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ABSTRACT 

The AQUAFAC (Aqueous Functional Group Activity Coefficients) method for 

predicting aqueous activity coefficients proposed by Myrdal et al. (1992) is 

expanded to include for hydrogen bonding groups: hydroxy, carboxy, nitro and 

amino. Activity coefficients can be used to estimate aqueous solubility. 

Using aqueous solubility data, from a number of sources, for a set of subsituted 

aromatic compounds, group or q values are derived.. Group values have been 

generated for a number of substituents, none have included hydrogen bonding 

groups (Myrdal et al., 1992,1993). Q values are related to activity coefficients 

through the following relationship: 

log yw = Sniqi 

where log yw is the log of the acitvity coefficient, q; is the group value subtituent i 

and nj is the group frequency. 

Ortho effects between hydrogen bonding groups is also examined. Intramoleculat 

hydrogen bonding involving carboxy substituted compounds, in this research, does 

appear to affect aqueous solubility. 



8 

CHAPTER 1 

INTRODUCTION 

Determining the solubility of an organic solute in water is important in predicting 

its behavior in the environment. A high aqueous solubility, for example, often 

means a greater solute freedom and mobility in the environment. A large group of 

organic solutes in the environment is made up of environmental pollutants such as 

chlorobenzenes and chlorophenols, and therefore, a knowledge of their aqueous 

solubility provides for a better understanding of their possible interactions in the 

environment. A number of physicