

which is more thorough in taking into account the effects of neighboring atoms. For 

example, traditional methods used for estimating the octanollwater partition coefficient 

have· considered the contribution of a methyl group to be the same regardless of what it 

is bonded to. However, as shown in the development of AQUAFAC, a methyl adjacent 

to an aromatic system is significantly different than that of a normal aliphatic methyl. As 

a result, an error will be incurred in the octanollwater calculation, or in the case of the 

CLOGP program used in this study (CLOGP, 1991), a correction factor is applied for 

aromatic alkyls. Of course in the AQUAF AC method the methyl's are differentiated into 

different parameters XCH3 and YCH3. 

The second advantage of using purely aqueous phase data is that it will minimize the 

effects of intra as well as inter-molecular interactions. This is because water has a high 

dielectric constant and the electrostatic effects of near neighbor interactions are 

minimized. Intra-molecular hydrogen bonding will be minimal in water since hydrogen 

bonds will be formed with water. However, intra-molecular hydrogen bonding in octanol 

is much more significant because it reduces the overall polarity of the molecule. In 

extreme cases it is possible that a small carboxylic acid may actually dimerize in octano~ 

wheras, in water it will not. Hence the need for proximity corrections in water should be 

reduced as compared to octano!, making the AQUAFAC method more straightforward, 

simple and user friendly. 
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TABLE 5.1: Results of the solubility predictions. 

number of Eq. (5.3) Eq. (5.8) 

Compound type compounds Ave. Abs. Err. Ave. Abs. Err. 

All compounds 97 0.41 0.61 

Liquids 49 0.36 0.40 

Solids 48 0.45 0.82 

Non hydrogen bonding solids & liquids 78 0.42 0.63 

Hydrogen bonding solids & liquids 19 0.34 0.53 
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CONCLUSION 

It has been shown that the AQUAFAC method, which has been developed in the 

previous chapters, is applicable to the estimation of aqueous solubilities. The use of 

AQUAF AC is advantagous because it has been developed on a large data base of 

aqueous data, it has clearly defined groups, it is directly applicability to the estimation of 

aqueous solubility and the estimates are very good. The method developed has been 

applied to nearly one hundred structurally diverse compounds and was found to be more 

accurate than the general solubility equation, which is currently the method of choice. 



CHAPTER 6 

VAPOR PRESSURE 
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The hazard of exposure to volatile organic compounds is an increasing concern to all 

industries including the pharmaceutical industry. The importance of vaporization is 

evidenced by the fact that recent EPA and FDA guidelines require the determination of 

the vapor pressure of all new drug compounds. The regulations require an experimental 

determination of vapor pressure, however, vapor pressures that are less then lOE~7 torr 

are beyond the sensitivity of the FDA prescribed methods. As a result, the FDA requires 

an estimated vapor pressure for compounds with low volatility. 

This chapter presents a means for the reliable estimation of vapor pressure. The vapor 

pressure estimation method developed in this study is a direct extension of the work 

done by Yalkowksy and Mishra (Yalkowsky et aI., 1990; Mishra and Yalkowsky, 1991). 
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BACKGROUND 

There have been many methods proposed for the estimation of vapor pressure. Some of 

the methods are based on a thermodynamic foundation while others are strictly empirical 

models. In general, the correlative models are generated from experimental vapor 

pressure data and molecular descriptors. However, many of these correlations are limited 

to small series of compounds and others require the knowledge of some experimental 

piece of information such as a retention index or a vapor pressure at some reduced 

pressure. 

The theoretical equations are generally derived from the Clapeyron equation. The 

differences between these equations are a result of the different assumptions made in 

their derivation. Mackayet at (1982) developed an equation which is able to take into 

account the crystal contribution to vapor pressure. However, they did not take into 

account the heat capacity changes between the solid, liquid and gas phases. Mishra and 

Yalkowsky (Yalkowsky et aI., 1990; Mishra and Yalkowsky, 1991) developed an 

equation that takes into account the difference between the liquid and gas heat 

capacities. When compared to the data set of Mackay et at (1982) it was found that new 

equation ofMishra and Yalkowsky gives significantly better results. 

Mishra and Yalkowsky calculate vapor pressure through the Clausius-Clapyron equation 

in which the total enthalpy of vaporization or sublimation, ~HTar, is integrated over 

temperature by, 

lnP=JMfror dT 
RT2 

(6.1) 
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As discussed in Chapter 2 (Ideal Solubility), enthalpy is a state function and is therefore 

path independent. The irreversible vaporization of a solid can be described by a series of 

six reversible processes as defined in Table 6.1. For each step in Table 6.1 there is a 

corresponding enthalpy change which is given in the fourth column. The summation of 

these enthalpies gives, ~HTar, i.e., 

~HTOT = Mfm + Mfb + (CpS - Cp~(l'm - T) 

+ (Cpt - C~) (l'b - T) (6.2) 

where 

Mfm = enthalpy of melting (cal/deg) 

Mfb = enthalpy of boiling (cal/deg) 

CpS = heat capacity of the solid (cal/deg mole) 

cpt = heat capacity of the liquid (cal/deg mole) 

C~ = heat capacity of the gas (cal/deg mole) 

T = temperature of interest (K) 

Tm = melting point (K) 

Tb = boiling point (K) 

Mishra and Yalkowsky have assumed that the heat capacities are parallel functions with 

respect to temperature (as was done in the ideal solubility derivation in Chapter 2). Thus 

the differences at the melting and boiling point are given by 

~Cp(ls) = cpt - CpS 

~Cp(gl) = C~ - cpt 

(6.3) 

(6.4) 
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where ~cp(ls) is the heat capacity change upon going from the solid to liquid and 

~Cp(gl) is the heat capacity change upon going from the gas to liquid. Incorporating Eq. 

(6.3) and Eq. (6.4) into Eq. (6.2) gives 

Substituting Eq. (6.5) into Eq. (6.1) gives 

(6.6) 

where P and Pb are the vapor pressures at T and Tb, respectively and R is the universal 

gas constant in call deg. 

Integrating Eq. (6.6) and replacing ~Hm!Tm with ~Sm and ~Hb/Tb with ~Sb gives, 

M (T - T) ~Cp(ls) (T - T T J lnP = - m m + m -In-1!J.... 
RT R T T 

The pressure at Tb is taken to be one atmosphere. Notice that the first two terms in Eq. 

(6.7) are equal to the ideal solubility of a solid solute (given in Chapter 2 by Eq. (2.13». 

The last two terms are the reciprocal of the ideal solubility ofa gas (given by Eq. (2.21». 



TABLE 6.1: Thermodynamic characterization of the six reversible steps for estimating 

vapor pressure. 

Step From To Enthalpy Change 

1 solid at T solid at Tm CpS (Tm - T) 

2 solid at Tm liquid at Tm dHm 

3 liquid at Tm liquid at T cpt (T - T,nJ 

4 liquid at T liquid at Tb cpt (Tb - T) 

5 liquid at Tb gas at Tb dHb 

6 gas at Tb gas at T !J.CpK (T - T tJ 

TOT solid at T gas as T Eq. (6.2) 

94 
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Mishra and Yalkowsky assumed that the latter four parameters can be estimated for 

most organic compounds by the following equations 

t,.Sm = 13.5 - 4.6 log (0;) + 4.6Iog(¢) (cal/deg mole) (6.8) 

t,.Cp(ls) = 0 (cal/deg mole) (6.9) 

t,.Sb = 20 + 0.10 log (0;) (cal/deg mole) (6.10) 

t,.Cp(gl) = -12 - 1.8Iog(¢) (cal/deg mole) (6.11) 

which have all been discussed in Chapter 2. 

Inserting Eqs. (6.8)-(6.11) into Eq. (6.7) gives the Mishra and Yalkowsky vapor 

pressure equation 

[13.5 - 4.6 log(CT) + 4.6Iog(¢)](T - T) 
InP= _ m 

RT 

[20 + O.llog( ¢)](Tb - T) 

RT 

[-12 - 1.8 IOg(¢)](Tb -T Tb) + -In-
R T T 

(6.12) 

which expresses vapor pressure (atm) in terms of only the boiling point, melting point, 

molecular symmetry and flexibility. For compounds which are liquid or gas at the 

temperature of interest the first term ofEq. (6.12) is eliminated. 

Application of the Mishra and Yalkowsky Vapor Pressure Equation 

The Mishra and Yalkowsky vapor pressure equation (Eq. (6.12» is relatively new and 

has not been extensively tested, especially on compounds which have low vapor 

pressures. To further validate Eq. (6.12) it was applied to the data of Bannerjee et al. 
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(1990) for 118 environmentally important compounds ranging in vapor pressures from 

0.7 to 2.0E-12 atm 

When Eq. (6.12) was applied to the data the results are quite good, giving an overall 

absolute standard error of 0.40 log units. In fact, overa1l, Eq. (6.12) is more accurate 

than the equation derived by Baneljee et al. They proposed a new method for estimating 

vapor pressure based on a correlation of solvatochromic and UNIF AC parameters and 

their overall absolute standard error was 0.52 log units. The fact that Eq. (6.12) out 

performed Banneljee et al. is quite surprising since they used those same 118 compounds 

as a training set for their equation. 

Despite these impressive results, the predictive ability of the Mishra and Yalkowsky 

equation can be improved. Figure 6.1 is a scatter plot of the 118 residuals (observed 

vapor pressure minus predicted vapor pressure) vs the observed vapor pressure. As can 

be seen by the scatter plot, Eq. (6.12) does very well for those compounds that have 

relatively high volatility. However, as the volatility decreases so does the accuracy of 

Eq. (6.12). In fact for those compounds that have experimental vapor pressures less 

than -7.0 atm(-4.1 torr) the average absolute error is 1.07 log units. The plot clearly 

illustrates that there is a systematic error which increases as the vapor pressure 

decreases. This systematic error is one which causes Eq. (6.12) to consistently 

overestimate the vapor pressure oflow volatility compounds. 
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FIGURE 6.1: Residual error using Eq. (6.12) vs the observed vapor pressure. 
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Modification of the Mishra and Yalkowsky Vapor Pressure Equation 

To determine the cause of the systematic error it is necessary to reevaluate the 

assumptions and approximations (Eqs. (6.8)-(6.11» that went into the derivation of Eq. 

(6.12). The first two equations have already been considered in Chapter 2 and have been 

found to be applicable for estimating the ideal solubility of a solid. The fact that Eq. 

(6.12) introduces a systematic error for both solid and liquid solutes suggests that the 

possible error may be found in the second two terms which are necessary for both liquids 

and solids. Based on this, and to reduce the total number of variables, Eqs. (6.8) and 

(6.9) will be assumed to be appropriate for estimating the vapor pressure of organic 

solids. Consequently only modifications to the entropy of boiling, .1Sb, and the heat 

capacity change upon boiling, .1Cp(gl), will be considered. 
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EXPERIMENTAL 

Experimental Data 

In order to help evaluate any modifications to Eq. (6.12) additional vapor pressures were 

compiled. The vapor pressures of the 296 compounds used in this study are given in 

Appendix E along with the reference and melting and boiling points. An average vapor 

pressure was used when multiple vapor pressures were found for a compound. 

Statistical Analysis 

All statistical analyses were performed using the Statistical Analysis System (SAS, 1982) 

on the University of Arizona VAX. The PROC REG subroutine was used for multiple 

linear regressions. 
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RESULTS 

Before any modifications to Eq. (6.12) were considered, it was applied directly to the 

new data set given in Appendix E. The overall root mean square error for the new set of 

compounds is 0.42 log units. However, once again it was observed that the equation 

systematically overestimates the vapor pressures, especially for low volatility 

compounds. As a result, modifications to the entropy of boiling, ~Sb, and the heat 

capacity change upon boiling, ~Cp(gl), are necessary. 

Entropy of Boiling 

The modification to the entropy of boiling is a relatively straightforward. Mishra and 

Yalkowsky (Yalkowsky et a1., 1990; Mishra and Yalkowsky, 1991) developed Eq. 

(6.12) on compounds which were not hydrogen bonding. However, the data presented in 

Appendix E includes compounds which are capable of hydrogen bonding. Consequently 

it is necessary to modify the ASb equation such that it takes into account the effects of 

hydrogen bonding. An equation which does this has already been presented in Chapter 2 

(Eq. (2.24). It was found that the entropy of boiling (Myrdal et a1., 1994) for a diverse 

set of compounds could be adequately described by 

~Sb = 20.45 + 0.105 log fjJ + 2.84 HB (cal/deg mole) (6.13) 

where cp is the molecular flexibility and HB is the total number of hydrogen bond 

donating groups on the compound. 

When Eq. (6.13) is incorporated into Eq. (6.12) it does help in predicting the vapor 

pressure of the hydrogen bonding compounds. In fact, the overall error is reduced from 

0.42 to 0.35. However, there is still a systematic error in the residuals which is not 
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surprising since the modified ~Sb equation does not significantly effect most of the 

compounds. 

Heat Capacity Change Upon Boiling 

Since the systematic error is not a result of the entropy of boiling term, the remaining 

error must be accounted for by the heat capacity change upon boiling, ~Cp(gl). 

However, unlike ~Sb, the heat capacity change upon boiling is not as well defined. This 

is mainly due to the fact that it is very difficult to experimentally determine the heat 

capacity change over the temperature of interest and at the boiling point. The heat 

capacity change at a hypothetical point is normally extrapolated from elevated 

temperature studies which assumes that heat capacity is not a function of temperature. 

Mishra and Yalkowsky have described ~Cp(g1) (Eq (6.11» based on a the data of Shaw 

(1969). Although the data of Shaw clearly support a constant of -12 call(deg mole), 

none of the compounds compiled in that report were solids at room temperature. As a 

result this assumption may not be applicable to crystalline compounds. The heat capacity 

change upon boiling is very important for solids because their boiling points are generally 

high. As boiling point increases any error in the heat capacity assumption will be 

propagated because the error is multiplied by a greater temperature difference. In other 

words, for compounds with low volatility the estimated vapor pressure is greatly 

effected by a small error in the heat capacity term. 

Chickos et al. (1993a) have recently examined a large amount of experimental data 

for ~Cp(g1) at 298K They found a mean ~Cp(g1) of -15.4 cal/(deg mole) for 289 

different organic liquids. The standard deviation for these same compounds is 7.7 
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cal/(deg mole). They also calculated the ~Cp(gl) for 114 compounds which are solid at 

298K For these compounds the heat capacity of the liquid (Cpl) was estimated by a 

group contribution scheme (Chickos et aI., 1993b) and experimental values for the heat 

capacity of the gas (Cpg) were used. Overall the organic solids were found to have 

larger values of ~Cp(gl), having a mean of -32.1 cal/(deg mole) with a standard 

deviation of 17.0 cal/(deg mole). These data of Chickos et a1. (1993a) clearly show 

that the ~Cp(gl) value for most organic compounds is larger than the value of -12 

cal/( deg mole) which is used by Mishra and Yalkowsky (Eq. (6.11». 

Since it has been shown that a modification to the ~Cp(gl) value in Eq. (6.12) is 

appropriate, an effective ~Cp(gl) value has been determined from the data in 

Appendix E. The new ~Cp(gl) was calculated from Eq. (6.7) using the experimental 

vapor pressures and melting and boiling points and using Eqs. (6.8), (6.9) and (6.13) 

for ~Sm' ~cp(ls) and ~Sb, respectively. Incorporating these values and solving for ~ 

Cp(gl) gives, 

~cp(gl) = - 22.69 - 1.6210g(¢) cal/(deg mole) (6.14) 

where $ is the molecular flexibility as described previously. 

Although Eq. (6.14) is really an effective ~Cp(gl), meaning that it could incorporate 

errors which are not directly related to the ~Cp(gl) term, the value obtained is 

reasonable. The constant of -22.69 is well within the range of ~Cp(gl) values observed 

by Chickos et a1. (1993a). In fact, if the mean ~Cp(gl) found for liquids by Chickos et 

a1. (1993a) is averaged with the mean v~ue determined for solids, the resulting value 

is -23.7. In addition, the coefficient of -1.62 for log ($) is very close to the value 
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previously found by Mishra and Yalkowsky (-1.8 in Eq. (6.11». Since the value of 

~Cp(gl) is reasonable, it suggests that the all of the other assumptions and 

approximations which went into it's derivation are also reasonable. 

It is noteworthy to mention that ~Cp(gl) was also considered to be a function of 

temperature. In the derivation of Eq. (6.7) it is assumed that the heat capacity of a liquid 

and the heat capacity of a gas are parallel functions with respect to temperature 

(i.e., ~Cp(gl) is constant). However, it is also reasonable to express the heat capacity 

change as a + bt, where t is temperature. This heat capacity expression was incorporated 

into the Clausius-Clapyron equation and integrated with respect to temperature. The 

resulting function was applied to the vapor pressure data but did not significantly 

influence the results. This indicates that ~Cp(gl) is not a strong function of temperature 

which is consistent with the conclusion of Chickos et al. (1993a). 

Final Vapor Pressure Equation 

Combining Eqs. (6.13) and (6.14) with Eqs. (6.8) and Eq. (6.9) and incorporating them 

into Eq. (6.7) gives the new modified vapor pressure equation, i.e., 

[13.5 - 4.6 log( cr) + 4.6 log( ¢)](Tm - T) 
10gP= -

4.606T 

[20.45 + 0.10510g(¢) + 2. 84HB](Tb - T) 

4.606T 

[-22.69 - 1.62 10g(¢)](Tb -T Tb) + -In-
4.606 T T 

(6.15) 
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which can be simplified for compounds which are not flexible, symmetrical or hydrogen 

bonding to, 

2.93(T
m 

-T) 
logP= - T 

9.37(Tb - T) (Tb J 
T + 4.93 ln y (6.16) 

The modified equation (Eq. (6.15» fits the data in Appendix E mu~h better than the 

original equation (Eq. (6.12». The overall root mean square error for Eq. (6.15) is 0.21 

log units while the original equation has a root mean square error of 0.42 log units. In 

addition, the modifications are appropriate for both solids and liquids. The root mean 

square error for the liquids (n = 260) and the solids (n = 36) using Eq. (6.12) are 0.35 

and 0.76 log units respectively, while the new equation has errors ofO.lS and 0.35 log 

units, respectively. The predicted vapor pressures using Eq. (6.15) are given in 

Appendix E along with the associated errors. A plot of the predicted vapor pressure vs. 

the observed vapor pressure is given in Figure 6.2. The plot illustrates the predictive 

ability ofEq. (6.15) over twelve orders of magnitude. 

As a final check the residuals of Eq. (6.15) are plotted against the observed vapor 

pressure in Figure 6.3. Since the residuals are no longer a function of the observed 

vapor pressure the new equation is devoid of any systematic trends. 
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Estimation of Vapor Pressure 

The equation developed is not only applicable to a diverse set of compounds, but it is 

also capable of estimating the vapor pressure at different temperatures. In fact, Eq. 

(6.15) does very well at estimating the pure component vapor pressure of compounds at 

elevated temperatures. To test the Eq. (6.15), several functionally diverse compounds 

were selected and their vapor pressures were estimated at an elevated temperature. The 

results are given in Table 6.2. As can be seen from the last column of the Table 6.2, the 

errors of the predicted vapor pressures are quite small. All of the vapor pressures except 

two have been estimated within 0.1 log units. It is important to note that none of the 

compounds tested in Table 6.2 were used in the development ofEq. (6.15). 

Finally, the new model was used to estimate vapor pressure as a function of 

temperature. Three different compounds. were selected and their vapor pressures were 

estimated from (or near) room temperature to their corresponding boiling points. The 

compounds chosen are, o-cresol, l-octanol and pyrene. The results are given in Table 

6.3. Once again the predicted vapor pressures are very close to the experimental values. 

The predicted vapor pressures closely mirror the observed vapor pressures at all points 

and only 3 of the 19 predicted vapor pressures have errors which are greater than 0.1 log 

units. This is quite impressive since the compounds tested span at least three orders of 

magnitude and two of them are hydrogen bond donating. Note that all of the vapor 

pressure values in Table 6.3 except for one (which is denoted by an * in the table) were 

not used in the generation ofEq. (6.15). 
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TABLE 6.2: Estimation of vapor pressure for some compounds at elevated 
temperatures 

Compound 

1-Undecene 

2-~ethy~5-ethylpyTidine 

3,5-Diethylphenol 

cis-Decalin 

a-Naphthol 

Isopropylcyclohexane 

~ethyl Salicylate 

N-Ethylaniline 

Rescorcinol 

Valeric Acid 

Tm 
(K) 

383 

466 

452 

521 

469 

555 

399 

493 

478 

553 

446 

* All data from reference Boublik et al. (1973) 

Temp 
(K) 

379 

325 

388 

373 

415 

320 

352 

323 

424 

345 

* LogP 
(atm) 

-1.20 

-2.10 

-1.88 

-1.26 

-1.88 

-1.20 

-2.25 

-2.50 

-1.88 

-1.85 

Eq. (6.15) 

Pred. Error 

-1.17 -0.03 

-2.04 -0.06 

-1.97 0.09 

-1.29 0.03 

-1.94 0.06 

-1.23 0.03 

-2.35 0.10 

-2.87 0.37 

-1.92 0.04 

-1.66 -0.19 
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TABLE 6.3: Estimation of vapor pressure as a function of temperature 

Tm Tb Temp LogP * Eq. (6.15) 
(K) (K) (K) (atm) 

Compound Pred. Error 

o-Cresol 304 464 298 -3.49 -3.45 -0.04 

393 -1.00 -0.99 -0.01 

405 -0.79 -0.79 0.00 

433 -0.38 -0.38 0.00 

449 -0.17 -0.17 0.00 

464 0.00 -0.00 0.00 

1-0ctanol 258 468 327 -2.88 -2.63 -0.25 

386 -1.30 -1.20 -0.10 

412 -0.81 -0.75 -0.06 

447 -0.27 -0.25 -0.02 

463 -0.06 -0.06 0.00 

468 0.00 0.00 0.00 

479 0.12 0.11 0.00 

Pyrene 423 668 298 -8.50# -8.64 0.14 

473 -2.47 -2.16 -0.31 

529 -1.36 -1.31 -0.05 

566 -0.90 -0.87 -0.03 

589 -0.65 -0.64 -0.01 

667 0.00 -0.00 0.00 

* All data from Boublik et aI. (1973) Note: 2980 pyrene is from Mackay et al. (1982) 

# Only data point in the table used in the generation ofEq. (6.15) 
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CONCLUSION 

Simple modifications have been made to the Yalkowsky and Mishra vapor pressure 

equation. These modifications, which have been shown to be conceptually reasonable, 

enable the vapor pressure estimation of complex organic compounds including those 

which are hydrogen bonding. The final vapor pressure equation only requires the 

knowledge of transition temperatures and molecular structure and can be applied to a 

wide range of temperatures. 



CHAPTER 7 

HENRY'S LAW CONSTANT 

III 

Henry's law constant, HLC, is the air/water partitioning coefficient of an organic 

compound. This physical property represents the ability of a compound to volitilize from 

an aqueous solution to the atmosphere. From the knowledge of HLC it is possible to 

determine the direction and rate of transfer of a compound within the environment 

(Mackay and Leinonen, 1975; Lyman et aI., 1982; Mackay and Yeun, 1983). 

Unfortunately for many environmentally relevant compounds experimental Henry's law 

constants are not available due to the analytical difficulties in measuring this quantity. 

In this chapter we would like to propose a new method for estimating the Henry's law 

constant of an organic pollutant. The method is simply a combination of the vapor 

pressure equation and the AQUAF AC method presented in the previous chapters. A 

brief derivation of the new HLC calculation is given below. 

By definition the HLC is the partitioning of an organic solute between the air and 

water, i.e., 

C. 
HLC= Olr 

C 
water 

(7.1) 

where Cair and Cwater are the equilibrium concentrations of the solute in the vapor and 

water phase, respectively. If it is assumed that HLC is independent of concentration then 



112 

the infinite dilution value can be approximated by using the saturation value for each 

phase, i.e., 

or 

HLC= VP 
S 

w 

log HLC = log VP - log S 

(7.2) 

w 
(7.3) 

where VP is the vapor pressure of the compound and Sw is the aqueous solubility of the 

compound. 

Thus, ifHLC is independant of concentration, it can be estimated using the relationships 

derived for vapor pressure in Chapter 6 and aqueous solubility in Chapter 5. 

Incorporating Eq. (6.15) and Eq. (5.3) into Eq. (7.3) gives 

[20.45+0.105Iog(~)+2.84HB](1b - T) 
logHLC= - RT 

+ [-22.69 - 1.6210g(~)](Tb-T_ln1b) L 
+ niqi 

R T T 
(7.4) 

Notice that the ideal solubility of a solid for the aqueous solubility is cancelled out by the 

identical term. in the vapor pressure equation. Consequently, the crystal properties of an 

organic solute do not effect the Henry's Law constant. Thus Eq. (7.4) is simply the vapor 

pressure of the solute (supercooled liquid for solids) plus the aqueous activity 

coefficient. 
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In summary, the new equation is practical because the only information needed to predict 

the HLC is the boiling point and molecular structure. In addition, the methods upon 

which Eq. (7.14) is based (Eq. (6.15) and AQUAFAC) have already been shown to be 

very reliable. 
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CHAPTER 8 

RELATIONSHIPS BElWEEN MELTING POINT AND BOILING POINT OF 

ORGANIC COMPOUNDS 

As discussed in the previous chapters, melting and boiling points are necessary for the 

prediction of solubility, vapor pressure and Henry's Law constants. Yet for many 

compounds of pharmaceutical and environmental interest, these physical properties are 

not known. In fact, for some compounds it is experimentally impossible to determine 

these transition temperatures due to decomposition. In light of this, it is extremely 

advantageous to have methods for estimating "hypothetical" melting and boiling points. 

For relatively simple organic compounds there are a number of schemes which can be 

used to calculate boiling point (Horvath, 1992; Lyman et aI., 1982; Simamora and 

Yalkowsky, 1993a; Simamora et aI., 1993b; loback and Reid, 1987; Stanton et aI., 1991; 

Stanton et aI., 1992) and a few which can be used to calculate melting point (Simamora 

and Yalkowsky, 1993a; Simamora et aI., 1993b; loback and Reid, 1987; Dearden and 

Rahman, 1988). These schemes are generally based on simple group contributions. 

Unfortunately, group contribution schemes usually cannot be used for complex organic 

compounds because group values are not available or because they do not account for 

those geometric molecular properties that are not additive and constitutive. 

Consequently, there is an inherent need for a method that is able to calculate transition 

temperatures which is not rigourously dependent on molecular connectivity. 
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In this chapter a new means of calculating either the boiling point or the melting point 

from chemical structure and a knowledge of the other value will be presented. Although 

the equations developed are largely empirical, the parameters used are conceptually 

reasonable. The equations can be used in lieu of: in combination with, or as an 

independent confirmation of a traditional group contribution scheme. 
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BACKGROUND 

Transition Temperatures 

Melting point and boiling point are dependent upon enthalpy, LlH, and entropy, ~S by 

(8.1) 

and 

(8.2) 

respectively. Where T is the temperature in Kelvin, and the subscripts m and b refer to 

melting and boiling, respectively. 

Enthalpy of Transition 

For organic compounds both of the above enthalpic terms are dependent upon the 

interactions between the various molecular fragments. These are largely additive 

(especially for boiling) and are responsible for the success of the various group 

contribution schemes. The magnitude of the contribution of any molecular fragment is 

related to its dipole moment and polarizability as well as its hydrogen bond donor and 

acceptor properties. It is also related to the change in the distance between that fragment 

and the fragments of its neighboring molecules with which it interacts. This 

intermolecular distance changes only slightly upon melting and drastically upon boiling, 

causing the enthalpy of boiling to be much larger than the enthalpy of melting. 

This is consistent with the fact that the group values observed by Simamora and 

Yalkowsky (1993a, 1993b) for the enthalpy of boiling are consistently larger than their 



117 

corresponding contributions to the enthalpy of melting. The data of Simamora and 

Yalkowsky indicate that 

bi = 1.76 mi - 1.50 

n = 22 r = 0.94 

(8.3) 

where mi and bi are the group contribution values for enthalpy of melting and enthalpy of 

boiling, respectively. 

Interestingly, the group contribution values developed by Ioback and Reid (1987) for the 

direct calculation of melting and boiling point also fit a linear relationship. The regression 

equation is 

Tbi = 0.839 Tmi + 16.3 

n = 40, r = 0.780 

(8.4) 

The lower correlation coefficient associated with transition temperature data compared 

to that calculated for heat of transition data suggest that the entropies of transition are 

not linearly related to one another. 

Entropy of Transition 

When a compound melts or boils its molecules become less restricted in both their 

external motion and their internal conformation. The entropy of transition for either 

boiling or melting is a measure of the change of translational, rotationa~ and 

conformational freedom of the molecules that accompanies the phase change. 
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As discussed in Chapter 2, the entropy of boiling is almost entirely the result of the 

increase in translational motion. The amount of translational motion gained depends on 

the change in free volume upon boiling, which is similar for most liquids. As a result 

most compounds follow Trouton's rule, i.e., 

!J.Sb = 21 (cal/deg mole) (8.S) 

However, it has also been shown that flexible and hydrogen bonding compounds deviate 

from Trouton's rule and can more appropriately be desclibed by (Myrdal et aI., 1994) 

!J.Sb = 20.4S + O.lOS log fjJ + 2.84 HB (cal/deg mole) (8.6) 

Unlike the entropy of boiling, the entropy of melting is primarily due to rotational and 

conformational factors and only slightly due to translational factors. As discussed in 

Chapter 2, Tsakanikas and Yalkowsky (1987) have modified Walden's rule (!J.Sm = 13.S 

(cal/deg mole» to take into account the effects of rotational symmetry and flexibility. 

They found 

!J.Sm = 13.S - 4.6 log (0;) + 4.610g(fjJ) (cal/deg mole) (8.7) 

Notice that the flexibility has a much greater effect on the entropy of melting (coefficient 

of 4.6) than it does on the entropy of boiling (coefficient ofO.lOS). 

Another term which has an effect on the entropy of melting is the eccentricity, E. The 

eccentricity is related to the magnitude of the expansion that would bo required for the 
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molecules of a crystal to gain rotational freedom Taking all of the above factors into 

consideration, the entropy of melting becomes 

f).Sm = 13.5 - R In(sigma) + R In(flex) + R In(eccen) (8.8) 

The calculation of these parameters in terms of molecular structure will be described 

below. (Note: At the present time it is not clear as to what effect, if any, hydrogen 

bonding has on the entropy of melting.) 

From the above discussion it is clear that the enthalpy of melting is nearly a linear 

function with the enthalpy of boiling while the entropy of melting depends upon certain 

molecular properties (cr, <p, and e) that have little or no effect upon the entropy of 

boiling. 

Corre~onding States 

According to the law of corresponding states those equilibrium properties which depend 

on intermolecular forces are related to the critical properties in a universal way (Reid et 

aI., 1987). According to Bondi (1968) substances are said to be in the same 

corresponding state if their reduced pressure, volume, and temperature are the same. 

It has been shown that for liquids composed of spherical molecules 

(8.9) 



120 

where T c is the critical temperature. Deviations from this value are usually interpreted in 

terms of an acentric factor which is a measure of the deviation of the molecule from 

spherical symmetry. 

It is tempting to assume that if all substances at their normal boiling point are in a 

corresponding state, then those same substances at their melting point should also be in a 

corresponding state. Therefore 

(8.10) 

If this is so then it must be true that 

(8.11) 

With regard to melting as a corresponding state, Bondi (1968) wrote, "Short 

contemplation of the mechanics of melting suggests that only solids that gain the same 

number of degrees of freedom on melting are in corresponding states at a given T/Tm. In 

practical terms this means that T/Tm is a corresponding temperature only for solids of 

similar crystal structure with identical entropy of fusion." On this basis all spherical 

molecules can be expected to be in corresponding states at their melting point. In fact, 

for spherical and nearly spherical molecules (such as the tetrahedral carbon tetrachloride 

and the oblate hydrogen iodide) the entropy of melting is nearly constant and the melting 

point is close to the boiling point so that T mlTb is close to unity. Since the parameters II 

0', cp, and E are measures of deviation from a rigid sphere which are related to the 

entropy of melting, they can be expected to be related to the ratio ofTmiTb. 



Including any difference in the effect due to hydrogen bonding, hb, upon melting and 

boiling a more reliable version ofEq. (8.11) would be 

TnzlTb = C + f(o; rp, 8, hb) (8.12) 
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In this report Eq. (8.12) will be modified to account for deviations from rigid spherical 

symmetry that can be estimated from molecular structure. 
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EXPERIMENTAL 

Molecular Descriptors 

It is difficult to define, let alone quantitate, the structural parameters that are required to 

account for the effects of symmetry, rigidity, flexibility and hydrogen bonding for organic 

compounds. In order to provide a convenient means or quantitating the effects of the 

above factors upon the relationship between melting point and boiling point several 

parameters were selected for evaluation. These parameters are designed so that they 

could be evaluated by simple counting without computer assistance. 

Because they were selected largely on the basis of intuition, the parameters considered 

do not necessarily have any thermodynamic significance. They merely provide a simple 

empirical means of estimating boiling point from melting point or melting point from 

boiling point. The parameters considered are defined below and examples are given in 

Table 8.1 

SIGMA - The molecular rotational symmetry number, 0', as defined by Dannenfelser et 

al. (1993), is the number of indistinguishable orientations in which a molecule can be 

positioned. The parameter SIGMA is intended to reflect the rotational symmetry of the 

molecule and therefore the probability ofit being properly oriented for incorporation into 

the crystal lattice. It should be noted that conica~ cylindrical and spherical molecules 

have infinite rotational axes and are not assigned a SIGMA value of unity as is the 

custom in crystallography. Dannenfelser et al. (1993) have found empirically that values 

of 20, 20, and 200 can be used as effective SIGMA values for conic~ cylindrical and 

spherical molecules, respectively. 
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LOGSIG - The logarithm of SIGMA. 

RIGID 1 - The number oflarge atoms (defined here as all atoms excluding of hydrogens 

and fluorines) that comprise rigid, significantly planar portion, or portions, of the 

molecule. The size of the planar region is assumed to be related to the magnitude of the 

expansion that would be required for the molecules of the crystal to gain rotational 

freedom. Therefore, RIGID 1 is a crude measure oflog E. 

In compounds which do not have a significantly planar region the heaviest three 

contiguous atoms are considered as rigid. In larger molecules all large atoms that are 

confined to one or more significantly rigid and planar structures containing at least 4 

large atoms, which have little or no conformational freedom are considered as RIGID 1. 

This includes: all large atoms which are or are bonded to sp or sp2 atoms, and all sp3 

large atoms which are in rings containing less than six large atoms and in the chair form 

of six membered rings and all equatorial large atoms bonded to the latter. 

FLEX 1 - The number of non ring sp3 large atoms that have some degree of 

conformational freedom and are not included in RIGIDl. Atoms adjacent to a branch are 

not included in FLEX 1. FLEXl is intended to be a measure oflog <p. 

BRANCH! - All large atoms that are not included in either RIGID 1 and FLEX 1. 



TOTALI - TOTALl is the sum of RIGID 1 , FLEX1, and BRANCHI, i.e., 

TOTALl = L ~ Pi 

where ~ is the number of atoms of type i in the molecule and 

Pi = 0 for hydrogen and fluorine, 

Pi = 1 for all other atoms. 
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(8.13) 

RIGID2 - This parameter is defined exactly the same as RIGID 1 except that the number 

of bromine, sulfur, and iodine atoms are multiplied by 2, 2, and 4 respectively. This 

modification is intended to reflect the greater size of the rigid portions of molecules 

containing these atoms. 

FLEX2 - FLEXl with the number of bromine, sulfur, and iodine atoms are multiplied by 

2, 2, and 4 respectively. 

BRANCH2 - BRANCHI with the number of bromine, sulfur, and iodine atoms are 

multiplied by 2, 2, and 4 respectively. 

TOTAL2 - TOTAL2 is the sum ofRIGID2, FLEX2, and BRANCH2. This is equal to 

TOTAL2 = L ~ Pi 

where ~ is the number of atoms of type i in the molecule and 

Pi = 0 for hydrogen and fluorine 

Pi = 2 for bromine and sulfur 

Pi = 4 for iodine 

Pi = I for all other atoms 

(8.14) 
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In most cases it is relatively easy to assign all large atoms in a molecule to either a 

RIGID, FLEX, or BRANCH parameter. However, in some cases the decision is not as 

clear cut as those illustrated in Table 8.1 and the assignment is somewhat arbitrary. 

Admittedly, the definition for the RIGID, FLEX, or BRANCH parameters are somewhat 

complex and vague. However, the definition of the TOTAL parameters are quite 

simple, clear and totally unambiguous. 

Note that it is not necessary to distinguish between the RIGID, FLEX, and BRANCH 

parameters to determine the value of the TOTAL parameters. 

Numerical Data 

All boiling point and melting point data were taken from standard references. These 

include the CRC Handbook of Physics and Chemistry (1991), the Merck Index (1989), 

the Aldrich catalog (1992), Jannssen Chemica (1991) and the Lange's Handbook of 

Chemistry ( 1992). 

Statistical Analyses 

Data were analyzed using the REG procedures in SAS (1992). 
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TABLE 8.1: Examples of some of the molecular descriptors used for estimating melting 

and boiling point. 

cr Tar ALl RIGIDI FLEXI BRANCHlRIGID2 TarAL3 HB 

Bromoform 3 4 3 0 I 5 7 0 

m-Bromoiodobenzene 1 8 8 0 0 12 12 0 

Nitrobenzene 2 9 9 0 0 9 9 0 

t-Butylbenzene 1 10 7 1 2 7 10 0 

4,4'-Difluorobiphenyl 4 12 12 0 0 12 12 0 

4-Decanone 1 11 4 7 0 4 11 0 

Ethylcyc10hexane 1 8 7 1 0 7 8 0 

Aniline 2 7 7 0 0 7 7 2 

n-Butanol 1 5 3 2 0 3 3 



RESULTS 

Ratio of Melting Point to Boiling Point 

The ratio of the melting point to the boiling point for all of the compounds is 

TnzlTb = 0.576 

n= 1491, s=0.111 

The inclusion of the rotational symmetry number gives, 

TmlTb = 0.555 + 0.204 LOGSIG 

n = 1491, s = 0.099 

Accounting for flexibility, rigidity and hydrogen bonding gives 

T mlTb = 0.51 + 0.20 LOGSIG + 0.0049 RIGID1 

- 0.0056 FLEX1 + 0.34 HB 

n = 1491, s = 0.091 

(8.15) 

(8.16) 

(8.17) 
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Note that for monatomic molecules (LOGSIG = 2.3, RIGIDI = 1 and FLEXI = 0) the 

above equations give a ratio of near unity (0.97), which is in agreement with the fact that 

spherical molecules have similar melting and boiling points. 

While the above relationships have about a 20 percent error, they do demonstrate a 

corresponding states model However, greater predictive accuracy can be obtained by 

multiple linear regression of one transition temperature in terms of the other. 
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Calculation of Boiling Point from Melting Point 

Some of the regression equations obtained for the estimation of boiling point are 

summarized in Table 8.2. All of the coefficients listed are significant at the 0.000 I 

probability level and have absolute T values greater than 5 except those that are enclosed 

in square brackets. 

After testing the above and many other models, the following generalizations can be 

made: 

1.) The intercept for all models is nearly constant, ranging from 186 to 197. 

2.) The coefficient of TM is nearly constant with a value near 0.51, cf Eqs. (8.18) thru 

(8.21). 

3.) The coefficient ofLOGSIG is nearly constant, ranging from -49.2 to -53.9. 

4.) The coefficients of RIGID, FLEX, and BRANCH are similar as are the coefficients of 

RIGID2, FLEX2, and BRANCH2. 

5.) While all equations have similar root mean square errors (R.M.S.E.), the equations 

which utilize RIGID2 are consistently more accurate than those that use RIGID. 

6.) The hydrogen bonding parameter is nearly constant, ranging from 10.6 to 13.5. 

The constancy of the intercept, the coefficient ofTM, and the coefficient ofLOGSIG are 

particularly noteworthy and support a corresponding states type relationship. In such a 

relationship the combination of symmetry, flexibility, and eccentricity would be 

analogous to the accentric factor. 

It is fortuitous that the coefficients of the RIGID2 and FLEX2 terms are similar. This 

fact, and the facts that there are few BRANCHl atoms and the coefficient of branch is of 
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low statistical significance, are responsible for the relative success of the various TOTAL 

terms. In view of the fact that the five parameter equations (Eq. (8.20) and Eq. (2.21» in 

Table 8.2 are comparable in accuracy to the seven parameter equations their use is 

preferred. The use of either TOTAL 1 or TOT AL2 eliminates the need to assign 

individual atoms to the RIGID, FLEX, or BRANCH categories. Since Eq. (8.21) gives 

better correlation than Eq. (8.20), its use is recommended. 

Calculation of Melting Point from Boiling Point 

Some of the regression equations obtained for the estimation of melting point are 

summarized in Table 8.3. All of the coefficients listed are significant at the 0.0001 

probability level and have absolute T values greater than 5 except for the coefficients of 

BRANCH and BRANCH2 as indicated with square brackets. 

As in the case of boiling point, the coefficient of LOGSIG is nearly constant as are the 

intercept and the coefficient for TM. Also, as in the case of boiling point, all of the 

models have similar root mean square errors and correlation coefficients. The calculation 

of melting point from boiling point is somewhat less accurate than the calculation of 

boiling point from melting point as described above. However, since there are virtually 

no schemes for it's calculation, these relationships are potentially important in 

understanding those factors which effect melting point. 

Eq. (8.25) is recommended for the calculation of melting point for exactly the same 

reasons used in the selection ofEq. (8.21) for the calculation of boiling point. 



TABLE 8.2: Equations for calculating TB 

R2 R.M.S.E EQUATION 

0.900 30.5 197 + 0.516 TM - 53.9 LOGSIG + 15.0 RIGID 

+ 13.0 FLEX + 6.62 BRANCH + 10.6 HB (8.18) 

0.916 28.0 195 + 0.460 TM - 52.3 LOGSIG + 16.4 RIGID2 

+ 13.8 FLEX2 + 8.05 BRANCH2 + 13.5 HB (8.19) 

0.891 3l.9 188 + 0.564 TM - 50.9 LOGSIG + 13.8 TOTAL 

+ 10.7 HB 

0.905 29.8 186 + 0.519 TM - 49.2 LOGSIG + 14.8 TOTAL2 

+ 13.4HB 

(8.20) 

(8.21) 
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TABLE 8.3. Equations for calculating TM 

R2 R.M.S.E. EQUATION 

0.775 39.3 -101 + 0.859 TB + 83.0LOGSIG - 4.05 RIGID 

-7.94FLEX + [0.165] BRANCH + 7.62HB (8.22) 

0.777 39.2 -109 + 0.903 TB + 84.5 LOGSIG - 5.22 RIGID2 

- 8.74 FLEX2 - [0.474] BRANCH2 + 6.09 HB (8.23) 

0.760 40.7 -111 + 0.913TB + 89.3 LOGSIG - 6.11 TOTAL 

+ 6.88HB (8.24) 

0.762 40.4 -119 + 0.956 TB + 90.5 LOGSIG - 7.20 TOTAL2 

+ 5.04HB (8.25) 
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DISCUSSION 

The parameters used to describe a molecule account for the symmetry and to a large 

extent the molecular connectivity of the molecule. Each large atom is included in one and 

only one of the above parameters. No attempt is made to distinguish the elemental nature 

of the large atoms (other than sulfur, bromine, and iodine as described above). The lack 

of measured geometric distances such as molecular dimensions, or moments of inertia 

eliminates the need to obtain atomic and group contributions for various molecular 

constituents. It therefore enables the method to be used manually, even for compounds 

with uncommon atomic combinations. 

The intercept in the equations of Table 8.2 can be interpreted as the boiling point of a 

hypothetical point molecule which melts at absolute zero and has unit symmetry. Since 

spherical molecules are assigned a symmetry number of 200 and a LOGSIG of 2.301 

(Dannenfelser et aI., 1993), a spherical point molecule which melts at absolute zero 

would be expected to have a boiling near it's theoretical value of absolute zero. Spherical 

real molecules have finite melting points which are close to their boiling points. For 

example, the melting point for the nearly spherical methane molecule (91K), is quite 

close to its observed boiling point of 112K 

Entropy of melting is very dependent on molecular symmetry and correspondingly the 

parameter LOGSIG (Dannenfelser et aI., 1993). Boiling points are much less sensitive to 

symmetry. The importance of symmetry to the melting point and the boiling point can 

be illustrated with the chlorotoluenes. Although the meta, ortho and par? positioned 

chlorotoluenes have boiling points which are nearly identical (435, 432 and 435 Kelvin 

respectively), their melting points of225, 238 and 281 Kelvin, respectively, are different. 
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The more symmetrical para positioned chlorotoulene (sigma = 2) melts higher than the 

less symmetrical meta (sigma = 1) and ortho (sigma = 1 ) compounds. Similarly, 

anthracene (sigma = 4, mp = 489K) melts higher than its less symmetrical isomer 

phenanthrene (sigma = 2, mp = 374K). Both compounds boil at 613K The constancy of 

the coefficient of LOGSIG in all of the models confirms its applicability to melting 

entropy. 

From a conceptual point of view it is rational that RIGID2 is a better parameter than 

RIGID because it reflects more accurately the size of the rigid portion of the molecule. 

It is also rational that BRANCH and BRANCH2 are less significant because these atoms 

do not contribute to either the eccentricity nor the flexibility of the molecule. 

It can be seen from Tables 8.2 and 8.3 that the combinations of the RIGID, FLEX, and 

BRANCH parameters provide only slight improvement over the TOTAL parameters for 

the calculation of boiling point and melting point. This is due to the fact that the 

coefficients of the RIGID and FLEX parameters are similar and only a small fraction of 

the atoms are classified as BRANCH. For this reason, and because of their greater 

simplicity, Eqs. (8.21) and (8.25) are recommended for estimating boiling point and 

melting point, respectively. 

In spite of its simplicity and the lack of a rigorous interpretation of the parameters, 

Eq. (8.21) of Table 8.2 provides an excellent estimation of boiling point from melting 

point data. Similarly, Eq. (8.25) of Table 8.3 provides a reasonably accurate means of 

estimating melting point from boiling point. The use of the above equations requires only 

a count of the total number of large atoms in the molecule with the above described 
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modifications for bromine, sulfur, and iodine. Although assigning more specific values to 

various large atoms and groups would, no doubt, improve the accuracy of melting point 

or boiling point calculation, it would reduce both the simplicity and the applicability of 

the method. The calculation in its present form is simple to use and gives surprisingly 

good estimates of either boiling point or melting point. 

Comparison to Other Methods 

At present, the most commonly used group contribution method for the calculation of 

transition temperatures is that of Joback and Reid (1987). As stated previously, one of 

the major drawbacks of group contribution techniques is that they are generally limited 

to certain structural fragments. The method of Joback is relatively extensive. Of the 

1491 used in this study, 1361 compounds can be estimated using Joback's equations. 

The melting and boiling points of these 1361 compounds were calculated using Joback's 

equations. The root mean square error for the calculation of boiling point and melting 

point are 36.6°C and 49.9°C, respectively. For those same 1361 compounds, the use of 

Eq. (8.21) gives a root mean square error of 28.6°C for boiling point and 40.2°C for 

melting point. 

Since there are many more methods for estimating boiling point than there are for 

estimating melting point, it was determined that additional comparisons to other boiling 

point methods would be helpful in determining the relative accuarcy of Eq. (8.21). 

However, a comparison to all existing methods is not possible within the confines of this 

work. Fortunately, many of the boiling point estimation methods have already been 

compared in Lyman's Handbook of Chemical Property Estimation Methods (Lyman et 
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aI., 1982). Of the seven methods tested, three are limited to strictly hydrocarbons. Of the 

remaining four methods, the method of Meissner is the most accurate as well as being 

the easiest to use. 

Meissner's method is based on a correlation of boiling points with molar refraction, RD, 

parachor, P, and compound type, B. From the correlation, Meissner (see Lyman et at, 

1982) found the following relationship for boiling point, BP (K), 

[ ]

1.47 
637 RD +B 

BP = [p] (8.26) 

The molar refraction and parachor are generally not known, however, they usually can 

be calculated by using group contribution methods. The parameter B is a constant which 

varies depending on the compound type (i.e., acidic, aromatic etc.). 

Eq. (8.21) was applied directly to the 44 structurally diverse compounds found in the test 

set given in Chapter 12 (Table 12-2) in Lyman's Handbook of Chemical Property 

Estimation Methods (Lyman et at, 1982). The results of both Eq. (8.21) and Meissner's 

method are given in Table 8.4. Meissner's method gives an overall absolute average 

error 2S.2K while the average absolute error in using Eq. (8.21) is only about one degree 

higher at 26.4K Both methods were only able to estimate boiling points for 43 of the 44 

compounds. Meissner's method was unable to handle the nitro group necessary for 

nitrobenzene and Eq. (8.21) could not be used on nitrosodimethylamine because a 

literature melting point could not be found for this compound. However, the literature 

does state (Merck, 1989) that nitrosodimethylamine is a liquid at room temperature, and 
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Eq. (8.25) correctly predicts that nitrosodimethylamine would be liquid at room 

temperature (mp = 251K). 

At this point, it is pertinant to emphasize that the major utility of the relationships 

developed in this work will be in the calculation of boiling point. As discussed in the 

previopus chapters, boiling points are always necessary for the prediction of vapor 

pressure and subsequently He~s law constants. Melting points are only necessary in 

the estimation of solubility and vapor pressure when the compound is a solid at room 

temperature. The melting points of solids are generally known and they are almost 

always measurable. However, the boiling points of these solids are generally less 

avaiable. Boiling points are often not available because many compounds decompose 

before boiling. The lack of boiling point data for solids can be illustrated by looking at an 

EPA report of 129 priority pollutants (Environmental Protection Agency, 1979; 

Environmental Protection Agency, 1980). In these physical property compilations only 

14 of the 52 organic solids had documented normal boiling points. In fact it is safe to say 

that, the higher the melting point, the less likely there will be a known boiling point. 

Hence, another major aspect to Eq. (8.21) is how well it predicts boiling points for those 

compounds which are solid at room temperature. Of the 1491 compounds used, 500 

are solids. The root mean square error for these 500 compounds using Eq. (8.21) is 

32.9K Very similar to the overall RMSE of 29.8K, indicating that Eq. (8.21) is not 

significantly less accurate for solids. In comparison, when Ioback's method is used soley 

on the solid compounds the root mean square error in estimating boiling point is 50.2K 



137 

The same companson can be made with Meissner's method. Of the compounds in 

Table S.4, 17 are solid at room temperature. For these 17 compounds the average 

absolute error for Eq. (2.21) is 27.6K while Messiner's method gives an average absolute 

error of 3S.0K Since Meissner's overall error was 2S.2K, it is clearly worse on solid 

compounds. And once again, Eq. (2.21) yeilds an error which is comparable to the 

overall average of the whole set (26.4K). 

As can be seen from the comparisons discussed above, the equations developed in this 

report are very comparable in error to other existing methods. In fact for estimating 

boiling points of solid compounds, the method described herein (Eq. (S.21» is 

substantially better than the other methods tested. 
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TABLE 8.4: Comapison between Eq. (8.21) and the method of Meissner (Eq. (8.26». 

NAME Eq. (8.21) Eq. (8.26) 
TM TB 
(K) (K) pred. err. pred. err. 

Methane 90 109 132 -23 116 -7 
Butane 135 273 315 -42 273 0 

Isobutane 114 261 304 -43 278 -17 
Dodecane 263 489 501 -12 478 11 

Cyclohexane 280 354 381 -27 339 15 
Ethylene 104 169 205 -36 172 -3 
Benzene 279 353 366 -13 367 -14 
m-Xylene 225 412 407 5 413 -1 
Anthracene 489 613 618 -5 574 39 
Chrysene 527 721 712 9 652 69 
Coronene 712 798 858 -60 764 34 
Dibutyl sulfide 193 458 434 24 452 6 
Diphenyl sulfide 233 569 514 55 579 -10 
Thiophene 235 357 382 -25 369 -12 
Benzothiophene 304 494 493 1 498 -4 
2-Fluoronaphthalene 334 485 508 -23 465 20 
p-Dichlorobenzene 326 447 444 3 445 2 
Bromoform 281 423 412 11 416 7 
Methylene chloride 178 313 308 5 251 62 
Aniline 267 457 440 17 429 28 
Phenylaniline 326 575 575 0 556 19 
Dimethyl amine 180 281 333 -52 234 47 
Benzonitrile 260 464 425 39 463 1 
Pyridine 231 389 380 9 374 15 
Indole 325 527 502 25 473 54 
Benzidine 390 673 619 54 578 95 
Acridine 381 619 577 42 583 36 
Nitrobenzene 279 484 449 35 
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TABLE 8.4: Continued. 

NAME Eq. (8.21) Eq. (8.26) 
TM TB 
(K) (K) pred. err. pred. err. 

Ethanol 143 352 318 34 351 1 

Benzyl alcohol 258 478 452 26 472 7 
Benzophenone 323 579 561 18 574 5 

Anthraquinone 559 653 684 -31 619 34 
Dibutyl phthalate 238 613 606 7 603 10 
Xanthene 374 584 573 11 569 15 
Methyl ethyl ketone 186 353 357 -4 350 3 
Furan 187 305 342 -37 332 27 

Chloroethylvinylether 203 382 380 2 368 16 

p-Chloro-m-cresol 339 508 509 -1 516 -8 
Benzothiazole 271 504 475 29 556 -52 
Coumarin 344 575 528 47 453 122 
Nicotine 194 519 464 55 503 16 

p-Bromophenylisocyanate 316 432 499 -67 464 -32 
Nitro so dimethylamine 425 346 79 

2,4-Thiazolidine-dione 398 452 524 -72 424 28 

Average Absolute Error 26.4 25.2 
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CONCLUSION 

Simple relationships have been developed which enable the calculation of boiling point or 

melting point from chemical structure and knowledge of the other value. Although the 

equations presented are largly empirica~ they are conceptually reasonable. 

The methods presented have been shown to be comprable in accuracy to other existing 

models. In estimating the boiling point of solid compounds, the methods developed in 

this study are more accurate than than both Joback and Meissner. However, due to the 

fact that there is still a significant error in predictions, the general applicability to this 

method should be used with caution. Whenever possible they should be used in 

combination with other existing methods. 

The major advantage to the relationships presented is in the fact there are no structural 

restrictions. Consequently, when estimating physical properties such as vapor pressure or 

Henry's constant, this work will ensure that a resonable estimate of boiling point or 

melting point can always be made. 



CHAPTER 9 

VALIDATION 

1-1-1 

The previous chapters have developed methods for estimating the aqueous solubility, 

vapor pressure and Henry's law constant directly from the knowledge of structure and a 

single experimental transition temperature of an organic compound. A summary of the 

overall scheme is given in Figure 9. 1. The figure shows the chapter( s) in which each of 

the physical properties are considered. 

To evaluate the above relationships, the aqueous solubilities, vapor pressures and 

Henry's law constants have been estimated for an independent set of compounds. The 

compounds and data are taken directly from the compilation found in Table 15-4 of the 

Handbook of Chemical Property Estimation Methods by Lyman, Reehl and Rosenblatt 

(1982). All of the solids and liquids which have AQUAFAC group contribution values 

are used for comparison. In all there are 30 functionally diverse compounds that are 

compared. Note that the aroc1ors are not used because they are mixtures of 

polychlorinated biphenyls and are not pure components. The favorable results for the 

prediction of all three physical properties follows. 
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FIGURE 9.1: Relationships between the. physical properties and the chapters in which 

they are considered 
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Aqueous Solubility 

The aqueous solubilities were predicted by combining the ideal solubility of a solid with 

AQUAFAC as described in Chapter 5 (Eq. (5.3». For liquid solutes the solubilities are 

simply the sum of AQUAF AC q-values. The predicted solubilities and errors are given in 

Table 9.1 along with the experimental solubilities and melting points .. 

The aqueous solubilities calculated from Eq (5.3) are in very good agreement with the 

observed solubilities. The average absolute error corresponds to a factor of 2.4, which is 

close to experimental error of the measurement. Only DDT and Epichlorohydrin have 

errors which are greater than a log unit. It is important to note that the reported 

solubilities for DDT in the AQUASOL dATAbASE range from -7.00 to -8.5 moleslliter. 

As a result, the predicted solubility of -7.35 is well within the range of experimental 

solubilities and should not be considered a serious outlier. No other solubilities could be 

found for epichlorohyrin, however, the surprisingly high aqueous solubility observed may 

have been a result of the degradation of the epoxide to a diol in aqueous solution. In 

spite of these two compounds, the overall results for the estimation of aqueous 

solubilities are very good. 
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TABLE 9.1: Estimation of aqueous solubility 

Tm LogSw Eq. (5.3) 

(K) (Molar) 

Compound (298K) Pred. Error 

Dieldrin 449 -6.18 -6.01 -0.17 

Lindane 386 -4.60 -4.66 0.06 

Pentachlorophenol 463 -4.28 -4.71 0.43 

4-t-Butylphenol 371 -2.17 -3.08 0.91 

Aldrin 377 -6.26 -5.83 -0.43 

Nitrobenzene 279 -1.79 -2.00 0.21 

Epichlorohydrin 247 -0.15 -1.48 1.33 

DDT 382 -8.47 -7.35 -1.12 

Phenanthrene 373 -5.15 -5.15 0.00 

Acenaphthene 368 -4.60 -4.16 -0.44 

Acetylene tetrabromide 273 -2.72 -2.13 -0.59 

Ethylene dibromide 282 -1.64 -1.85 0.21 

Ethylene dichloride 233 -1.09 -1.87 0.78 

Naphthalene 353 -3.59 -3.63 0.04 

Biphenyl 343 -4.30 -4.19 -0.11 

Methylene chloride 178 -0.81 -1.32 0.51 

Chlorobenzene 228 -2.38 -2.54 0.16 

Chloroform 209 -1.17 -1.47 0.30 

o-Xylene 248 -2.77 -2.74 -0.03 

Benzene 279 -1.64 -1.92 0.28 

Toluene 178 -2.25 -2.33 0.08 

Perchloroethylene 251 -2.62 -2.98 0.36 

Ethyl benzene 178 -2.84 -2.87 0.03 

Trichloroethylene 188 -2.12 -2.38 0.26 

Cumene liq -3.38 -3.63 0.25 

1,1,1-Trichloroethane 240 -2.15 -1.89 -0.26 

Carbon tetrachloride 250 . -2.28 -1.57 -0.71 
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TABLE 9.1: Continued 

Tm LogSw Eq. (5.3) 

(K) (Molar) 

Compound (298K) Pred. Error 

Ethyl bromide 154 -2.08 -1.63 -0.45 

2,2,4-Trimethyl pentane 166 -4.68 -4.39 0.29 

n-Octane 216 -5.24 -4.68 -0.56 

Average Absolute Error 0.38 
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Yap or Pressure 

As given in Chapter 6, the vapor pressure can be calculated by snmming the ideal 

solubilities of the gas and solid. Table 9.2 gives the experimental melting points, boiling 

points and observed vapor pressures along with the predicted vapor pressures using 

Eq. (6.15) and associated errors. 

The errors for the predicted vapor pressures are in general agreement with most of the 

experimental values given by Lyman et al. The overall average absolute error is 0.25 log 

units. However, of the seven compounds with the largest errors, six different literature 

values were found which support the predicted vapor pressure. These additional vapor 

pressures are given in the fifth column of Table 9.2. If these six values are used instead 

of the values given by Lyman et al. (1982) then the average absolute error is reduced to 

0.11 log units. Hence it is clear that the predicted vapor pressures using Eq. (6.15) are 

well within the range of experimental values and at worst has a factor of error of 1.8 for 

the compounds tested. 

It is important to note that 5 of the compounds in Table 9.2 have boiling points that 

were estimated using the method developed in Chapter 8 (Eq. (8.21». These 

compounds are denoted by an asterisk (*) in the boiling point column. Three of the 

compounds have errors in the predicted vapor pressure which are 0.11 log units or less. 

The other two compounds have predicted vapor pressures that agree well with the 

additional vapor pressures listed in the table. Overall, it is clear that the compounds 

which have predicted boiling points are not any less accurate than those compounds 

which have measured boiling points. 
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TABLE 9.2: Estimation ofvapor pressure 

Tm Tb LogP# LogP Eq. (6.15) 

(K) (K) (atm) other lit. 

Compound (298K) values Pred. Error 

Dieldrin 449 700* -9.89 -9.96 0.08 

Lindane 386 564* -7.91 (-6.681) -6.11 -1.80 

Pentachlorophenol 463 583 -6.75 (-7.702) -7.74 0.99 

4-t-Butylphenol 371 510 -4.22 -5.13 0.91 

Aldrin 377 648* -8.10 -7.99 ..;0.11 

Nitrobenzene 279 483 -3.46 -3.45 -0.01 

Epichlorohydrin 247 391 -1.64 -1.59 -0.04 

DDT 382 665* -9.89 (-8.141) -8.45 -1.44 

Phenanthrene 373 613 -6.55 (-6.803) -7.04 0.49 

Acenaphthene 368 552 -5.43 -5.59 0.16 

Acetylene tetrabromide 273 476* -3.40 -3.30 -0.10 

Ethylene dibromide 282 404 -1.82 -1.84 0.02 

Ethylene dichloride 233 356 -1.05 -0.95 -0.09 

Naphthalene 353 491 -3.52 (-4.003) -4.06 0.53 

Biphenyl 343 528 -4.13 (-4.903) -4.79 0.66 

Methylene chloride 178 313 -0.34 -0.23 -0.11 

Chlorobenzene 228 404 -1.79 -1.84 0.05 

Chloroform 209 335 -0.50 -0.59 0.09 

o-Xylene 248 417 -2.06 -2.10 0.04 

Benzene 279 353 -0.90 -0.90 0.00 

Toluene 178 384 -1.43 -1.46 0.03 

Perchloroethylene 251 394 -1.70 -1.65 -0.05 

Ethyl benzene 178 409 -1.90 -1.94 0.04 

Trichloroethylene 188 360 -1.10 -1.02 -0.07 

Cumene liq 425 -2.22 -2.25 0.04 

1,1,1-Trichloroethane 240 347 -0.89 -0.79 -0.09 

Carbon tetrachloride 250 350 -0.92 -0.85 -0.07 



TABLE 9.2: Continued 

Tm Tb 

(K) (K) 

Compound 

Ethyl bromide 154 311 

2,2,4-Trimethyl pentane 166 372 

n-Octane 216 399 

Average Absolute Error 

* -Estimated boiling point using Eq. (8.21) 

# - Lyman et al. (1982) 

1 - Evironmental Protection Agency (1990) 

2 - Suntio et aI. (1988) 

3 - Banneljee et aI. (1990) 
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LogP * LogP Eq. (6.15) 

(atm) Lit. 

(298K) Pred. Error 

-0.22 -0.20 -0.02 

-1.19 -1.25 0.07 

-1.73 -1.80 0.07 

0.25 
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Henry's Law Constant 

The Henry's law constant is calculated by simply dividing the vapor pressure by the 

aqueous solubility. The observed HLC for the 30 compounds considered in this study 

are given in Table 9.3 along with the predicted values using Eq. (7.4). The error of the 

predicted value is given in the last column of the table. 

The average absolute error for the calculation of Henry's law constant corresponds to a 

factor of about 2.5. All of the compounds have estimates which are very reasonable and 

only one compound has an error which is greater than one log unit. 
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TABLE 9.3: Estimation of Henry's law constant 

LogHLC Eq. (7.4) 

[atm-m3
] 

Mol 

Compound Pred. Error 

Dieldrin -6.70 -6.95 0.26 

Lindane -5.39 -4.45 -0.93 

Pentachlorophenol -5.47 -6.03 0.56 

4-t-Butylphenol -5.04 -5.05 0.01 

Aldrin -4.85 -5.16 0.30 

Nitrobenzene -4.66 -4.45 -0.20 

Epichlorohydrin -4.49 -3.11 -1.38 

DDT -4.42 -4.10 -0.32 

Phenanthrene -4.41 -4.89 0.48 

Acenaphthene -3.82 -4.43 0.61 

Acetylene tetrabromide -3.68 -4.17 0.50 

Ethylene dibromide -3.18 -2.99 0.19 

Ethylene dichloride -2.96 -2.08 -0.88 

Naphthalene -2.94 -3.43 0.49 

Biphenyl -2.82 -3.60 0.77 

Ethylene chloride -2.52 -1.91 0.61 

Chlorobenzene -2.43 -2.30 -0.13 

Chloroform -2.32 -2.12 -0.20 

o-Xylene -2.29 -2.36 0.06 

Benzene -2.26 -1.98 -0.28 

Toluene -2.18 -2.13 -0.05 

Perchloroethylene -2.08 -1.67 -0.41 

Ethyl benzene -2.06 -2.07 0.01 

Trichloroethylene -2.00 -1.64 -0.36 

Cumene -1.82 -1.62 -0.20 

1,1,1-Trichloroethane -1.74 -1.90 0.16 
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TABLE 9.3: Continued 

LogHLC Eq. (7.4) 

[ atm
o

m
3

] 
Mol 

Compound Pred. Error 

Carbon tetrachloride -1.64 -2.28 0.64 

Ethyl bromide -1.14 -1.57 0.43 

2,2,4-Trimethyl pentane 0.49 0.14 0.36 

n-Octane 0.51 -0.12 0.63 

Average Absolute Error 0.41 
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CONCLUSION 

The methods developed in the previous chapters, which have no adjustable parameters, 

have been applied successfully to an independent set of 30 environmentally relevant 

compounds. For all three physical properties predicted (aqueous solubility, vapor 

pressiIre and Henry's law constant) the average absolute errors are very reasonable. In 

addition, it has been shown that the boiling point estimation method derived in Chapter 

8, is sufficiently accurate to obtain reasonable estimations of vapor pressure. 

Because of the relative success of the methods in estimating the physical properties of a 

large number of structurally diverse compounds, it is believed that the scheme can prove 

to be a valuable tool in calculating environmentally relevant properties of organic 

compounds. Since the methods developed can calculate all properties directly from 

structure and a single experimental transition temperature, it can be particularly useful 

for those compounds which have just been synthesized. 
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APPENDIX A: EXPERIMENTAL AND CALCULATED ENTROPIES OF 
MELTING 

NAME Tm .1.Sm REF* (j q, .1.Sm 
(OC) Eq. (2.14) 

Diphenylmethane 26.0 13.65 2 2 1 12.1 
Isoquinoline 26.5 11.53 1 1 1 13.5 
1,2-Diiodobenzene 27.0 11.40 2 2 1 12.1 
o-Cresol 30.0 12.50 2 1 1 13.5 
2-Chlorobiphenyl 32.0 11.38 1 1 1 13.5 
o-Chloronitrobenzene 32.5 13.25 2 1 1 13.5 
m-Chlorophenol 33.0 9.200 2 1 1 13.5 
2-Methylnaphthalene 35.0 9.420 1 1 1 13.5 
p-Cresol 35.5 9.690 2 2 1 12.1 
1,3-Diiodobenzene 40.0 12.50 2 2 1 12.1 
Phenol 40.9 8.220 2 2 1 12.1 
2,4-Dichlorophenol 42.0 15.11 1 1 1 13.5 
Phenyl Salicylate 42.0 14.80 6 1 1 13.5 
p-Chlorophenol 43.2 11.10 2 2 1 12.1 
0-Nitrophenol 44.0 11.97 2 1 1 13.5 
p-Toluidine 44.5 13.33 2 2 1 12.1 
m-Chloronitrobenzene 46.0 14.77 2 1 1 13.5 
Benzophenone 48.5 12.65 2 2 1 12.1 
2,6-Xylenol 49.0 14.18 1 2 1 12.1 
1-Naphthylamine 50.0 14.86 2 1 1 13.5 
1,2,3-Trichlorobenzene 51.0 12.70 6 2 1 12.1 
Pentamethylbenzene 51.0 7.880 1 2 1 12.1 
Thymol 51.5 16.20 5 1 1 13.5 
Pentyl p-Aminobenzoate 52.0 17.60 4 1 27 20.1 
p-Nitrotoluene 53.0 11.95 2 2 1 12.1 
1,4-Dichlorobenzene (tr) 31.4 1.100 1 

53.0 13.34 1 4 1 10.7 
Perthane 57.0 18.17 3 1 1 13.5 
0-Terphenyl 58.0 12.50 1 2 1 12.1 
2-Bromonaphthalene (tr) 46.0 4.320 5 

59.0 11.00 5 1 1 13.5 
2-Chloronaphthalene 59.0 10.60 6 1 1 13.5 
1-Nitronaphthalene 59.5 13.35 2 1 1 13.5 
Hexyl p-Aminobenzoate 61.0 23.70 4 1 81 22.3 
3,4-Xylenol (?2.5 12.98 1 1 1 13.5 
1,3,5-Trichlorobenzene 64.0 13.90 6 6 1 9.92 
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APPENDIX A: Continued 

NAME Tm ~Sm REF* 0' 4> ~Sm 
(OC) Eq. (2.14) 

3,5-Xylenol 64.0 12.77 1 2 1 12.1 
p-Bromophenol 64.0 10.55 2 2 1 12.1 
1-Bromo-4-chlorobenzene 67.0 13.28 1 2 1 12.1 
Norethindrone Heptanoate 67.0 15.19 1 1 243 24.5 
2,6-Dichlorophenol 67.0 15.58 1 2 1 12.1 
3,4-Dichlorophenol 67.0 14.68 1 1 1 13.5 
3,5-Dichlorophenol 68.0 14.38 1 2 1 12.1 
2,4-Dinitrotoluene 68.5 13.80 2 1 1 13.5 
Diphenyl 69.0 13.00 1 4 1 10.7 
0-Nitroaniline 70.0 11.23 2 1 1 13.5 
p-Chloroaniline 72.5 13.80 2 2 1 12.1 
o,p'-DDT 74.0 18.62 3 1 1 13.5 
n-PTopylp-~obenzoate 74.0 14.20 4 1 3 15.7 
2,5-Xylenol 75.0 16.07 1 1 1 13.5 
2,3-Xylenol 75.0 14.53 1 1 1 13.5 
o,p'-DDE 76.5 20.77 3 1 1 13.5 
4-Chlorobiphenyl 77.0 9.130 1 1 1 13.5 
Durene 80.0 14.35 2 4 1 10.7 
Naphthalene 80.0 12.87 2 4 1 10.7 
Methoxychlor 82.5 18.20 3 1 1 13.5 
p-Chloronitrobenzene 83.0 13.10 2 2 1 12.1 
p,p'-DDE 89.0 15.98 3 1 1 13.5 
Ethyl p-~obenzoate 39.0 14.70 4 1 1 13.5 
m-Dinitrobenzene 89.5 12.21 2 2 1 12.1 
1-Bromo-4-iodobenzene 91.0 11.70 2 2 1 12.1 
Acenaphthene 94.0 13.85 2 2 1 12.1 
p-Iodophenol 94.0 9.170 8 2 1 12.1 
I-Naphthol 96.0 14.65 2 1 1 13.5 
m-Nitrophenol 97.0 13.65 2 1 1 13.5 
Phenanthrene (tr) 69.0 1.800 1 

100.0 11.90 1 2 1 12.1 
2,3-Dimethylnaphthalene 103.0 12.60 2 2 1 12.1 
Pyrocatechol 105.0 14.50 2 2 1 12.1 
Menadione 106.0 12.37 8 1 1 13.5 
2-Cyclohexyl-4,6-dinitrophenol 106.0 17.69 3 1 1 13.5 
Phenanthridine (tr) ~1.0 0.010 1 

106.5 14.38 1 1 1 13.5 
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APPEND IX A: Continued 

NAME Tm ~Sm REF* cr ~ ~Sm 
(OC) Eq. (2.14) 

DDT 107.0 15.93 3 1 1 13.5 
Auoranthene 107.0 11.80 2 1 1 13.5 
0-Toluic Acid 107.0 12.85 2 1 1 13.5 
2,4-Dinitrophenol 107.5 13.60 2 1 1 13.5 
Acridine 108.0 12.91 1 2 1 12.1 
2,6-Dimethylnaphthalene 109.0 15.20 2 2 1 12.1 
Pindone 109.0 13.45 3 1 1 13.5 
Methyl p-Aminobenzoate 110.0 14.00 4 1 1 13.5 
Resorcinol (tr) 94.0 0.780 1 

110.0 11.80 1 2 1 12.1 
2-Naphthylamine 112.0 14.40 5 1 1 13.5 
m-Toluic Acid 112.0 9.900 2 1 1 13.5 
Lindane 112.5 9.770 3 1 1 13.5 
p-Nitrophenol 113.0 13.90 2 2 1 12.1 
m-Nitro aniline 114.0 13.73 2 1 1 13.5 
Auorene 115.0 11.92 2 2 1 12.1 
Dicamba 115.0 13.97 3 1 1 13.5 
Quinone 116.0 11.60 2 4 1 10.7 
0-Dinitrobenzene 118.0 13.25 2 2 1 12.1 
Progesterone 121.0 14.43 8 1 1 13.5 
2-Naphthol 121.0 12.40 2 1 1 13.5 
Benzoic Acid 122.0 10.50 2 1 1 13.5 
m-Aminophenol 125.0 11.20 2 1 1 13.5 
1,4-Diiodobenzene 131.0 13.50 2 4 1 10.7 
Cinnamic Acid 133.0 13.30 6 1 1 13.5 
Chloroneb 134.5 18.05 3 2 1 12.1 
m-Nitrobenzoic Acid 142.0 11.25 2 1 1 13.5 
o-Chlorobenzoic Acid 142.0 14.95 2 1 1 13.5 
o-Aminobenzoic Acid 145.0 11.80 2 1 1 13.5 
Dichlobenil 145.5 14.88 3 2 1 12.1 
p-Nitro aniline 146.0 12.00 2 2 1 12.1 
p-Phenylenediamine 146.0 10.40 2 4 1 10.7 
0-Nitrobenzoic Acid 147.5 16.00 2 1 1 13.5 
o-Bromobenzoic Acid 149.0 13.20 2 1 1 13.5 
m-Bromobenzoic Acid 155.0 11.90 2 1 1 13.5 
Pyrene 156.0 9.790 1 4 1 13.5 
Salicylic Acid 158.0 10.80 2 1 1 13.5 
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APPENDIX A: Continued 

NAME Tm dSm REP* (j <P dSm 
(OC) Eq. (2.14) 

1-Naphthoic Acid 161.0 10.90 5 1 1 13.5 
Phenazine 171.0 11.10 5 4 1 10.7 
o-Aminophenol 172.0 12.80 2 1 1 13.5 
p-Dinitrobenzene 173.5 14.17 2 4 1 10.7 
Hydro quinone 173.5 14.60 2 4 1 10.7 
Pentachlorophenol 174.0 8.860 3 2 1 12.1 
m-Aminobenzoic Acid 174.0 11.60 2 1 1 13.5 
Benzo( a )pyrene (tr) 118.0 6.500 7 

178 9.200 7 1 1 13.5 
Camphor 179.8 10.40 2 1 1 13.5 
p-Toluic Acid 180.0 12.25 2 1 1 13.5 
2-Naphthoic Acid 184.0 12.20 5 1 1 13.5 
Hexachloroethane (tr) 45.0 1.930 1 

(tr) 72.0 5.700 1 
185.0 5.500 1 6 1 9.92 

1,2-Benzofluorene (tr) 127.0 2.270 1 
190.0 9.500 1 1 1 13.5 

p-Aminobenzoic Acid 187.0 10.90 2 1 1 13.5 
Norethindrone Biphenyl-4-Carboxylate 189.0 16.56 1 1 1 13.5 
p-Aminophenol 190.0 16.20 5 2 1 12.1 
Triphenylene 199.0 12.70 2 6 1 9.92 
m-Hydroxybenzoic Acid 202.0 14.70 2 1 1 13.5 
p-Terphenyl 213.0 17.46 1 4 1 10.7 
p-Hydroxybenzoic Acid 214.5 12.20 2 1 1 13.5 
Anthracene 218.0 14.10 2 4 1 10.7 
Norethindrone Dimethylpropionate 227.0 18.09 1 1 1 13.5 
2,4,6-Trinitrobenzoic Acid 228.7 11.80 6 1 1 13.5 
Hexachlorobenzene 231.0 13.70 6 12 1 8.53 



APPENDIX A: Continued 

NAME 

p-Nitrobenzoic Acid 
p-Chlorobenzoic Acid 
p-Bromobenzoic Acid 
Chrysene 
Norethindrone Benzoate 
Perylene 
Naphthacene 

* References 
1 - Domalski and Hearing (1984, 1990) 
2 - Dannenfelser et al. (1993) 
3 - Plato and Glasgow (1969) 
4 - Neau and Flynn (1990) 
5 - Chickos et al. (1991) 
6 - Tsonopoulos (1970) 
7 - Mishra ( 1988) 
8 - Burger and Ramberger (1979) 

242.4 
243.0 
252.0 
254.0 
258.0 
273.0 
341.0 

17.25 
15.05 
15.50 
13.37 
18.71 
14.50 
14.80 

2 
2 
2 
2 
1 
2 
2 

1 
1 
1 
2 
1 
4 
4 

tV 

1 
1 
1 
1 
1 
1 
1 

157 

.1Sm 
Eq. (2.14) 

13.5 
13.5 
13.5 
12.1 
13.5 
10.7 
10.7 
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APPENDIX B: COMPOUNDS USED IN THE DEVELOPMENT OF THE 
AQUAFAC MODEL 

Name log Sa Freq MP logyw 
(mean) eC) (Exper.) 

1,1,3-Trimethylcyclohexane -4.853 3 -65.7 4.853 
1,1,3-Trimethylcyclopentane -4.478 3 -142.0 4.478 
1,2,3-Trimethylbenzene -3.217 4 -25.0 3.217 
1,2-Benzanthracene -7.449 12 155.0 6.162 
1,2-Diethylbenzene -3.276 2 -31.0 3.276 
1,2-Dimethylcyclohexane -4.334 1 <25 4.334 
1,2:3,4-Dibenzanthracene -7.663 2 205.0 6.064 
1,2:5,6-Dibenzanthracene -7.934 6 266.0 5.793 
1,2: 7,8-Dibenzanthracene -7.509 2 196.0 5.990 
1,3-Dimethylnaphthalene -4.291 2 109.0 3.460 
1,4,5-Trimethylnaphthalene -4.915 2 58.0 4.588 
1,4-Diethylbenzelle -3.733 2 -43.0 3.733 
1,4-Dimethylcyclohexane -4.466 2 -87.0 4.466 
1,4-Dimethylnaphthalene -4.137 2 -18.0 4.137 
1,5-Dimethylnaphthalene -4.702 3 82.0 4.196 
1-Ethyl-2-methylbenzene -3.189 3 -80.8 3.189 
1-Ethyl-4-methylbenzene -3.103 1 <25 3.103 
1-Ethylnaphthalene -4.175 3 -15.0 4.175 
1-Methylnaphthalene -3.682 6 -22.0 3.682 
1-Methylphenanthrene -5.872 4 118.0 4.951 
1-Phenylhexane -5.227 3 -61.0 5.227 
10-Methyl-l ,2-benzanthracene -7.343 1 141.0 6.195 
2,2,5-Trimethylhexane -5.212 2 -120.0 5.212 
2,2-Dimethylbutane -3.604 7 -100.0 3.604 
2,2-Dimethylpentane -4.357 3 -123.0 4.357 
2,3,4-Trimethylpentane -4.846 4 -110.0 4.846 
2,3-Dimethylbutane -3.631 4 -129.0 3.631 
2,3-Dimethylhexane -5.757 1 <25 5.757 
2,3-Dimethylnaphthalene -4.793 3 103.0 4.072 
2,3-Dimethylpentane -4.281 3 <25 4.281 
2,4-Dimethylpentane -4.360 7 -123.0 4.360 
2,6-Dimethylnaphthalene -4.893 2 109.0 3.957 
2-Ethylnaphthalene -4.290 1 -70.0 4.290 
2-Methylanthracene -6.936 5 204.0 5.164 
2-Methylbutane :-3.175 6 <25 3.175 
2-Methylhexane -4.596 3 -118.0 4.596 
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APPENDIX B: Continued. 

Name log Sa Freq MP logyw 
(mean) eC) (Exper.) 

2-Methylnaphthalene -3.753 3 35.0 3.684 
2-Methylpentane -3.792 7 -154.0 3.792 
2-0ctylbenzene -5.800 1 <25 5.800 
3,3-Dimethylpentane -4.228 3 -135.0 4.228 
3-Methylcholanthrene -7.939 4 179.0 6.415 
3-Methylheptane -5.159 3 <25 5.159 
3-Methylhexane -4.485 4 -119.0 4.485 
3-Methylpentane -3.785 5 <25 3.785 
4,41

_ Dimethylbiphenyl -6.018 1 125.0 5.231 
4,4-Dimethyloctane -4.811 1 <25 4.811 
4-Methylbiphenyl -4.618 1 49.5 4.400 
4-Methyloctane -6.047 3 <25 6.047 
9,10-Dimethyl-l,2-benzanthracene -6.884 5 122.0 5.924 
9,10-Dimethylanthracene -6.567 2 182.0 5.332 
9-Methyl-l,2-benzanthracene -6.816 1 138.0 5.698 
9-Methylanthracene -5.871 2 79.0 5.391 
Amylbenzene -4.621 2 -75.0 4.621 
Acenaphthene -4.786 9 94.0 4.085 
Anthracene -6.506 22 218.0 4.511 
Benz[g,h,i]perylene -9.089 4 279.0 6.832 
Benzene -1.666 43 6.0 1.666 
Benzo( a )pyrene -8.284 14 179.0 6.511 
Benzo(b )fluoranthene -8.226 1 164.0 6.850 
Benzo( e )pyrene -8.183 3 178.5 6.820 
Chrysene -8.034 9 254.0 5.789 
Coronene -9.138 5 442.0 6.529 
Cumene -3.333 9 -96.9 3.333 
Cycloheptane -3.604 3 -12.0 3.604 
Cyclohexane -3.138 16 6.00 3.138 
Cyclooctane -3.431 2 10.0 3.431 
Cyclopentane -2.600 7 -94.4 2.600 
Decalin -5.192 2 -125.0 5.192 
Decane -6.724 5 -30.0 6.724 
Diphenyl -4.259 22 69.0 3.840 
Dodecane -7.556 3 -10.0 7.556 
Durene :-4.515 4 80.0 3.936 
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APPENDIX B: Continued. 

Name log Sa Freq MP logyw 
(mean) eC) (Exper.) 

Ethyl Cyclohexane -4.251 1 <25 4.251 
Ethylbenzene -2.786 16 -95.0 2.786 
Fluoranthene -5.972 12 107.0 5.255 
Indan -3.079 2 -51.0 3.079 
Isobutylbenzene -4.123 2 <25 4.123 
Isooctane -4.780 10 -107.0 4.780 
Mesitylene -3.430 6 -45.0 3.430 
Methylcyclohexane -3.820 8 <25 3.820 
Methylcyclopentane -3.301 5 -142.0 3.301 
Naphthacene -8.334 4 341.0 4.905 
Naphthalene -3.593 35 80.2 3.074 
Nonane -5.974 5 -53.0 5.974 
Octane -5.100 14 -57.0 5.100 
Pentamethylbenzene -3.980 1 51.0 3.830 
Pentane -3.339 12 -130 3.339 
Perylene -8.965 4 273.0 6.330 
Phenanthrene -5.176 17 100.0 4.535 
Picene -7.756 2 366.0 4.727 
Pseudocumene -3.325 6 -44.0 3.325 
Pyrene -6.296 22 156.0 5.357 
Tetralin -3.459 2 -31.0 3.459 
Toluene -2.212 30 -94.0 2.212 
Triphenylene -7.118 7 199.0 5.498 
Undecane -7.574 2 -26.0 7.574 
cis-l ,2-Dimethylcyclohexane -4.221 2 <25 4.221 
m-Terphenyl -5.183 1 89.0 4.615 
m-Xylene -2.840 13 -47.0 2.840 
n-Butylbenzene -4.001 8 -88.5 4.001 
n-Heptane -4.546 12 -90.7 4.546 
n-Hexane -3.773 18 <25 3.773 
n-Pentylbenzene -4.580 1 <25 4.580 
n-Pentylcyclopentane -6.086 3 <25 6.086 
n-Propylbenzene -3.337 8 -99.2 3.337 
n-Propylcyclopentane -4.740 3 <25 4.740 
0-Terphenyl -5.269 1 58.0 4.967 
o-Xylene ,.2.760 20 -25.0 2.760 
p-Cymene -3.759 1 -68.0 3.759 



Name 

p-Terphenyl 
p-Xylene 
sec-Butylbenzene 
tert-Butylbenzene 

a molar solubility 

APPENDIX B: Continued. 

log Sa Freq MP 
(mean) (OC) 

-7.108 1 
-2.783 15 
-3.906 4 
-3.730 3 

213.0 
13.0 

-82.7 
-58.0 

logyw 
(Exper.) 

5.629 
2.783 
3.906 
3.730 
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APPENDIX C: COMPUNDS USED IN THE EXTENSION OF THE AQUAFAC 
MODEL. 

Name log Sa Freq MP logyw 
(mean) (OC) (Exper.) 

1,1,1-Trichloroethane -2.374 9 -35 2.374 
1,1,2,2-Tetrachloroethane -1.753 5 -36 1.753 
1,1,2-Trichloroethane -1.448 2 -37 1.448 
1,1,2-Trichlorotrifluoroethane -3.042 1 <25 3.042 
1,1,3-Trimethy1cyclohexane -4.853 3 -66 4.853 
1,1,3-Trimethylcyclopentane -4.478 3 -142 4.478 
1,1-Di-p-ethoxyphenyl-2,2,2-trichloroethane -6.360 1 105 5.568 
1,1-Di-p-methoxyphenyl-2,2,2-trichloroethane -5.746 1 143 4.578 
1,1-Di-p-methylphenyl-2,2,2-trichloroethane -5.151 1 83 4.577 
1,2,3,4,6,7,8-Heptachlorodibenzo-p-dioxin -11.220 1 265 8.845 
1,2,3,4,6,7,8-Heptachlorodibenzofuran -11.480 1 236 9.392 
1,2,3,4,7,8-Hexachlorodibenzo-p-dioxin -10.822 2 270 8.397 
1,2, 3,4, 7, 8-Hexachlorodibenzofuran -10.658 1 225 8.679 
1,2,3,4,7-Pentachlorodibenzo-p-dioxin -9.404 2 188 7.791 
1,2,3,4-Tetrachlorobenzene -4.559 6 48 4.355 
1,2,3,4-Tetrachlorodibenzo-p-dioxin -8.806 2 190 7.173 
1,2,3,4-Tetrachloronaphthalene -7.784 2 197 6.256 
1,2,3,5-Tetrachlorobenzene -4.799 7 50 4.577 
1,2,3,5-Tetrachloronaphthalene -7.857 1 141 6.709 
1,2,3,5-Tetrafluorobenzene -2.306 1 -48 2.306 
1,2,3,6,7,8-Hexachlorodibenzofuran -10.320 1 232 8.481 
1,2,3,7-Tetrachlorodibenzo-p-dioxin -8.760 2 175 7.275 
1,2,3-Trichlorobenzene -4.043 7 51 3.801 
1,2,3-Trimethylbenzene -3.217 4 -25 3.217 
1,2,4,5-Tetrabromobenzene -6.980 1 180 5.761 
1,2,4,5-Tetrachlorobenzene -5.495 7 139 4.598 
1,2,4,5-Tetrafluorobenzene -2.376 1 4 2.376 
1,2,4-Tnoromobenzene -4.500 1 42 4.332 
1,2,4-Trichlorobenzene -3.628 9 17 3.628 
1,2,4-Trichlorodibenzo-p-dioxin -7.534 1 129 6.505 
1,2-Benzanthracene -7.449 12 155 6.162 
1,2-Benzofluorene -6.680 2 187 5.282 
1,2-Dibromobenzene -3.500 1 5 3.500 
1,2-Dichlorobenzene -3.036 12 -15 3.036 
1,2-Dichloronaphthalene -6.158 1 34 6.069 
1,2-Diethylbenzene -3.276 2 -31 3.276 
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APPENDIX C: Continued. 

Name log Sa Freq MP logyw 
(mean) (OC) (Exper.) 

1,2-Difluorobenzene -2.000 1 -34 2.000 
1,2-Diiodobenzene -4.240 I 27 4.223 
1,2-Dimethylcyclohexane -4.334 I <25 4.334 
1,2:3,4-Dibenzanthracene -7.663 2 205 6.064 
1,2: 5,6-Dibenzanthracene -7.934 6 266 5.793 
1,2:7,8-Dibenzanthracene -7.508 2 196 5.989 
1,3,5,7-Tetrachloronaphthalene -7.843 1 180 6.309 
1,3,5,8-Tetrachloronaphthalene -7.531 1 131 6.482 
1,3,5-Tribromobenzene -5.600 1 123 4.887 
1,3,5-Trichlorobenzene -4.535 6 64 4.138 
1,3,6,8-Tetrachlorodibenzo-p-dioxin -9.003 2 220 7.073 
1,3,7-Trichloronaphthalene -6.556 1 113 5.685 
1,3-Dibromobenzene -3.380 1 -7 3.380 
1,3-Dichlorobenzene -3.077 10 -24 3.077 
1,3-Dichloropropane -1.928 2 -99 1.928 
1,3-Dichloropropene -1.098 3 <25 1.098 
1,3-Difluorobenzene -2.000 1 -59 2.000 
1,3-Diiodobenzene -4.570 1 40 4.433 
1,3-Dimethylnaphthalene -4.291 2 109 3.460 
1,4,5-Trimethylnaphthalene -4.915 2 58 4.588 
1,4,6,7-Tetrachloronaphthalene -7.516 1 139 6.388 
1,4-Chlorotoluene -3.076 1 7 3.076 
1,4-Cyclohexadiene -2.037 3 -49 2.037 
1,4-Dichlorobenzene -3.417 16 55 3.123 
1,4-Dichloronaphthalene -5.798 1 68 5.416 
1,4-Diethylbenzene -3.732 2 -43 3.732 
1,4-Difluorobenzene -1.970 1 -13 1.970 
1,4-Diiodobenzene -5.250 1 131 4.201 
1,4-Dimethylcyclohexane -4.466 2 -87 4.466 
1,4-Dimethylnaphthalene -4.137 2 -18 4.137 
1,4-Pentadiene -2.087 1 -148 2.087 
1,5-Dichloronaphthalene -5.697 1 106 4.978 
1,5-Dimethylnaphthalene -4.702 3 82 4.196 
1,5-Hexadiene -2.687 1 -141 2.687 
1,6-Heptadiene -3.340 1 -129 3.340 
1,6-Heptadiyne -1. 747 2 -85 1.747 
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APPENDIX C: Continued. 

Name log Sa Freq MP logyw 
(mean) (OC) (Exper.) 

1,8-Cineole -1.644 2 <25 1.644 
1,8-Dichloronaphthalene -5.524 1 89 4.956 
1,8-Nonadiyne -2.983 1 -21 2.983 
1-Aminoacridine -4.222 1 183 2.658 
1-Bromo-2-chlorobenzene -3.190 1 -12 3.190 
1-Bromo-2-fluorobenzene -2.696 1 1 2.696 
1-Bromo-3-chlorobenzene -3.210 1 -22 3.210 
1-Bromo-3-chloropropane -l.848 2 -59 l.848 
1-Bromo-3-fluorobenzene -2.666 1 1 2.666 
1-Bromo-4-chlorobenzene -3.630 1 67 3.221 
1-Bromo-4-iodobenzene -4.560 1 91 3.994 
1-Bromobutane -2.190 1 <25 2.190 
1-Bromoheptane -4.431 2 -56 4.431 
1-Bromohexane -3.807 2 -85 3.807 
1-Bromonaphthalene -4.042 2 6 4.042 
1-Bromooctane -5.060 1 <25 5.060 
I-Bromopentane -3.070 1 <25 3.070 
1-Chloro-2, 4-dinitronaphthalene -5.402 1 148 4.185 
1-Chloro-2-fluorobenzene -2.416 1 -43 2.416 
1-Chloro-2-iodobenzene -3.540 1 1 3.540 
l-Chloro-3-fluorobenzene -2.346 1 -43 2.346 
1-Chloro-3-iodobenzene -3.550 1 1 3.550 
1-Chloro-4-iodobenzene -4.030 1 53 3.781 
1-Chlorobutane -2.020 1 <25 2.020 
1-Chloroheptane -3.996 2 -69 3.996 
1-Chloronaphthalene -4.307 2 -4 4.307 
1-Ethyl-2-methylbenzene -3.189 3 -81 3.189 
1-Ethyl-4-methylbenzene -3.103 1 <25 3.103 
1-Ethylnaphthalene -4.175 3 -15 4.175 
1-Fluoro-2,4-dinitrobenzene -2.668 1 29 2.633 
1-Fluoro-4-iodobenzene -3.126 1 -27 3.126 
1-Heptene -3.733 2 <25 3.733 
1-Heptyne -3.010 1 -81 3.010 
1-Hexene -3.149 6 -140 3.149 
1-Hexyne -2.192 3 -132 2.192 
1-Iodoheptane -4.810 2 -48 4.810 
1-Methyl-1-cyclohexene -3.267 1 <25 3.267 
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APPENDIX C: Continued. 

Name log Sa Freq MP logyw 
(mean) (OC) (Exper.) 

1-Methylfluorene -5.218 2 85 4.624 
1-Methylnaphthalene -3.682 6 -22 3.682 
1-Methylphenanthrene -5.872 4 118 4.952 
I-Naphthoic Acid -3.307 1 161 2.220 
I-Naphthoic Aldehyde -2.871 1 33 2.792 
I-Naphthol -2.246 6 96 1.483 
1-N aphthylamine -1.925 1 50 1.653 
1-Nitro-2-naphthol -2.976 1 104 2.194 
1-Nitronaphthalene -4.275 1 60 3.938 
1-Nitropyrene -7.321 1 154 6.045 
I-Nonene -5.053 2 <25 5.053 
I-Nonyne -4.237 1 -50 4.237 
1-0ctene -4.430 1 <25 4.430 
1-0ctyne -3.662 1 -80 3.662 
I-Pentene -2.676 1 <25 2.676 
I-Pentyne -1. 769 3 -106 1.769 
1-Phenylhexane -5.227 3 -61 5.227 
10-Methyl-l,2-benzanthracene -7.343 1 141 6.195 
2',3,3',4,5-Pentachlorobiphenyl -7.405 1 118 6.485 
2',3,4,5,5'-Pentachlorobiphenyl -7.315 1 105 6.523 
2',3,4,5-Tetrachlorobiphenyl -6.724 1 92 6.061 
2',3,4-Trichlorobiphenyl -6.288 1 60 5.942 
2,2',3',4,5-Pentachlorobiphenyl -7.060 1 81 6.506 
2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl -9.981 5 204 8.209 
2,2',3,3',4,4',5,5'-Octachlorobiphenyl -9.391 2 156 8.227 
2,2',3,3',4,4',5-Heptachlorobipheny! -8.057 1 135 6.968 
2,2',3,3',4,4',6-Heptachlorobiphenyl -8.129 3 117 7.218 
2,2',3,3',4,4'-Hexachlorobiphenyl -8.642 4 150 7.532 
2,2',3,3',4,5,5',6,6'-Nonachlorobiphenyl -10.410 1 182 9.017 
2,2',3,3',4,5,6'-Heptachlorobiphenyl -7.877 1 130 6.838 
2,2',3,3',4,5-Hexachlorobiphenyl -7.905 3 101 7.153 
2,2',3,3',4-Pentachlorobiphenyl -7.050 1 119 6.120 
2,2',3,3',5,5',6,6'-Octachlorobiphenyl -9.363 5 161 8.293 
2,2',3,3',5,6'-Hexachlorobiphenyl -7.445 1 100 6.703 
2,2',3,3',5,6-Hexachlorobiphenyl -7.939 2 112 7.078 
2,2' ,3,3' ,6,6'-Hexachlorobiphenyl -7.705 6 114 6.914 
2,2',3,3'-Tetrachlorobiphenyl -6.936 2 121 6.083 
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APPENDIX C: Continued. 

Name log Sa Freq MP logyw 
(mean) (OC) (Exper.) 

2,2',3,4',5,5',6-Heptachlorobiphenyl -7.943 1 104 7.161 
2,2',3,4'-Tetrachlorobiphenyl -6.681 1 69 6.246 
2,2',3,4,4',5',6-Heptachlorobiphenyl -7.907 1 83 7.333 
2,2',3,4,4',5'-Hexachlorobiphenyl -7.695 1 81 7.141 
2,2',3,4,4',5,5'-Heptachlorobiphenyl -8.011 1 112 7.150 
2,2',3,4,4',5-Hexachlorobiphenyl -7.633 1 77 7.118 
2,2',3,4,4',6-Hexachlorobiphenyl -7.472 1 73 6.997 
2,2',3,4,5'-Pentachlorobiphenyl -7.395 2 112 6.534 
2,2',3,4,5,5',6-Heptachlorobiphenyl -8.316 2 148 7.099 
2,2',3,4,5,5'-Hexachlorobiphenyl -7.679 1 85 7.085 
2,2',3,4,5-Pentachlorobiphenyl -7.178 4 112 6.317 
2,2' ,3, 4, 6-Pentachlorobiphenyl -7.435 1 63 7.059 
2,2',3,5',6-Pentachlorobiphenyl -6.780 1 94 6.097 
2,2',3,5'-Tetrachlorobiphenyl -6.503 2 48 6.275 
2,2',3,5,5',6-Hexachlorobiphenyl -7.425 1 100 6.683 
2,2',3,6'-Tetrachlorobiphenyl -6.440 1 126 5.440 
2,2' ,3-Trichlorobiphenyl -5.944 1 28 5.914 
2,2',4',5-Tetrachlorobiphenyl -7.249 1 66 6.843 
2,2',4,4',5,5'-Hexachlorobiphenyl -8.285 9 113 7.503 
2,2',4,4',6,6'-Hexabromobiphenyl -9.002 1 176 7.814 
2,2',4,4',6,6'-Hexachlorobiphenyl -8.565 5 112 7.881 
2,2' ,4, 4',6-Pentachlorobiphenyl -7.025 1 34 6.936 
2,2',4,4'-Tetrachlorobiphenyl -6.580 2 42 6.429 
2,2',4,5'-Tetrachlorobiphenyl -6.572 1 67 6.156 
2,2',4,5,5'-Pentabromobiphenyl -9.094 1 157 7.788 
2,2',4,5,5'-Pentachlorobiphenyl -7.425 13 77 6.910 
2,2',4,5-Tetrachlorobiphenyl -7.089 2 66 6.683 
2,2',4,6,6'-Pentachlorobiphenyl -7.321 1 85 6.727 
2,2',4,6-Tetrachlorobiphenyl -5.654 1 45 5.456 
2,2',5,5'-Tetrabromobiphenyl -8.064 1 144 7.007 
2,2',5,5'-Tetrachlorobiphenyl -6.754 9 87 6.203 
2,2',5,6'-Tetrachlorobiphenyl -6.619 2 103 5.847 
2,2',5-Trichlorobiphenyl -6.030 6 44 5.842 
2,2',6,6'-Tetrachlorobiphenyl -7.693 2 198 6.332 
2,2',6-Trichlorobiphenyl -5.759 1 87 5.145 
2,2'-Biquinoline -5.400 2 195 3.894 
2,2'-Dichlorobiphenyl -5.379 6 61 5.059 
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APPENDIX C: Continued. 

Name log Sa Freq MP logyw 
(mean) eC) (Exper.) 

2,2'-Dipyridyl -1.388 I 61 1.068 
2,2,3,3-Tetramethyl Propyl p-Aminobenzoate -4.523 I 106 3.721 
2,2,5-Trimethylhexane -5.212 2 -120 5.212 
2,2-Dimethyl Propyl p-Aminobenzoate -3.569 1 86 2.965 
2,2-Dimethylbutane -3.604 7 -100 3.604 
2,2-Dimethylpentane -4.357 3 -123 4.357 
2,3',4',5-Tetrachlorobiphenyl -6.990 2 104 6.208 
2,3',4,4',5-Pentachlorobiphenyl -7.385 1 109 6.554 
2,3',4,4'-Tetrachlorobiphenyl -6.900 1 126 5.900 
2,3',4,6-Tetrachlorobiphenyl -7.155 1 47 6.937 
2,3',5-Trichlorobiphenyl -6.131 2 40 5.983 
2,3',6-Trichlorobiphenyl -6.824 1 25 6.824 
2,3'-Dichlorobiphenyl -5.585 1 25 5.585 
2,3,3',4',5,6-Hexachlorobiphenyl -7.833 3 88 7.209 
2,3,3',4',6-Pentachlorobiphenyl -7.054 1 25 7.054 
2,3,3',4'-Tetrachlorobiphenyl -6.875 1 97 6.162 
2,3,3',4,4',5-Hexachlorobiphenyl -7.831 1 128 6.812 
2,3,3',4,4',6-Hexachlorobiphenyl -7.650 1 107 6.838 
2,3,4',5-Tetrachlorobiphenyl -7.046 1 104 6.264 
2,3,4'-Trichlorobiphenyl -6.260 1 69 5.825 
2,3,4,4',5-Pentachlorobiphenyl -7.310 1 98 6.587 
2,3,4,4'-Tetrachlorobiphenyl -6.875 1 142 5.717 
2,3,4,5,6-Pentachlorobiphenyl -7.687 5 123 6.817 
2,3,4,5-Tetrachlorobiphenyl -7.267 5 92 6.604 
2,3,4,5-Tetrachloronitrobenzene -4.553 1 66 4.147 
2,3,4,5-Tetrachlorophenol -3.145 1 116 2.244 
2,3,4,6-Tetrachloronitrobenzene -4.538 1 66 4.132 
2,3,4,7,8-Pentachlorodibenzofuran -9.160 1 196 7.468 
2,3,4-Trichloronitrobenzene -3.939 1 52 3.672 
2,3,4-Trichlorophenol -2.334 1 80 1.790 
2,3,4-Trimethylpentane -4.846 4 -110 4.846 
2,3,5,6-Tetrachloronitrobenzene -5.097 1 100 4.435 
2,3,5,6-Tetrachlorophenol -3.365 1 115 2.566 
2,3,5-Tribromobenzoic Acid -3.254 1 193 1.591 
2,3,5-Trichloro-4-hydroxypyridine -2.542 1 216 0.652 
2,3,5-Trichlorobenzoic Acid -2.445 1 163 1.079 
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APPENDIX C: Continued. 

Name log Sa Freq MP logyw 
(mean) eC) (Exper.) 

2,3,5-Trichlorophenol -2.408 1 62 2.042 
2,3,6-Trichlorobenzoic Acid -1.448 2 125 0.458 
2,3,6-Trichlorobiphenyl -6.290 1 49 6.052 
2,3,6-Trichloronaphthalene -7.142 1 90 6.499 
2,3,6-Trichlorophenol -2.524 1 58 2.197 
2,3,7,8-Tetrachlorodibenzofuran -8.860 1 227 6.861 
2,3-BenzofIuorene -7.945 3 212 6.377 
2,3-Butanedione 0.560 1 <25 -0.560 
2,3-Dichloronaphthalene -5.359 1 120 4.515 
2,3-Dichloronitrobenzene -3.488 1 62 3.127 
2,3-Dichlorophenol -1.298 1 59 0.961 
2,3-Dimethyl Propyl p-Aminobenzoate -3.469 1 60 3.123 
2,3-Dimethylbutane -3.631 4 -129 3.631 
2,3-Dimethylhexane -5.757 1 <25 5.757 
2,3-Dimethylnaphthalene -4.793 3 103 4.072 
2,3-Dimethylpentane -4.281 3 <25 4.281 
2,3-Xylenol -1.427 1 75 0.894 
2,3-Dichloro-l,4-naphthoquinone -4.453 1 195 2.943 
2,4',5-Trichlorobiphenyl -6.399 3 67 5.983 
2,4'-Dichlorobiphenyl -5.581 5 43 5.403 
2,4,4',5-Tetrachlorobiphenyl -6.979 1 122 6.019 
2,4,4',6-Tetrachlorobiphenyl -6.506 1 65 6.151 
2,4,4'-Trichlorobiphenyl -6.315 5 57 5.998 
2,4,5,6-Tetrachloro-m-Xylene -7.550 1 221 5.809 
2,4,5-Trichlorobiphenyl -6.282 6 77 5.767 
2,4,5-Trichloronitrobenzene -3.886 1 57 3.602 
2,4,5-Trichlorophenol -2.483 1 69 2.048 
2,4,5-Trimethylaniline -1.955 1 68 1.529 
2,4,6-Tn'bromobiphenyl -7.386 1 66 7.022 
2,4,6-Trichlorobiphenyl -6.069 4 62 5.703 
2,4,6-Trichlorophenol -2.436 4 69 2.045 
2,4,6-Trimethylbenzoic Acid -2.481 1 154 1.204 
2,4,6-Trinitrobenzoic Acid -1.107 1 229 -0.655 
2,4-D Isopropyl Ester -3.848 1 <25 3.848 
2,4-D n-Propyl Ester -3.983 1 <25 3.983 
2,4-Decadione -2.585 1 <25 2.585 
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APPENDIX C: Continued. 

Name log Sa Freq MP logyw 
(mean) eC) (Exper.) 

2,4-Dichlorophenoxyacetic Acid 
2-Methylbutyl Ester -4.889 1 <25 4.889 

2,4-Dichlorophenoxyacetic Acid Allyl Ester -3.846 1 <25 3.846 
2,4-Dichlorophenoxyacetic Acid Benzyl Ester -4.305 1 <25 4.305 
2,4-Dichlorophenoxyacetic Acid Cyclohexyl 

Ester -4.742 1 <25 4.742 
2,4-Dichlorophenoxyacetic Acid Ethylpropyl 

Ester -4.778 1 <25 4.778 
2,4-Dichlorophenoxyacetic Acid p-

Monochloroethyl Ester -3.719 1 <25 3.719 
2,4-Dichlorobenzoic Acid -3.000 1 164 1.624 
2,4-Dichlorobiphenyl -5.364 5 25 5.364 
2,4-Dichlorophenol -1.492 3 42 1.304 
2,4-Dichlorophenoxyacetic Acid n-Butyl Ester -4.260 1 <25 4.260 
2,4-Dichlorophenoxyacetic Acid n-Hexyl Ester -4.712 1 <25 4.712 
2,4-Dichlorophenoxyacetic Acid n-Octyl Ester -4.672 1 <25 4.672 
2,4-Dichlorophenoxyacetic Acid n-Pentyl Ester -4.538 1 <25 4.538 
2,4-Dichlorophenoxyacetic Acid s-Butyl Ester -4.204 1 <25 4.204 
2,4-Dimethyl-3-pentanone -1.370 2 -80 1.370 
2,4-Dimethylpentane -4.360 7 -123 4.360 
2,4-Dinitro-6-methylphenol -3.190 1 86 2.582 
2,4-Dinitro-sec-butylphenol -2.515 1 38 2.386 
2,4-Dinitrobenzoic Acid -1.348 2 182 -0.206 
2,4-Dinitrophenol -1.555 2 108 0.732 
2,4-Dinitrotoluene -2.828 2 69 2.388 
2, 4-Diphenyl-4-methyl-2-pentene -6.980 1 <25 6.980 
2,4-0ctadione -1.559 1 <25 1.559 
2,4-Pentanedione 0.226 1 -23 -0.226 
2,4-Xylenol -1.267 5 26 1.257 
2,5-Dichlorobiphenyl -5.392 5 23 5.392 
2,5-Dichloronitrobenzene -3.319 1 56 3.048 
2,5-DimethoxytetrahydrofUran 0.384 1 <25 -0.384 
2,5-DimethyltetrahydrofUran -0.249 1 <25 0.249 
2,5-Lutidine -0.144 1 -15 0.144 
2,5-Xylenol -1.538 1 75 0.949 
2,6,7-Trimethylpteridine -1.144 1 135 0.060 
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APPENDIX C: Continued. 

Name log Sa Freq MP logyw 
(mean) (OC) (Exper.) 

2,6-Dichlorobenzoic Acid -1.413 1 144 0.235 
2,6-Dichlorobiphenyl -5.263 4 35 5.174 
2,6-Dichlorophenol -1.793 1 67 1.313 
2,6-Dimethyl-4-heptanone -2.500 1 <25 2.500 
2,6-Dimethylnaphthalene -4.893 2 109 3.957 
2,6-Dinitrobenzoic Acid -1.600 1 202 -0.152 
2,6-Xylenol -1.305 1 49 1.055 
2,7-Dichlorodibenzo-p-dioxin -7.829 1 210 5.998 
2,7-Dimethoxynaphthalene -4.955 1 138 3.837 
2,7-Dimethylquinoline -1.942 1 59 1.605 
2,8-Dichlorodibenzo-p-dioxin -7.181 1 151 5.934 
2,8-DichlorodibenzofUran -7.214 1 184 5.640 
2,8-Dichloronaphthalene -5.924 1 115 5.033 
2-Aminoacridine -4.301 1 214 2.622 
2-Aminoanthracene -5.172 1 240 3.267 
2-Aminopyridine 0.725 1 60 -1.066 
2-Bromoethyl Acetate -0.674 1 -14 0.674 
2-Bromonaphthalene -3.470 1 59 3.196 
2-Butyl p-Aminobenzoate -2.893 1 58 2.566 
2-Butyl-l,3-dioxane -1.200 1 <25 1.200 
2-Butyl-l,3-dioxolane -1.250 1 <25 1.250 
2-Butyl-4-methyl-l,3-dioxolane -1.460 1 <25 1.460 
2-Chloro-6-(trichloromethyl)pyridine -3.761 1 63 3.390 
2-Chlorobiphenyl -4.741 6 32 4.683 
2-Chlorodibenzo-p-dioxin -5.850 2 89 5.217 
2-Chloroethyl Ether -1.138 1 -47 1.138 
2-Chloroethyl Methyl Ether -0.093 1 <25 0.093 
2-Chloronaphthalene -4.694 2 59 4.430 
2-Chloropteridine -0.713 1 106 -0.089 
2-Cyclohexyl-4,6-dinitrophenol -5.170 1 106 4.119 
2-Decanone -3.290 1 3.5 3.290 
2-Ethylbutyraldehyde -1.508 1 <25 1.508 
2-Ethylnaphthalene -4.290 1 -70 4.290 
2-Fluorobenzyl Chloride -2.541 1 <25 2.541 
2-Heptanone -1.435 3 -35 1.435 
2-Heptene -3.729 3 <25 3.729 
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APPENDIX C: Continued. 

Name log Sa Freq MP logyw 
(mean) eC) (Exper.) 

2-Hexanone -0.840 1 -57 0.840 
2-Hexyl-l,3-dioxane -2.440 1 <25 2.440 
2-Hexyl-l,3-dioxolane -2.530 1 <25 2.530 
2-Hexyl-4-methyl-l,3-dioxolane -2.650 1 <25 2.650 
2-Hydroxypyridine 0.721 1 106 -1.523 
2-Hydroxyquinoline -2.141 1 200 0.414 
2-Methoxypteridine -1.113 1 150 -0.124 
2-Methyl Ethyl p-Aminobenzoate -2.686 1 85 2.092 
2-Methyl Tetrahydrofuran 0.120 1 <25 -0.120 
2-Methyl-l,3-butadiene -2.025 1 <25 2.025 
2-Methyl-l-pentene -3.033 1 -136 3.033 
2-Methylanthracene -6.936 5 204 5.164 
2-Methylbutane -3.175 6 <25 3.175 
2-Methylcyclohexanone -0.750 1 <25 0.750 
2-Methylhexane -4.596 3 -U8 4.596 
2-Methylnaphthalene -3.753 3 35 3.684 
2-Methylpentaldehyde -1.382 1 <25 1.382 
2-Methylpentane -3.792 7 -154 3.792 
2-Methylpteridine -0.165 1 142 -0.988 
2-Naphthoic Acid -3.595 3 184 2.173 
2-Naphthoic Aldehyde -2.675 1 61 2.319 
2-Naphthol -2.283 7 121 1.410 
2-Naphthylamine -2.350 1 112 1.432 
2-Nitrofluorene -5.990 1 157 4.684 
2-Nitronaphthalene -4.272 1 79 3.738 
2-Nonanone -2.590 2 -21 2.590 
2-0ctanone -2.050 1 -16 2.050 
2-0ctylbenzene -5.800 1 <25 5.800 
2-Pentene -2.538 1 -136 2.538 
2-Pentyl-l,3-dioxane -1.920 1 <25 1.920 
2-Pentyl-l,3-dioxolane -1.924 1 <25 1.924 
2-Pentyl-4-methyl-l,3-dioxolane -2.050 1 <25 2.050 
2-Propyl-l ,3-dioxane -0.670 1 <25 0.670 
2-Propyl-l,3-dioxolane -0.650 1 <25 0.650 
2-Propyl-4-methyl-l,3-dioxolane -0.870 1 <25 0.870 
2-Amino-3-chloro-l,4-naphthoquinone -3.743 1 194 2.070 
2-Chloro-3-ethoxy-I,4-naphthoquinone -3.841 1 79 3.307 
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APPENDIX C: Continued. 

Name log Sa Freq MP logyw 
(mean) eC) (Exper.) 

2-Chloro-3-methoxy-1, 4-naphthoqumone -3.753 1 145 2.565 
2-Hydroxy-1,4-naphthoqumone -2.834 1 192 1.181 
2-Hydroxy-3-pentyl-1,4-naphthoqumone -4.410 1 139 3.282 
2-Methoxy-1,4-naphthoqumone -3.779 1 180 2.245 
3,3',4,4'-Tetrachlorobiphenyl -8.590 6 183 7.187 
3,3',5,5'-Tetrachlorobiphenyl -8.375 1 164 7.281 
3,3'-Dichlorobiphenyl -5.799 1 29 5.763 
3,3-Dimethyl Propyl p-Aminobenzoate -3.276 1 57 2.959 
3,3-Dimethylpentane -4.228 3 -135 4.228 
3,4,4'-Trichlorobiphenyl -6.869 2 88 6.245 
3,4,5-Trichloroguaiacol -2.861 1 85 2.267 
3,4,7,8-Tetramethyl-1, 10-phenanthroline -5.194 1 277 2.956 
3,4-Dichlorobenzoic Acid -3.879 1 208 2.068 
3,4-Dichloronitrobenzene -3.201 1 41 3.043 
3,4-Dichloropheno1 -1.246 1 67 0.794 
3,4-Dihydropyran -0.900 1 -70 0.900 
3,4-Dimethylbenzoic Acid -3.155 1 165 1.769 
3,4-Dinitrobenzoic Acid -1.501 1 166 0.105 
3,4-Xylenol -1.401 2 63 1.044 
3,5,6-Trichloropyridinol -2.904 1 184 1.330 
3,5-Dichlorobenzoic Acid -3.409 1 186 1.816 
3,5-Dichlorophenol -1.343 1 68 0.890 
3,5-Xylenol -1.428 2 64 1.063 
3,6-Dichloropicolinic Acid -2.283 2 152 1.031 
3-Aminoacridine -3.824 1 214 1.953 
3-Chlorobiphenyl -4.939 2 16 4.939 
3-Fluorobenzyl Chloride -2.544 1 <25 2.544 
3-Heptanone -1.370 1 <25 1.370 
3-Hydroxypyridine -0.470 1 127 -0.544 
3-Hydroxyqumoline -2.393 1 201 0.651 
3-Methyl-2,4-pentadione -0.010 1 -5 0.010 
3-Methylcholanthrene -7.939 4 179 6.415 
3-Methylheptane -5.159 3 <25 5.159 
3-Methylhexane -4.485 4 -119 4.485 
3-Methylpentane -3.785 5 <25 3.785 
3-Methyltetrahydropyran -0.700 1 <25 0.700 
3-Nonanone -2.400 1 <25 2.400 
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Name log Sa Freq MP logyw 
(mean) (OC) (Exper.) 

3-0ctanone -1.970 1 <25 1.970 
3-Pentanone -0.270 1 <25 0.270 
3-Pentyl-2,4-pentadione -1.851 1 <25 1.851 
3-Propyl-2, 4-pentadione -0.876 1 <25 0.876 
4,4'-Dibromobiphenyl -7.735 1 163 6.649 
4,4'-Dichlorobiphenyl -6.628 10 149 5.652 
4,4'-Dimethylbiphenyl -6.018 I 125 5.231 
4,5,6-Trichloroguaiacol -3.658 1 114 2.777 
4,5-Dichlororguaiacol -2.534 1 69 2.099 
4,6-Dichloroguaiacol -2.440 1 63 2.064 
4,6-Dinitro-o-cresol -3.133 2 84 2.549 
4,7-Dimethyl-I, 10-phenanthroline -3.971 1 194 2.470 
4-Aminoacridine -4.155 1 108 3.334 
4-Aminobenzoic Ethoxy Ethyl Ester -2.259 1 81 1.705 
4-Bromo-1-butene -2.247 2 <25 2.247 
4-Bromobiphenyl -5.553 1 91 4.967 
4-Chloro-3-nitrobenzoic Acid -3.004 1 181 1.460 
4-Chloro-m-cresol -1.449 2 47 1.231 
4-Chlorobiphenyl -5.298 7 77 4.950 
4-Chloroguaiacol -1.452 1 <25 1.452 
4-Chlorophenyl Phenyl Ether -4.793 1 <25 4.793 
4-Decanone -2.870 1 <25 2.870 
4-Heptanone -1.400 1 <25 1.400 
4-Hydroxy-2-methylquinoline -1.202 1 234 -0.867 
4-Hydroxyacetophenone -1.138 1 110 0.297 
4-Hydroxypyridine 0.721 1 65 -1.076 
4-Hydroxypyrimidine 0.415 1 167 -1.676 
4-Hydroxyquinoline -1.369 1 100 0.627 
4-Methoxy-3 ,3'-dimethylbenzophenone -5.080 1 62 4.711 
4-Methyl-l-pentene -3.244 1 <25 3.244 
4-Methylb~dehyde -1.724 1 <25 1.724 
4-Methylbiphenyl -4.618 1 50 4.396 
4-Methylcyclohexanone -0.690 1 <25 0.690 
4-Methyloctane -6.047 3 <25 6.047 
4-Methylpteridine -0.466 1 152 -0.791 
4-Nitrobiphenyl -5.209 I 113 4.427 



174 

APPENDIX C: Continued. 

Name log Sa Freq MP logyw 
(mean) (OC) (Exper.) 

4-Vinyl-l-cyclohexene -3.335 1 -101 3.335 
4-s-Butylphenol -2.194 1 58 1.867 
4-t-Butylphenol -2.367 2 100 1.625 
4-t-Nonylphenol -4.498 1 <25 4.498 
5,5-Dimethyl-2,4-hexadione -1.631 1 <25 1.631 
5,6,7,8-Tetrahydro-2-naphthol -1.995 1 57 1.683 
5,6-Dehydroisoandrosterone Acetate -4.458 1 167 3.053 
5,6-Dehydroisoandrosterone Butyrate -4.656 1 163 3.290 
5,6-Dehydroisoandrosterone Formate -4.354 1 140 3.216 
5,6-Dehydroisoandrosterone Propionate -4.617 1 197 2.915 
5,6-Dehydroisoandrosterone Valerate -4.686 1 120 3.746 
5-Chloro-2-pentanone -0.400 1 <25 0.400 
5-Chloroguaiacol -1.593 1 34 1.504 
5-Hydroxyquinoline -2.542 1 223 0.582 
5-Methyl-2-hexanone -1.400 1 <25 1.400 
5-Methyl-3-heptanone -1.820 1 <25 1.820 
5-Methyl-3-hexanone -1.380 1 <25 1.380 
5-Nitro-I, 10-phenanthroline -3.917 1 202 2.165 
5-Nitroacenaphthalene -5.340 1 101 4.588 
5-Nonanone -2.440 1 <25 2.440 
6,7-Dimethylpteridine -0.435 1 149 -0.787 
6-Chloropteridine -1.073 1 146 -0.125 
6-Chrysenamine -6.196 1 211 4.360 
6-Hydroxyquinoline -2.162 1 193 0.499 
6-Methyl-2, 4-heptadione -1.604 1 <25 l.604 
7-Hydroxyquinoline -2.504 1 239 0.386 
7-Methoxypteridine -0.909 1 130 -0.130 
7-Methylpteridine 0.010 1 128 -l.029 
8-Hydroxyquinoline -2.417 1 76 l.912 
9, 10-Dimethyl-l,2-benzanthracene -6.884 5 122 5.924 
9, 10-Dimethylanthracene -6.567 2 182 5.332 
9-Anthracenecarboxylic Acid -3.417 1 214 1.738 
9-Methyl-l,2-benzanthracene -6.816 1 138 5.698 
9-~ethylanthracene -5.871 2 79 5.391 
9-Nitroanthracene -6.291 1 145 5.226 
Acenaphthene -4.786 9 94 4.085 
Acetal -0.429 1 <25 0.429 
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APPENDIX C: Continued. 

Name log Sa Freq MP logyw 
(mean) (OC) (Exper.) 

Acetophenone -1.412 4 205 1.412 
Acetylsalicylic Acid (poly) -1.611 1 159 0.285 
Acridine -3.629 4 108 2.843 
Acrolein 0.602 4 -88 -0.602 
Acrylonitrile 0.146 2 -83 -0.146 
Adrenosterone -3.484 1 220 1.554 
Adrenosterone -3.484 1 220 1.554 
Aldrin -6.665 6 104 5.880 
Allyl Bromide -1.499 2 -119 1.499 
Aminacrine -4.222 1 241 2.303 
Amyl Acetate -1.842 1 -100 1.842 
Amylbenzene -4.621 2 -75 4.621 
Androstanedione -3.943 1 161 2.597 
Anethole -3.126 1 21.4 3.126 
Aniline -0.424 4 -6 0.424 
Anisole -1.574 3 -37 1.574 
Anthracene -6.506 22 218 4.511 
Aspirin -1.663 4 135 0.574 
Atropic Acid -2.057 1 106 1.255 
Benz[g,h,i]perylene -9.089 4 279 6.833 
Benzaldehyde -1.252 6 <25 1.252 
Benzene -1.653 43 6 1.653 
Benzo( a )pyrene -8.284 15 179 6.511 
Benzo(b )fluoranthene -8.226 1 164 6.850 
Benzo( e )pyrene -8.110 4 178 6.751 
Benzoic Acid -1.569 25 122 0.822 
Benzophenone -3.326 2 49 3.108 
Benzyl Acetate -1.876 2 <25 1.876 
Benzyl Formate -1.101 1 <25 1.101 
Benzylbutyl Phthalate -5.236 4 <25 5.236 
Benzylparaben -3.518 1 167 2.113 
Bifenox -5.913 2 85 5.319 
Bromobenzene -2.610 4 -30 2.610 
Bromochloromethane -0.889 2 -87 0.889 
Bromodichloromethane -1.736 2 -55 1.736 
Bromoform -1.874 2 7.5 1.874 
Bromoxynil -3.328 2 190 1.862 
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Name log Sa Freq MP logyw 
(mean) (OC) (Exper.) 

Butamben -2.934 10 58 2.607 
Butyl Acetate -1.270 2 -78 1.270 
Butyl Butyrate -2.374 1 <25 2.374 
Butyl Ethyl Ether -1.196 1 -124 1.196 
Butyl Formate -1.130 1 <25 1.130 
Butyl Isobutyrate -2.270 1 <25 2.270 
Butyl Propionate -1.820 1 <25 1.820 
Butylparaben -2.926 11 69 2.495 
Butylphthalyl Butyl Glycolate -4.448 1 <25 4.448 
Butyraldehyde -0.058 4 -99 0.058 
Camphor -1.926 2 180 0.746 
Canrenone -4.301 1 150 3.064 
Caproic Aldehyde -1.302 1 <25 1.302 
Caprylene -4.203 3 -102 4.203 
Caprylic Aldehyde -2.360 1 <25 2.360 
Carbon Tetrachloride -2.324 10 -23 2.324 
Carvacrol -2.080 1 3 2.080 
Chloramben Methyl Ester -3.263 1 64 2.882 
Chloranil -2.993 1 290 0.908 
Chlordane -6.053 3 106 5.251 
Chlordene -5.657 1 154 4.380 
Chlordene Epoxide -5.431 1 232 3.382 
Chlorfenprop-methyl -3.765 1 <25 3.765 
Chlormadinone Acetate -6.296 1 213 4.435 
Chlorobenzene -2.458 17 -45 2.458 
Chlorodibromomethane -2.108 2 22 2.108 
Chlorofluoromethane -0.787 1 -9.1 0.787 
Chloroform -1.307 11 -63 1.307 
Chloroneb -4.413 1 135 2.964 
Chlorothalonil -5.647 1 251 3.644 
Chloroxylenol -2.712 2 116 1.908 
Chlorquinox -5.428 1 190 3.962 
Chrysene -8.034 9 254 5.789 
Cinnamaldehyde -1.991 1 -7 1.991 
Cinnamic Acid -2.516 2 133 1.463 
Clofibrate -3.398 1 <25 3.398 
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Name log Sa Freq MP logyw 
(mean) eC) (Exper.) 

Coronene -9.138 5 442 6.528 
Coumarin -1.734 1 69 1.299 
Crotonaldehyde 0.339 2 -76 -0.339 
Crotonic Acid 0.000 1 73 -0.475 
Cumene -3.333 9 -96 3.333 
Cyc10heptane -3.604 3 -12 3.604 
Cyc1oheptanone -0.492 1 <25 0.492 
Cyc10heptatriene -2.155 2 <25 2.155 
Cyc10heptene -3.163 1 <25 3.163 
Cyclohexane -3.138 16 6 3.138 
Cyc1ohexanone -0.238 2 <25 0.238 
Cyc10hexene -2.513 6 -104 2.513 
Cyc10hexyl Acetate -0.960 2 <25 0.960 
Cyc10hexyl Butyrate -2.055 1 <25 2.055 
Cyclohexyl Formate -1.517 1 <25 1.517 
Cyclohexyl Propionate -2.312 1 <25 2.312 
Cyclooctane -3.431 2 10 3.431 
Cyclopentane -2.600 7 -94 2.600 
Cyclopentanone 0.544 1 <25 -0.544 
Cyc10pentene -1.935 3 -135 1.935 
DCPA -5.822 1 156 4.525 
DDD -6.831 2 110 5.995 
DDT -7.911 16 107 6.953 
Decachlorobiphenyl -10.95 6 305 8.752 
Decalin -5.192 2 -125 5.192 
Decane -6.724 5 -30 6.724 
Delmadinone Acetate -4.945 1 168 3.530 
Deoxycorticosterone Acetate -4.751 3 156 3.454 
Di-n-butyl iso Phthalate -5.360 1 <25 5.360 
Di-n-butyl tere Phthalate -5.460 1 <25 5.460 
Di-n-propyl Phthalate -3.365 1 <25 3.365 
Diallyl Phthalate -3.131 1 <25 3.131 
Dibenzo-18-crown-6 -4.399 2 163 3.033 
Dibenzo-p-dioxin -5.318 2 119 4.483 
Dibenzofuran -4.523 3 83 4.008 
Dibutoxy Ethane -1.940 1 <25 1.940 
Dicamba -1.641 3 115 0.719 
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APPENDIX C: Continued. 

Name log Sa Freq MP logyw 
(mean) (OC) (Exper.) 

Dichlobenil -4.009 5 146 2.694 
Dicyclohexyl Phthalate -4.917 1 66 4.511 
Dieldrin -6.231 8 176 4.741 
Diethoxy Butane -0.975 1 <25 0.975 
Diethoxy Pentane -1.302 1 <25 1.302 
Diethoxy Propane -0.820 1 <25 0.820 
Diethyl Adipate -1.467 1 -18 1.467 
Diethyl Glutarate -1.235 1 <25 1.235 
Diethyl Malonate -0.850 1 -51 0.850 
Diethyl Succinate -0.913 1 <25 0.913 
Diisobutyl Phthalate -4.170 3 <25 4.170 
Diisopropyl Phthalate -2.876 1 <25 2.876 
Dimethoxy Butane 0.074 1 <25 -0.074 
Dimethoxy Hexane -0.863 1 <25 0.863 
Dimethoxy Pentane -0.289 1 <25 0.289 
Dimethoxyethyl Phthalate -1.521 1 <25 1.521 
Dimethyl Adipate -0.754 1 8 0.754 
Dimethyl Glutarate -0.426 1 <25 0.426 
Dimethyl Maleate -0.272 1 <25 0.272 
Dimethyl Phthalate -1.664 4 5.5 1.664 
Dimethyl Succinate -0.070 1 18 0.070 
Dinoseb -3.523 2 40 3.375 
Dinoseb Acetate -2.108 1 27 2.093 
Diphenyl -4.259 22 69 3.840 
Diphenylmethane -4.491 2 26 4.481 
Dodecane -7.556 3 -10 7.556 
Dodecyl p-Aminobenzoate -7.800 1 82 6.410 
Durene -4.515 4 80 3.936 
Endrin -6.175 2 228 4.166 
Equilenin -5.244 1 258 2.938 
Equilin -5.281 2 238 3.173 
Estragole -2.921 1 <25 2.921 
Estrone -5.529 2 255 3.253 
Ethyl (2,4-Dichlorophenoxy) Acetate -3.597 1 <25 3.597 
Ethyl Acetate 0.186 12 -83 -0.186 
Ethyl Acrylate -0.740 1 -71 0.740 
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APPENDIX C: Continued. 

Name log Sa Freq MP logyw 
(mean) (OC) (Exper.) 

Ethyl Benzoate -2.250 1 -34 2.250 
Ethyl Bromide -1.083 1 -119 1.083 
Ethyl Butyrate -1.232 2 -93 1.232 
Ethyl Caprylate -2.529 1 <25 2.529 
Ethyl Chloroacetate -0.787 1 -26 0.787 
Ethyl Cyc10hexane -4.251 1 <25 4.251 
Ethyl Ether -0.073 2 <25 0.073 
Ethyl Iodide -1.590 1 -108 1.590 
Ethyl Isobutyrate -1.266 1 <25 1.266 
Ethyl Isovalerate -1.792 1 -99 1.792 
Ethyl Phthalate -2.371 6 -3 2.371 
Ethyl Propionate -0.756 4 -73 0.756 
Ethyl Trimethylacetate -1.852 1 <25 1.852 
Ethyl n-Propyl Ether -0.643 1 <25 0.643 
Ethylp-Aurndnobenzoate -2.208 14 89 1.518 
Ethylbenzene -2.784 17 -95 2.784 
Ethylene Dibromide -1.666 5 9 1.666 
Ethylene Dichloride -1.125 10 -35 1.125 
Ethylene Glycol Diacetate -0.069 1 -31 0.069 
Ethylidene Chloride -1.308 4 <25 1.308 
Ethylisopropyl Ether -0.553 1 <25 0.553 
Ethylp arab en -2.192 11 116 1.291 
Eugenol -1.824 1 <25 1.824 
Fluoranthene -5.964 13 107 5.255 
Fluorene -4.929 11 115 4.142 
Fluorobenzene -1.795 3 -42 1.795 
Fluorodifen -5.215 2 94 4.532 
Furan -0.377 1 <25 0.377 
Furfural -0.084 2 -36 0.084 
Griseofulvin -4.379 7 220 2.449 
Halacrinate -4.717 1 101 3.970 
Halothane -1.305 2 <25 1.305 
Heptachlor -6.555 3 96 5.857 
Heptachlor Epoxide -6.079 2 158 4.763 
Heptyl Acetate -2.890 1 <25 2.890 
Heptyl Butyrate -2.710 1 <25 2.710 
Heptyl Formate -1.970 1 <25 1.970 
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APPENDIX C: Continued. 

Name log Sa Freq MP logyw 
(mean) (OC) (Exper.) 

Heptyl p-Aminobenzoate -4.576 2 75 3.679 
Heptyl p-Hydroxybenzoate -2.234 1 48 1.821 
Hexabromobenzene -9.742 1 327 7.852 
Hexachloro-l,3-butadiene -4.829 3 -19 4.829 
Hexachlorobenzene -7.447 9 231 5.378 
Hexachloroethane -4.488 1 185 3.080 
Hexyl Acetate -2.461 2 -80 2.461 
Hexyl Butyrate -2.910 1 <25 2.910 
Hexyl Formate -1.960 1 <25 1.960 
Hexyl Isobutyrate -3.650 1 <25 3.650 
Hexyl Propionate -2.968 1 <25 2.968 
Hexyl p-Aminobenzoate -4.156 3 61 3.530 
Hexyl p-HYdroxybenzoate -2.768 1 49 2.376 
Indan -3.079 2 -51 3.079 
Iodobenzene -2.908 4 -30 2.908 
Ioxynil -3.621 2 209 1.987 
Isoamyl Formate -2.030 1 <25 2.030 
Isobutyl Acetate -1.237 5 -99 1.237 
Isobutyl Formate -1.041 1 <25 1.041 
Isobutyl Isobutyrate -2.454 2 -81 2.454 
Isobutyl p-Aminobenzoate -3.009 1 64 2.623 
Isobutylbenzene -4.123 2 <25 4.123 
Isononyl Acetate -3.014 1 <25 3.014 
Isooctane -4.811 10 -107 4.811 
Isopentyl Acetate -1.790 1 <25 1.790 
Isopentyl Butyrate -2.850 1 <25 2.850 
Isopentyl Propionate -2.410 I <25 2.410 
Isopropyl Acetate -0.915 4 <25 0.915 
Isopropyl Bromide -1.585 1 -89 1.585 
Isopropyl Butyrate -0.560 I <25 0.560 
Isopropyl Chloride -1.404 2 -117 1.404 
Isopropyl Ether -1.550 2 -60 1.550 
Isopropyl Formate -0.720 1 <25 0.720 
Isopropyl Iodide -2.084 I -90 2.084 
Isopropylacetone -0.733 3 <25 0.733 
Iso quinoline -1.454 1 26 1.441 
Kepone -4.938 2 350 1.721 
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APPENDIX C: Continued. 

Name log Sa Freq MP logyw 
(mean) (OC) (Exper.) 

Limonene -3.942 3 <25 3.942 
Linalyl acetate -2.594 1 <25 2.594 
Lindane -4.529 11 113 3.902 
Meconin -1.890 1 102 1.128 
Medinoterb Acetate -4.472 1 87 3.863 
Medrogestone -5.272 1 144 4.094 
Medroxyprogesterone Acetate -5.306 1 208 3.495 
Megestrol Acetate -5.352 1 215 3.472 
Menadione -3.032 2 106 2.298 
Menaphthone -3.425 2 106 2.623 
Mesityl Oxide -0.526 1 -57 0.526 
Mesitylene -3.430 6 -45 3.430 
Methacrolein -0.085 2 <25 0.085 
Methacrylonitrile -0.422 1 -36 0.422 
Methoprene -5.349 1 <25 5.349 
Methoxsalen -3.658 1 148 2.441 
Methoxybutoxy Butane -1.728 1 <25 1.728 
Methoxybutoxy Propane -1.688 1 <25 1.688 
Methoxychlor -6.594 8 83 5.827 
Methoxyethoxy Hexane -1.506 1 <25 1.506 
Methoxyethoxy Pentane -1.051 1 <25 1.051 
Methoxypropoxy Butane -0.945 1 <25 0.945 
Methoxypropoxy Propane -0.706 1 <25 0.706 
Methyl (2,4-Dichlorophenoxy) Acetate -3.273 1 <25 3.273 
Methyl 2-Methoxybenzoate -1.381 1 <25 1.381 
Methyl 2-chloropropionate -0.793 1 <25 0.793 
Methyl4-chlorobutyrate -1.070 1 <25 1.070 
Methyl Acetate 0.456 2 -98 -0.456 
Methyl Acrylate -0.196 2 -77 0.196 
Methyl Benzoate -1.767 4 -12 1.767 
Methyl Butyrate -0.791 3 -95 0.791 
Methyl Chloroacetate -0.320 1 -33 0.320 
Methyl Decanoate -4.680 1 <25 4.680 
Methyl Dichloroacetate -1.637 1 <25 1.637 
Methyl Dihydrojasmonate -2.753 1 <25 2.753 
Methyl Enanthate -2.205 1 <25 2.205 
Methyl Ethyl Ketone 0.540 8 -87 -0.540 
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APPENDIX C: Continued. 

Name log Sa Freq MP logyw 
(mean) (OC) (Exper.) 

Methyl Furoate -0.831 1 <25 0.831 
Methyl Hexanoate -1.992 1 -71 1.992 
Methyl Iodide -1.022 1 -67 1.022 
Methyl Ionone -4.014 1 <25 4.014 
Methyl Isobutyrate -0.781 1 <25 0.781 
Methyl Isopropyl Ketone -0.080 1 <25 0.080 
Methyl Malonate 0.064 1 <25 -0.064 
Methyl Methacrylate -0.799 1 -48 0.799 
Methyl Nicotinate -0.460 1 39 0.321 
Methyl Nonanoate -3.876 1 <25 3.876 
Methyl Octanoate -3.390 1 25 3.390 
Methyl Oxalate -0.292 1 54 0.005 
Methyl Propionate -0.146 2 <25 0.146 
Methyl Propyl Ketone -0.213 2 -78 0.213 
Methyl Salicylate -2.216 3 -8 2.216 
Methyl Trichloroacetate -2.295 1 <25 2.295 
Methyl Trimethylacetate -1.337 1 <25 1.337 
Methyl Valerate -1.375 1 <25 1.375 
Methyl n-Butyl Ether -2.945 1 <25 2.945 
Methyl p-Aminobenzoate -1.872 5 110 1.000 
Methyl tert-Butyl Ether -0.380 1 <25 0.380 
Methyl-4-methoxybenzoate -2.412 1 49 2.174 
Methylal 0.480 1 -105 -0.480 
Methylcyclohexane -3.820 8 <25 3.820 
Methylcyclopentane -3.301 5 -142 3.301 
Methylene Bromide -1.183 2 -53 1.183 
Methylene Chloride -0.698 6 -95 0.698 
Methylene Iodide -1.282 1 6 1.282 
Methyllsopropyl Ether -0.040 1 <25 0.040 
Methylparaben -1.812 16 131 0.763 
Methylphthalyl Ethyl Glycolate -2.630 1 <25 2.630 
Methyoxybutoxy Pentane -1.940 1 <25 1.940 
Mirex -7.787 3 485 4.168 
Naphthacene -8.334 4 341 4.905 
Naphthalene -3.593 35 80 3.074 
Nitrobenzene -1.772 8 6 1.772 
Nitrofen -5.128 3 71 4.678 
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APPENDIX C: Continued. 

Name log Sa Freq MP logyw 
(mean) (OC) (Exper.) 

Nonane -5.974 5 -53 5.974 
Nonyl Aldehyde -3.171 1 <25 3.171 
Nonyl Formate -3.450 1 <25 3.450 
Norethindrone Acetate -4.793 4 207 2.977 
Norethindrone Benzoate -7.695 2 258 4.499 
Norethindrone Biphenyl-4-carboxylate -8.111 1 189 6.120 
Norethindrone Dimethylpropionate -7.103 1 227 4.424 
Norethindrone Heptanoate -6.834 2 67 6.366 
Octachlorodibenzo-p-dioxin -12.46 4 332 9.738 
Octachlorodibenzofuran -1l.58 1 259 9.505 
Octachloronaphthalene -10.70 1 200 9.326 
Octane -5.100 14 -57 5.100 
Octyl Acetate -2.981 1 <25 2.981 
Octyl Formate -2.600 1 <25 2.600 
Octyl p-Aminobenzoate -5.400 1 71 4.501 
Opianic Acid -l.925 1 150 0.688 
Osthole -4.309 1 84 3.730 
Paraldehyde -0.086 2 13 0.086 
Pentachlorobenzene -5.597 6 82 5.033 
Pentachlorophenol -4.186 8 174 3.218 
Pent amethylb enzene -3.980 1 51 3.830 
Pentane -3.339 12 -130 3.339 
Pentyl Acetate -l.772 1 <25 1.772 
Pentyl Butyrate -2.819 1 <25 2.819 
Pentyl Formate -l.630 1 <25 l.630 
Pentyl p-Aminobenzoate -3.574 3 52 3.226 
Pentylparaben -3.157 1 36 2.995 
Perfluorodimethylcyclohexane -3.969 1 -55 3.969 
Perthane .. 6.488 1 57 6.062 
Perylene -8.965 4 273 6.329 
Phenanthrene -5.176 17 100 4.535 
Phenanthridine -2.776 1 107 l.917 
Phenazine -3.657 1 171 2.469 
Phenetole -2.332 1 -30 2.332 
Phenol -0.018 9 41 -0.078 
Phenothrin -5.244 1 <25 5.244 
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APPENDIX C: Continued. 

Name log Sa Freq MP logyw 
(mean) eC) (Exper.) 

Phenyl Acetate -1.370 1 <25 1.370 
Phenyl Ether -3.951 3 <25 3.951 
Phenyl Phthalate -6.589 1 75 6.094 
Phenyl Salicylate -3.155 1 42 2.971 
Pindone -4.107 2 109 3.279 
Piperitone -1.793 1 <25 1.793 
Piperonal -1.632 1 37 1.513 
Progesterone -4.474 8 121 3.458 
Propionaldehyde 0.599 3 -81 -0.599 
Propyl Acetate -0.690 4 -92 0.690 
Propyl Benzoate -2.816 1 <25 2.816 
Propyl Butyrate -1.880 1 <25 1.880 
Propyl Chloride -1.464 2 -122 1.464 
Propyl Ether -1.532 1 -123 1.532 
Propyl Formate -0.710 2 <25 0.710 
Propyl Iodide -2.219 2 -98 2.219 
Propyl Isopropyl Ether -1.337 1 <25 1.337 
Propyl Propionate -1.349 1 <25 1.349 
Propylene Dichloride -1.634 8 -100 1.634 
Propylparaben -2.455 10 97 1.632 
Pseudocumene -3.330 7 -44 3.330 
Pteridine -0.024 1 138 -1.094 
Pulegone -2.062 1 <25 2.062 
Pyrazine 0.892 1 53 -1.112 
Pyrene -6.297 23 156 5.357 
Quinoline -1.312 2 -15 1.312 
Quinone -0.888 1 116 0.114 
Quinoxaline 0.488 1 30 -0.528 
Quintozene -5.774 2 144 4.717 
Rotenone -6.398 1 163 5.394 
Sesin -3.812 1 66 3.406 
Styrene -2.871 2 -30 2.871 
Styreneoxide -1.633 1 -37 1.633 
Terephthaldicarboxaldehyde -2.826 1 115 1.935 
Testosterone Acetate -5.148 2 140 4.010 
Testosterone Butyrate -5.853 2 109 5.022 
Testosterone Formate -4.857 2 125 3.867 
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APPENDIX C: Continued. 

Name log Sa Freq MP logyw 
(mean) (OC) (Exper.) 

Testosterone Propionate -5.215 6 120 4.275 
Testosterone Valerate -6.108 2 107 5.296 
Tetrachloroethylene -2.797 9 -22 2.797 
Tetrachloroguaiacol -4.020 1 121 3.070 
Tetrahydrobenzaldehyde -1.343 1 <25 1.343 
Tetrahydropyran -0.001 2 -49 0.001 
Tetralin -3.459 2 -31 3.459 
Thymol -2.186 2 52 1.871 
Toluene -2.203 32 -94 2.203 
Trichloroethylene -2.060 9 -87 2.060 
Triclosan -4.462 1 55 4.163 
Triphenylene -7.118 7 199 5.498 
Undecane -7.574 2 -26 7.574 
Vanillin -1.124 3 82 0.560 
Veratrole -1.285 1 22 1.285 
Vinyl Acetate -0.490 1 -93 0.490 
Vinylidene Chloride -1.794 4 -122 1.794 
a,a'-Dipyridyl -1.431 2 70 1.034 
a-l,2,3,4,5,6-Hexachlorocyclohexane -5.216 3 158 3.539 
a-Acetylnaphthalene -3.270 1 34 3.181 
a-Methylcrotonaldehyde -0.624 1 <25 0.624 
a-Methylstyrene -3.010 1 -24 3.010 
f3-1,2,3,4,5,6-Hexachlorocyclohexane -6.087 3 309 4.021 
f3-Acetyl-Naphthalene -3.190 1 56 2.883 
f3-Propiolactone 0.711 1 -33 -0.711 
d-Caxvotan Acetone -2.228 1 <25 2.228 
d-Fenchone -1.851 1 6.1 1.851 
o-I,2,3,4,5,6-Hexachlorocyclohexane -4.162 3 138 3.044 
y, y'-Dipyridyl -1.538 1 112 0.858 
I-Caxvone -2.063 1 <25 2.063 
1-Dihydrocaxvone -2.183 1 <25 2.183 
I-Menthone -2.492 1 -6 2.492 
m-Anisic Acid -1.928 1 106 1.126 
m-Bromobenzoic Acid -2.858 2 155 1.724 
m-Bromophenol -0.693 1 33 0.614 
m-Chlorobenzoic Acid -2.676 3 158 1.374 
m-Chloronitrobenzene -2.761 1 46 2.534 
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APPENDIX C: Continued. 

Name log Sa Freq MP logyw 
(mean) (OC) (Exper.) 

m-Chlorophenol -0.729 4 33 0.675 
m-Cresol -0.717 4 11 0.717 
m-Cyanobenzoic Acid -2.629 1 223 0.669 
m-Dinitrobenzene -2.411 4 90 1.834 
m-Fluorobenzoic Acid -1.820 2 123 0.850 
m-Fluorophenol -0.204 2 14 0.204 
m-Iodobenzoic Acid -3.562 1 187 1.959 
m-Iodophenol -0.860 1 43 0.682 
m-Methoxy Phenol -0.504 2 <25 0.504 
m-Nitro aniline -2.353 2 114 1.457 
m-Nitrobenzoic Acid -1.804 1 142 0.839 
m-Nitrophenol -1.055 2 97 0.334 
m-Nitrotoluene -2.438 1 15.5 2.438 
m-Terphenyl -5.183 1 89 4.615 
m-Toluic Acid -2.194 2 112 1.563 
m-Toluidine -0.853 1 -50 0.853 
m-Xylene -2.840 13 -47 2.840 
n-Amyl Bromide -3.077 1 -88 3.077 
n-Butyl Bromide -2.198 1 -112 2.198 
n-Butyl Chloride -2.041 2 -123 2.041 
n-Butyl Ether -2.750 1 <25 2.750 
n-Butylbenzene -4.001 8 -88 4.001 
n-Heptane -4.546 12 -91 4.546 
n-Hexane -3.773 18 <25 3.773 
n-Octyl Bromide -5.063 1 -55 5.063 
n-Pentylbenzene -4.580 1 <25 4.580 
n-Pentylcyclopentane -6.086 3 <25 6.086 
n-Propylp-Aminobenzoate -2.654 1 74 2.144 
n-Propylben.zelle -3.337 8 -99 3.337 
n-Propylcyclopentane -4.740 3 <25 4.740 
n-Valeraldehyde -0.836 2 <25 0.836 
o,p'-DDD -6.505 1 78 5.980 
o,p'-DDE -6.356 1 77 5.572 
o,p'-DDT -6.841 2 74 6.172 
o-Anisic Acid -1.589 2 101 0.837 
o-Bromobenzoic Acid -2.277 1 149 1.077 
o-Bromophenol -0.900 1 6 0.900 



187 

APPENDIX C: Continued. 

Name log Sa Freq MP logyw 
(mean) (OC) (Exper.) 

o-Chloroaniline -1.530 1 -2 1.530 
o-Chlorobenzoic Acid -1.990 3 142 0.708 
o-Chloronitrobenzene -2.553 1 32.5 2.480 
o-Chlorophenol -0.819 5 9 0.819 
o-Cresol -0.602 5 30 0.556 
0-Dinitrobenzene -3.111 3 118 2.208 
0-Fluorobenzoic Acid -1.372 2 123 0.402 
0-Fluorophenol -0.474 1 16 0.474 
0-Iodobenzoic Acid -2.757 1 162 1.401 
0-Iodophenol -0.924 1 43 0.746 
0-Nitroaniline -2.189 1 70 1.819 
0-Nitrobenzoic Acid -1.547 2 147 0.110 
0-Nitrophenol -2.016 2 44 1.849 
0-Nitrotoluene -2.324 1 -10 2.324 
0-Phenanthroline -1.824 2 117 1.007 
0-Phenylphenol -2.386 1 57 2.074 
0-Terphenyl -5.269 1 58 4.967 
0-Toluic Acid -2.184 1 107 1.411 
0-Toluidine -0.824 3 -28 0.824 
o-Xylene -2.760 20 -25 2.760 
p,p'-DDE -7.184 8 89 6.434 
p-Anisaldehyde -1.549 2 <25 1.549 
p-Anisic Acid -2.886 1 185 1.302 
p-Anisidine -1.026 1 58 0.699 
p-Bromobenzoic Acid -3.723 3 252 1.143 
p-Bromophenol -0.926 2 64 0.624 
p-Chloroaniline -1.668 3 73 1.187 
p-Chlorobenzoic Acid -3.379 4 243 0.974 
p-Chloronrtrobenzene -2.744 3 83 2.187 
p-Chlorophenol -0.782 6 43 0.634 
p-Cresol -0.928 5 36 0.853 
p-Cyanobenzoic Acid -2.252 1 221 0.312 
p-Cymene -3.759 1 -68 3.759 
p-Dinitrobenzene -3.405 3 174 1.862 
p-Ethylphenol -1.391 2 44 1.203 
p-Fluorobenzoic Acid -2.256 2 183 0.696 
p-Fluorophenol -0.368 1 47 0.173 
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APPENDIX C: Continued. 

Name log Sa Freq MP logyw 
(mean) eC) (Exper.) 

p-Hydroxybenzaldehyde -0.976 1 214 -0.890 
p-Iodobenzoic Acid -4.038 1 273 1.583 
p-Iodophenol -0.936 1 94 0.472 
p-Nitro aniline -2.504 5 146 1.439 
p-Nitroanisole -2.414 1 54 2.127 
p-Nitrobenzoic Acid -2.996 1 242 0.247 
p-Nitrophenol -1.076 6 113 0.179 
p-Nitrotoluene -2.671 2 53 2.426 
p-Terphenyl -7.108 1 213 4.701 
p-Tolualdehyde -1.770 1 <25 1.770 
p-Toluic Acid -2.617 3 180 1.225 
p-Toluidine -1.209 2 45 1.018 
p-Xylene -2.783 15 13 2.783 
p-tert-Pentylphenol -2.990 1 93 2.317 
sec-Butyl Acetate -1.150 1 -99 1.150 
sec-Butyl Chloride -l.966 1 <25 1.966 
sec-Butylbenzene -3.906 4 -83 3.906 
sym-Tetrabromoethane -2.726 1 <25 2.726 
tert-Amyl Methyl Ether -0.968 1 <25 0.968 
tert-Butyl p-Aminobenzoate -3.292 1 III 2.441 
tert-Butyl Acetate -l.218 1 <25 l.218 
tert-Butylbenzene -3.730 3 <25 3.730 

a Molar solubility 
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APPENDIX D: PREDICTED SOLUBILITIES USING THE AQUAFAC METHOD 
AND THE GENERAL SOLUBILITY EQUATION 

MP LogS Eq. (5.3) Eq. (5.8) 
(OC) (Molar) 

Compound Pred. Error Pred. Error 

1,1,3-Trimethylcyclohexane -66 -4.85 -4.25 0.60 -4.37 0.48 
1, l-di-p-Ethoxyphenyl-2,2,2-trichloroethane 1 05 -6.36 -7.69 -1.33 -6.07 0.29 
1,2,3,4-Tetrachlorodibenzo-p-dioxin 190 -8.81 -8.72 0.09 -7.99 0.82 
1,2,3,4-Tetrachloronaphthalene 197 -7.78 -7.19 0.59 -6.54 l.24 
1,2,4,5-Tetrafluorobenzene 4 -2.38 -2.18 0.20 -2.03 0.35 
1,2-Difluorobenzene -34 -2.00 -2.05 -0.05 -1.82 0.18 
1,3,6,8-Tetrachlorodibenzo-p-dioxin 220 -9.00 -9.02 -0.02 -8.65 0.35 
1,4,5-Trimethylnaphthalene 58 -4.92 -4.76 0.16 -4.34 0.58 
1,4-Dimethylnaphthalene -18 -4.14 -4.02 0.12 -3.77 0.37 
1-Bromo-2-chlorobenzene -12 -3.19 -3.39 -0.20 -2.90 0.29 
1-Bromonaphthalene 6 -4.04 -4.05 -0.01 -3.64 0.40 
l-Chlorobutane <25 -2.02 -2.73 -0.71 -l.98 0.04 
I-Heptyne -81 -3.01 -2.81 0.20 -2.50 0.51 
I-Pentene <25 -2.68 -2.50 0.18 -2.32 0.36 
2,2' ,3',4,5-Pentachlorobiphenyl 81 -7.06 -7.22 -0.16 -6.49 0.57 
2,2',3,3',5,6-Hexachlorobiphenyl 112 -7.94 -8.02 -0.08 -7.26 0.68 
2,2',3,4,4',5,5'-Heptachlorobiphenyl 112 -8.01 -8.75 -0.74 -8.10 -0.09 
2,2',4,4',6,6'-Hexachlorobiphenyl 112 -8.57 -7.72 0.85 -7.19 1.38 
2,2',5,5'-Tetrabromobiphenyl 144 -8.06 -8.06 0.00 -7.14 0.92 
2,2'-Biquinoline 195 -5.40 -5.33 0.07 -5.04 0.36 
2,2-Dimethyl Propyl p-Aminobenzoate 86 -3.57 -3.42 0.15 -3.05 0.52 
2,3',4',5-Tetrachlorobiphenyl 104 -6.99 -6.96 0.03 -6.49 0.50 
2,3,3',4',6-Pentachlorobiphenyl 25 -7.05 -6.67 0.38 -6.32 0.73 
2,3-Dichlorophenol 59 -1.30 -1.88 -0.58 -2.36 -1.06 
2,4,4',6-Tetrachlorobiphenyl 65 -6.51 -6.41 0.10 -5.94 0.57 
2,4,6-Trimethylbenzoic Acid 154 -2.48 ~3.01 -0.53 -3.94 -l.46 
2,4-D Isopropyl Ester <25 -3.85 -3.32 0.53 -3.35 0.50 
2,4-Dichlorophenoxyacetic Acid Octyl Ester<25 -4.67 -6.12 -1.45 -6.21 -1.54 
2,5-Xylenol 75 -1.54 -1.63 -0.09 -2.17 -0.63 
2,6,7-Trimethylpteridine 135 -1.14 -0.36 0.78 -0.81 0.33 
2-Butyl-4-methyl-l,3-dioxolane <25 -1.46 -1.00 0.46 -1.65 -0.19 
2-Heptene <25 -3.73 -3.30 0.43 -3.37 0.36 
2-Methylcyclohexanone <25 -0.75 -1.18 -0.43 -0.84 -0.09 
2-Naphthol 121 -2.28 -2.55 -0.27 -2.80 -0.52 
2-Nitronaphthalene 79 -4.27 -3.82 0.45 -2.79 1.48 
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MP Log S Eq. (5.3) Eq. (5.8) 
(OC) (Molar) 

Compound Pred. Error Pred. Error 

2-Pentyl-l,3-dioxolane <25 -1.92 -1.07 0.85 -1.66 0.26 
2-methoxy-l,4-naphthoquinone 180 -3.78 -3.52 0.26 -2.17 1.61 
3,5-Dichlorobenzoic Acid 186 -3.41 -3.32 0.09 -4.23 -0.82 
3-Methylhexane -119 -4.49 -4.06 0.43 -3.73 0.76 
4,4'-Dimethylbiphenyl 125 -6.02 -5.45 0.57 -5.01 1.01 
4,5-Dichlororguaiacol 69 -2.53 -2.23 0.30 -2.51 0.02 
4,7-Dimethyl-l,1O-phenanthroline 194 -3.97 -4.22 -0.25 -3.75 0.22 
4-Methyl-l-pentene <25 -3.24 -2.96 0.28 -2.71 0.53 
4-t-Butylphenol 100 -2.37 -3.08 -0.71 -3.24 -0.87 
5,6-Dehydroisoandrosterone Valerate 120 -4.69 -5.86 -1.17 -5.74 -1.05 
9-Methylanthracene 79 -5.87 -5.37 0.50 -4.67 1.20 
Acrylonitrile -84 0.15 -0.47 -0.62 0.25 0.10 
Benzo( a )pyrene 179 -8.28 -7.92 0.36 -6.85 1.43 
Bromochloromethane -87 -0.89 -1.31 -0.42 -0.85 0.04 
Butyl Propionate <25 -1.82 -1.96 -0.14 -1.76 0.06 
Butyl p-Aminobenzoate 58 -2.89 -2.80 0.09 -2.44 0.45 
Butylparaben 69 -2.93 -2.29 0.64 -3.20 -0.27 
Chloranil 290 -2.99 -5.00 -2.01 -5.83 -2.84 
Chlordene Epoxide 232 -5.43 -5.96 -0.53 -4.11 1.32 
Cyclohexyl Butyrate <25 -2.06 -2.82 -0.76 -2.89 -0.83 
DDT 107 -7.91 -7.35 0.56 -6.62 1.29 
Di-n-butyl tere Phthalate <25 -5.46 -5.01 0.45 -4.71 0.75 
Dibenzofuran 83 -4.52 -4.75 -0.23 -3.80 0.72 
Diethoxy Pentane <25 -1.30 -2.21 -0.91 -1.98 -0.68 
Dimethyl Maleate <25 -0.27 -0.46 -0.19 -0.26 0.01 
Diphenyl 69 -4.26 -4.19 0.07 -3.58 0.68 
Estragole <25 -2.92 -3.74 -0.82 -1.84 1.08 
Ethyl Cyclohexane <25 -4.25 -3.91 0.34 -3.86 0.39 
Eugenol <25 -1.82 -2.13 -0.31 -1.86 -0.04 
Fluorobenzene -42 -1.80 -1.99 -0.19 -1.75 0.05 
Flexabromobenzene 327 -9.74 -8.92 0.82 -7.21 2.53 
Flexyl Isobutyrate <25 -3.65 -3.81 -0.16 -3.13 0.52 
Isobutyl Isobutyrate -81 -2.45 -2.64 -0.19 -1.94 0.51 
Isopropyl Chloride . -117 -1.40 -2.11 -0.71 -1.45 -0.05 
Medrogestone 144 -5.27 -6.13 -0.86 -4.44 0.83 
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MP Log S Eq. (5.3) Eq. (5.8) 

eC) (Molar) 
Compound Pred. Error Pred. Error 

Megestrol Acetate 215 -5.35 -5.21 0.14 -5.05 0.30 
Methoxyethoxy Hexane <25 -1.51 -2.21 -0.70 -0.72 0.79 
Methyl Butyrate -95 -0.79 -0.87 -0.08 -0.70 0.09 
Methyl Iodide -67 -1.02 -1.20 -0.18 -0.93 0.09 
Methyl Trimethylacetate <25 -1.34 -1.40 -0.06 -1.52-0.18 
Methylene Iodide 6 -1.28 -1.52 -0.24 -1.77 -0.49 
Nonyl Formate <25 -3.45 -3.78 -0.33 -3.43 0.02 
Pentyl Formate <25 -1.63 -1.60 0.03 -1.31 0.32 
Pentylparaben 36 -3.16 -2.57 0.59 -3.46 -0.30 
Propyl Iodide -98 -2.22 -2.29 -0.07 -1.98 0.24 
Quinoline -15 -1.31 -1.91 -0.60 -1.49 -0.18 
Sesin 66 -3.81 -5.31 -1.50 -4.76 -0.95 
Styrene -30 -2.87 -2.82 0.05 -2.33 0.54 
Styrene oxide -37 -1.63 -2.40 -0.77 -0.77 0.86 
Tetrachloroguaiacol 121 -4.02 -3.97 0.05 -3.67 0.35 
Toluene -94 -2.20 -2.33 -0.13 -2.10 0.10 
I-CaIVone <25 -2.06 -1.97 0.09 -1.14 0.92 
m-Cresol 11 -0.72 -0.73 -0.01 -1.43 -0.71 
m-Nitrobenzoic Acid 142 -1.80 -1.74 0.06 -2.18 -0.38 
n-Heptane -91 -4.55 -4.14 0.41 -3.86 0.69 
o,p'-DDT 74 -6.84 -7.03 -0.19 -6.30 0.54 
o-Chloroaniline -2 -1.53 -1.55 -0.02 -1.37 0.16 
0-Dinitrobenzene 118 -3.11 -2.91 0.20 -1.63 1.48 
0-Nitrophenol 44 -2.02 -0.59 1.43 -1.29 0.73 
p-Chloroaniline 73 -1.67 -1.97 -0.30 -1.53 0.14 
sec-Butylbenzene -83 -3.91 -4.17 -0.26 -3.56 0.35 
t-Butyl p-Aminobenzoate III -3.29 -3.13 0.16 -2.68 0.61 

Average absolute error 0.41 0.55 
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MP BP LogP Ref' Eq. (6.15) 
(OC) (OC) (atm) 

Compound (25°C) Pred. Error 

(2-Bromoethyl)benzene -67 218 -3.49 1 -3.63 0.14 
1,1,1,2-Tetrachloroethane -70 131 -1.73 1 -1.85 0.12 
1,1,1-Trichloroethane <25 75 -0.80 3 -0.81 0.01 
1,1,2,2,2-Pentachloroethane -29 162 -2.22 1 -2.46 0.24 
1,1,2,2-Tetrachloroethane -36 146 -2.06 1 -2.14 0.08 
1,1,2-Trichloroethane -36 114 -1.39 1 -1.52 0.13 
1,1,3-Trimethylcyc10pentane -14 105 -1.28 1 -1.35 0.07 
1,I-Dimethoxyethane <25 64 -0.60 3 -0.63 0.03 
1,1-Dimethylcyc10hexane -34 120 -1.53 2 -1.63 0.10 
1,2,3,4-Tetrachlorobenzene 48 254 -4.28 1 -4.62 0.34 
1,2,3,4-Tetrahydronaphthalene -36 208 -3.26 2 -3.41 0.15 
1,2,3,5-Tetrachlorobenzene 55 246 -4.01 1 -4.50 0.49 
1,2,3-Trichlorobenzene 53 218 -3.55 1 -3.88 0.33 
1,2,3-Trichloropropane <25 156 -2.40 3 -2.34 -0.06 
1,2,3-Trimethylbenzene -25 176 -2.70 1 -2.74 0.04 
1,2,4,5-Tetrabutylbenzene -79 197 -3.18 1 -3.42 0.24 
1,2,4,5-Tetrachlorobenzene 140 243 -5.14 1 -5.08 -0.06 
1,2,4-Trichlorobenzene 17 214 -3.22 1 -3.54 0.32 
1,2,4-Triethylbenzene <25 218 -3.47 2 -3.62 0.15 
1,2,4-Trimethylbenzene -44 169 -2.57 1 -2.60 0.03 
1,2-Dibromoethane <25 131 -1.70 3 -1.85 0.15 
1,2-Dibromomethane -35 167 -2.57 1 -2.56 -0.01 
1,2-Dichloroethane <25 83 -1.00 3 -0.96 -0.04 
1,2-Dichloropropane <25 96 -1.20 3 -1.19 -0.01 
1,2-Pentadiene -137 45 -0.32 2 -0.31 -0.01 
1,3,5-Cyc1oheptatriene -80 117 -1.61 2 -1.58 -0.03 
1,3,5-Hexatriene -12 78 -0.93 2 -0.87 -0.06 
1,3,5-Trichlorobenzene 63 208 -3.11 1 -3.69 0.58 
1,3,5-Trimethylbenzene -45 165 -2.50 2 -2.51 0.01 
1,3-Cyclohexadiene -89 81 -0.90 2 -0.91 0.01 
1,3-Dichloropropene <25 106 -1.30 3 -1.37 0.07 
1,4-Bromochlorobenzene 68 196 -3.46 1 -3.54 0.08 
1,4-Cyclohexadiene -49 86 -1.06 2 -1.00 -0.06 
1,5-Hexadiene -141 60 -0.54 2 -0.55 0.01 
l-Ethyl-2-methylbenzene -81 . 165 -2.48 1 -2.52 0.04 
1-Ethyl-3-isopropylbenzene <25 192 -2.98 2 -3.08 0.10 
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MP BP LogP Ref' Eq. (6.15) 
(OC) eC) (atm.) 

Compound (25°C) Pred. Error 

1-Ethyl-4-isopropylbenzene <25 137 -3.07 2 -1.95 -1.12 
1-Ethyl-4-methylbenzene -62 162 -2.41 1 -2.46 0.05 
1-Ethylcyclopentene -123 L08 -1.33 2 -1.41 0.08 
1-Ethylnaphthalene -14 259 -4.60 1 -4.53 -0.07 
I-Heptene -119 94 -1.14 2 -1.14 0.00 
I-Heptyne -81 100 -1.37 2 -1.26 -0.11 
I-Hexene -140 63 -0.62 2 -0.61 -0.01 
I-Hexyne -132 71 -0.75 2 -0.75 0.00 
1-Isopropyl-4-methylbenzene -68 177 -2.69 1 -2.76 0.07 
1-Methoxy-2-propanol <25 118 -1.80 3 -1.79 -0.01 
1-Methylcyc10hexene -121 110 -1.42 2 -1.45 0.03 
1-Methylcyclopentene -127 76 -0.82 2 -0.82 0.00 
1-Methylnaphthalene -22 245 -4.29 1 -4.22 -0.07 
1-0ctene -102 121 -l.65 2 -1.68 0.03 
I-Pentene -138 30 -0.08 2 -0.08 0.00 
I-Pentyne -90 40 -0.25 2 -0.24 -0.01 
1,5-trans-9-cis-Cyclododecatriene -18 231 -3.94 2 -3.91 -0.03 
2,2,3-Trimethylpentane -112 lLO -l.38 2 -1.45 0.07 
2,2,4,4-Tetramethylpentane -67 123 -1.59 2 -1.69 O.LO 
2,2,4-Trimethylhexane -123 127 -1.69 2 -1.77 0.08 
2,2,4-Trimethylpentane -L07 99 -1.20 2 -1.25 0.05 
2,2,5-Trimethylhexane -106 124 -1.67 2 -1.72 0.05 
2,2-Dimethylbutane -100 50 -0.38 2 -0.39 0.01 
2,2-Dimethylhexane -121 L07 -1.36 2 -1.40 0.04 
2,2-Dimethylpentane -124 79 -0.87 2 -0.89 0.02 
2,3,3-Trimethylhexane -117 138 -1.83 2 -1.99 0.16 
2,3,3-Trimethylpentane -101 115 -1.46 2 -1.53 0.07 
2,3,4-Trimethylpentane -109 113 -1.46 2 -1.51 0.05 
2,3-Dimethyl-l,3-butadiene (cis,cis) -76 73 -0.71 2 -0.78 0.07 
2,3-Dimethyl-I-butene -157 56 -0.79 2 -0.49 -0.30 
2,3-Dimethyl-l-pentene -135 84 -0.98 2 -0.98 0.00 
2,3-Dimethyl-2-butene -74 73 -0.49 2 -0.78 0.29 
2,3-Dimethyl-2-pentene -118 98 -1.19 2 -1.22 0.03 
2,3-Dimethylbutane -129 58 -0.52 2 -0.53 0.01 
2,3-Pentadiene -126 48 -0.38 2 -0.36 -0.02 
2,4,4-Trimethylhexane -123 127 -1.76 2 -1.77 0.01 
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MP BP LogP Ref' Eq. (6.15) 
(OC) eC) (atm.) 

Compound (25°C) Pred. Error 

2,4-Dimethyl-l-pentene -124 82 -0.91 2 -0.93 0.02 
2,4-Dimethyl-2-pentene -128 83 -0.96 2 -0.96 0.00 
2,4-Dimethylpentane -119 81 -0.89 2 -0.91 0.02 
2,5-Dimethyl-l,5-hexadiene -76 134 -1.67 2 -1.90 0.23 
2,5-Dimethylhexane -91 109 -1.41 2 -1.44 0.03 
2,6-Diaminotoluene 105 260 -5.50 3 -5.26 -0.24 
2,6-Dimethylaniline <25 214 -3.80 3 -3.54 -0.26 
2,6-Dinitrotoluene 71 278 -6.10 3 -5.36 -0.74 
2,7-Dimethyloctane -55 160 -2.31 2 -2.41 0.10 
2-Butanol <25 99 -1.60 3 -1.40 -0.20 
2-Ethyl-l-hexanol <25 185 -3.70 3 -3.26 -0.44 
2-Ethylnaphthalene -16 258 -4.72 1 -4.5 -0.22 
2-Hexanone <25 127 -1.80 3 -1.78 -0.02 
2-Hexene (cis) -141 69 -0.71 2 -0.71 0.00 
2-Methoxyethanol <25 124 -1.90 3 -1.92 0.02 
2-Methyl-l,3-butadiene -146 34 -0.15 2 -0.14 -0.01 
2-Methyl-I-butene -138 31 -0.10 2 -0.10 0.00 
2-Methyl-l-pentene -136 61 -0.60 2 -0.57 -0.03 
2-Methyl-2-butanol <25 102 -1.80 3 -1.46 -0.34 
2-Methyl-2-butene -134 39 -0.22 2 -0.21 -0.01 
2-Methyl-2-pentene -135 67 -0.69 2 -0.68 -0.01 
2-Methyl-3-ethylpentane -115 116 -1.51 2 -1.55 0.04 
2-MethYldecane -49 189 -3.09 2 -3.14 0.05 
2-Methylheptane -109 118 -1.57 2 -1.61 0.04 
2-Methylhexane -118 90 -1.07 2 -1.09 0.02 
2-Methylnaphthalene 35 241 -4.14 1 -4.23 0.09 
2-Methylnonane -74 167 -2.57 2 -2.64 0.07 
2-Methyloctane -80 143 -2.08 2 -2.12 0.04 
2-Methylpentane -154 60 -0.56 2 -0.56 0.00 
2-Methylstyrene <25 171 -2.63 2 -2.64 0.01 
2-Nitropropane <25 120 -1.60 3 -1.63 0.03 
2-Pentene (cis) -151 37 -0.19 2 -0.18 -0.01 
2-Pentene (trans) -136 36 -0.18 2 -0.18 0.00 
2-Pentyne -101 56 -0.51 2 -0.49 -0.02 
3,3'-Dimethylbiphenyl 9 .280 -5.40 2 -5.00 -0.40 
3,3-Dimethyl-I-butene -115 41 -0.25 2 -0.25 0.00 
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MP BP LogP Ref' Eq. (6.15) 
eC) eC) (atm) 

Compound (25°C) Pred. Error 

3,3-Dimethyl-l-pentene -134 78 -0.87 2 -0.86 -0.01 
3,3-Dimethylhexane -126 112 -1.43 2 -1.49 0.06 
3,3-Dimethylpentane -134 86 -0.97 2 -1.01 0.04 
3-Chloropropene <25 45 -0.30 3 -0.31 0.01 
3-Ethylpentane -119 94 -1.12 2 -1.15 0.03 
3-Hexyne -103 82 -0.94 2 -0.93 -0.01 
3-Methyl-l,2-butadiene -120 40 -0.25 2 -0.23 -0.02 
3-Methyl-l-pentene -153 51 -0.46 2 -0.41 -0.05 
3-Methyl-3-ethylpentane -91 118 -1.53 2 -1.60 0.07 
3-Methylheptane -120 115 -1.59 1 -1.56 -0.03 
3-Methylheptane (dl) -121 119 -1.60 2 -1.64 0.04 
3-Methylhexane -119 92 -1.10 2 -1.12 0.02 
3-Methylstyrene -70 168 -2.64 2 -2.58 -0.06 
3-Nitro aniline 114 306 -6.90 3 -7.06 0.16 
4,4-Dimethyl-l-pentene -137 73 -0.75 2 -0.77 0.02 
4-Chloroaniline 69 232 -4.50 3 -4.75 0.25 
4-Methyl-l-pentene -154 54 -0.45 2 -0.46 0.01 
4-Methylcyclohexene -116 103 -1.28 2 -1.31 0.03 
4-Methylheptane -121 118 -1.58 2 -1.61 0.03 
4-Methyloctane -113 142 -2.05 1 -2.1 0.05 
4-Methylstyrene -38 169 -2.63 2 -2.60 -0.03 
4-Vinyl-l-cyclohexene -101 126 -1.74 2 -1.75 0.01 
N,N-dimethylaniline <25 193 -3.20 3 -3.10 -0.10 
Acenaphthene 96 278 -5.23 1 -5.66 0.43 
Acetic Acid <25 117 -1.80 3 -1.77 -0.03 
Acetone <25 56 -0.50 3 -0.49 -0.01 
Acetonitrile <25 82 -0.90 3 -0.94 0.04 
Acetophenone <25 202 -3.30 3 -3.29 -0.01 
Acrolein <25 53 -0.47 3 -0.44 -0.03 
Acrylic Acid <25 139 -2.30 3 -2.24 -0.06 
Acrylonitrile <25 77 -0.80 3 -0.85 0.05 
Allyl Alcohol <25 97 -1.40 3 -1.36 -0.04 
a,a,a-Trifuorotoluene -29 102 -1.30 1 -1.30 0.00 
a-Chlorotoluene -39 179 -2.76 1 -2.81 0.05 
a Picene <25 . 155 -2.20 3 -2.32 0.12 
Aniline <25 184 -3.20 3 -3.24 0.04 
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MP BP LogP Ret Eq. (6.15) 
eC) (OC) (atm) 

Compound (25°C) Pred. Error 

Anisole <25 154 -2.70 3 -2.30 -0.40 
Anthracene 216 342 -8.40 3 -7.93 -0.47 
Aziridine <25 56 -0.60 3 -0.49 -0.11 
Benzanthracene 160 438 -10.4 3 -10.08 -0.32 
Benzene 6 80 -0.91 2 -0.90 -0.01 
Benzopyrene 176 495 -11.2 3 -11.65 0.45 
Benzyl chloride <25 179 -2.80 3 -2.81 0.01 
r3-N aphthalamine 112 306 -6.50 3 -6.45 -0.05 
Bicyclo[2.2.1]-2-heptene 46 96 -1.12 2 -1.37 0.25 
Bicyclo[2.2.1]hepta-2,5-diene 46 96 -1.06 2 -1.37 0.31 
Biphenyl 71 256 -4.88 1 -4.82 -0.06 
bis-2-Chloroethylether <25 178 -2.70 3 -2.79 0.09 
Bromobenzene -31 156 -2.26 1 -2.34 0.08 
Bromoform -8 150 -2.14 1 -2.22 0.08 
Butanol <25 118 -2.10 3 -1.79 -0.31 
Butyl Acetate <25 125 -1.70 3 -1.73 0.03 
Butyl Benzyl Phthalate -35 370 -8.00 3 -7.17 -0.83 
Camphene 51 159 -2.41 2 -2.65 0.24 
Carbon Tetrachloride <25 77 -0.80 3 -0.85 0.05 
Chloroacetone <25 120 -1.80 3 -1.63 -0.17 
Chlorobenzene -46 132 -1.80 1 -1.86 0.06 
Chloroform <25 61 -0.60 3 -0.58 -0.02 
Chloropicrin -64 112 -1.63 4 -1.48 -0.15 
Chlorotoluene <25 158 -2.30 3 -2.38 0.08 
cis-I ,2-Dichloroethylene <25 60 -0.60 3 -0.56 -0.04 
cis-I ,2-Dimethylcyclohexane -50 130 -1.73 2 -1.82 0.09 
cis-I,2-Dimethylcyclopentane -62 99 -1.21 2 -1.25 0.04 
cis-l,3-Dimethylcyclohexane -76 120 -1.56 2 -1.64 0.08 
cis-I, 4-Dimethylcyclohexane -87 124 -1.64 2 -1.72 0.08 
cis-3-Hexene -138 66 -0.67 2 -0.67 0.00 
cis-3-Methyl-2-pentene -138 68 -0.69 2 -0.69 0.00 
cis-4-Methyl-2-pentene -134 56 -0.50 2 -0.5 0.00 
cis-Cyclooctene -12 138 -2.01 2 -1.98 -0.03 
Crotoaldehyde <25 104 -1.30 3 -1.33 0.03 
Cumene -97 . 152 -2.21 1 -2.26 0.05 
Cyclodecane <25 201 -3.13 2 -3.27 0.14 
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MP BP LogP Ref' Eq. (6.15) 
(OC) eC) (atm.) 

Compound (25°C) Pred. Error 

Cycloheptane -12 119 -1.49 2 -1.61 0.12 
Cyclohexane 7 81 -0.90 2 -0.91 0.01 
Cyclohexanol 24 161 -3.80 3 -2.72 -1.08 
Cyclohexanone <25 155 -2.20 3 -2.32 0.12 
Cyclohexene -104 83 -0.94 2 -0.96 0.02 
Cyclooctane 14 149 -2.14 2 -2.20 0.06 
Cyclooctatetraene -4 143 -2.00 2 -2.07 0.07 
Cyclopentadiene -85 42 -0.25 2 -0.26 0.01 
Cyclopentane -94 49 -0.39 2 -0.38 -0.01 
Cyclopentene -135 44 -0.31 2 -0.30 -0.01 
d-2-Carene <25 167 -2.52 2 -2.56 0.04 
d-a-Pinene -62 156 -2.25 2 -2.34 0.09 
d-Limonene <25 176 -2.57 2 -2.74 0.17 
Decane -30 174 -2.78 2 -2.81 0.03 
Decylamine <25 217 -3.90 3 -3.80 -0.10 
Dibutyl Phthalate <25 340 -7.00 3 -6.72 -0.28 
Diethyl Phthalate -41 299 -5.70 3 -5.49 -0.21 
Diisopropyl Ether <25 68 -0.70 3 -0.69 -0.01 
Dimethyl Formamide <25 153 -2.30 3 -2.28 -0.02 
Dimethyl Phthalate 1 282 -5.70 3 -5.04 -0.66 
Dioxane <25 101 -1.30 3 -1.28 -0.02 
Diphenylmethane 25 264 -4.81 2 -4.65 -0.16 
dl-Camphene 51 159 -2.41 2 -2.66 0.25 
dl-Limonene <25 176 -2.60 2 -2.'/4 0.14 
Dodecahydrofluorene <25 253 -4.20 2 -4.39 0.19 
Dodecane -10 216 -3.75 2 -3.81 0.06 
Ethanol <25 78 -1.10 3 -0.98 -0.12 
Ethoxyethanol <25 135 -2.10 3 -2.15 0.05 
Ethyl Acetate <25 77 -1.50 3 -0.85 -0.65 
Ethylbenzene -95 136 -1.91 2 -1.95 0.04 
Ethylcyclohexane -111 132 -1.78 2 -1.86 0.08 
Ethylcyclopentane -138 104 -1.29 2 -1.33 0.04 
Ethylene Glycol <25 197 -3.90 3 -3.90 0.00 
Fluorene 116 295 -6.05 1 -6.24 0.19 
Formic acid <25 . 100 -1.30 3 -1.42 0.12 
Heptadecane 22 302 -6.85 2 -6.17 -0.68 
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APPENDIX E: Continued 

MP BP LogP Ref' Eq. (6.15) 
(OC) (OC) (atm) 

Compound (25°C) Pred. Error 

Heptane -91 98 -1.23 2 -1.25 0.02 
Hexachlorobenzene 229 332 -7.80 3 -7.47 -0.33 
Hexadecane 19 287 -5.25 1 -5.72 0.47 
Hexane -95 69 -0.71 2 -0.71 0.00 
Indene -2 183 -2.67 2 -2.88 0.21 
Iodobenzene -31 188 -2.88 1 -2.99 0.11 
iso-Propylcyclohexane -90 155 -2.21 2 -2.31 0.10 
Isobutanol <25 108 -1.80 3 -1.58 -0.22 
Isobutylbenzene -51 173 -2.56 1 -2.68 0.12 
Isobutyraldehyde <25 63 -0.60 3 -0.61 0.01 
Isophorone -8 215 -3.31 4 -3.56 0.25 
I-J3-Pinene -61 166 -2.42 2 -2.54 0.12 
I-Limonene <25 176 -2.61 2 -2.74 0.13 
m-Dibromobenzene -7 218 -3.24 1 -3.63 0.39 
m-Dichlorobenzene -25 173 -2.51 1 -2.68 0.17 
m-Xylene -48 139 -1.96 1 -2.00 0.04 
Methanol <25 65 -0.80 3 -0.73 -0.07 
Methyl Ethyl Ketone <25 80 -0.90 3 -0.90 0.00 
Methyl Isobutyl Ketone <25 117 -1.60 3 -1.58 -0.02 
Methylcyclohexane -127 101 -1.22 2 .:.1.28 0.06 
Methylcyclopentane -142 72 -0.75 2 -0.76 0.01 
Methylenecyclohexane -107 103 -1.28 2 -1.31 0.03 
Morpholine <25 129 -1.90 3 -1.81 -0.09 
n-Octadecane 28 316 -6.60 2 -6.65 0.05 
n-Butylbenzene -88 183 -2.86 1 -2.89 0.03 
n-Pentylbenzene -75 205 -3.36 1 -3.35 -0.01 
Naphthalene 80 218 -3.96 1 -4.06 0.10 
Nitrobenzene <25 210 -3.50 3 -3.46 -0.04 
Nonane -51 151 -2.30 2 -2.3 0.00 
o-Chloroaniline <25 209 -3.50 3 -3.82 0.32 
o-dichlorobenzene -17 181 -2.71 1 -2.85 0.14 
0-Toluidine <25 200 -3.40 3 -3.61 0.21 
o-Xylene -25 144 -2.06 1 -2.10 0.04 
Octacosane 65 432 -11.10 2 -11.45 0.35 
Octane -57 . 126 -1.74 2 -1.78 0.04 
p-Cresol <25 202 -3.80 3 -3.66 -0.14 
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APPENDIX E: Continued 

MP BP LogP Ref' Eq. (6.15) 
(OC) (OC) (atm.) 

Compound (25°C) Pred. Error 

p-Iijbromobenzene 87 219 -3.67 1 -4.14 0.47 
p-Dichlorobenzene 53 174 -2.91 4 -2.92 0.01 
p-Xylene 13 138 -l.94 2 -l.99 0.05 
Parathion 6 375 -8.23 4 -7.45 -0.78 
PCP 190 310 -7.70 4 -7.74 0.04 
Pentachloroethane <25 161 -2.30 3 -2.44 0.14 
Pentane -130 36 -0.18 2 -0.17 -0.01 
Phenanthrene 100 340 -6.80 3 -7.05 0.25 
Phenol 41 182 -3.30 3 -3.34 0.04 
Propionaldehyde <25 48 -0.40 3 -0.36 -0.04 
Propionic Acid <25 141 -2.30 3 -2.28 -0.02 
propylbenzene -102 159 -2.34 1 -2.40 0.06 
Propylcyclohexane -95 157 -2.27 2 -2.35 0.08 
Propylcyclopentane -117 131 -1.79 1 -1.85 0.06 
Pyrene 150 404 -8.50 3 -8.89 0.39 
Pyridine <25 115 -l.60 3 -l.54 -0.06 
Quinoline <25 237 -3.90 3 -4.04 0.14 
sec-Butylbenzene -75 173 -2.62 1 -2.68 0.06 
Styrene -31 145 -2.07 2 -2.12 0.05 
t-Butanol <25 83 -l.30 3 -1.08 -0.22 
t-Butylbenzene -58 169 -2.54 1 -2.60 0.06 
Tetrachloroethylene <25 121 -1.60 3 -1.65 0.05 
Tetradecane 6 254 -4.74 2 -4.78 0.04 
Toluene -95 III -l.43 2 -1.46 0.03 
Toluenedismine 105 255 -5.50 3 -5.23 -0.27 
trans-l,2-Dimethylcyclohexane -89 123 -1.60 2 -1.70 0.10 
trans-l,2-Dimethylcyclopentane -120 92 -1.08 2 -1.11 0.03 
trans-l,3-Dimethylcyclohexane -90 124 -1.64 2 -1.72 0.08 
trans-l,4-Dimethylcyclohexane -37 119 -1.53 2 -1.62 0.09 
trans-2-Heptene -110 98 -1.22 2 -1.22 0.00 
trans-3-Heptene -137 96 -1.18 2 -1.18 0.00 
trans-3-Hexene -113 67 -0.69 2 -0.68 -0.01 
trans-3-MethyI-2-pentene -135 70 -0.74 2 -0.74 0.00 
trans-4,4-Dimethyl-2-pentene -115 77 -0.84 2 -0.84 0.00 
trans-4-Methyl-2-pentene -141 59 -0.54 2 -0.53 -0.01 
trans- /3-Methylstyrene <25 175 -2.68 2 -2.72 0.04 
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APPENDIX E: Continued 

MP BP LogP Ret Eq. (6.15) 
(OC) (OC) (atm) 

Compound (25°C) Pred. Error 

Trichloroacetaldehyde <25 98 -1.20 3 -1.22 0.02 
Trichloroacetic Acid 57 197 -2.90 3 -3.86 0.96 
Trichlorohydrin -15 157 -2.38 1 -2.36 -0.02 
Trichloropropane -15 157 -2.38 1 -2.36 -0.02 
Tricosane 48 380 -9.41 2 -9.12 -0.29 
Trimethylbenzene <25 168 -2.60 3 -2.58 -0.02 
Undecane -26 196 -3.30 2 -3.32 0.02 
Water 0 100 -1.50 3 -l.57 0.07 

* Reference 
1 - Mackay et al. (1982) 
2 - Chickos et al. (1993c) 
3 - Bannerjee et al. (1990) 
4 - Suntio et al. (1988) 
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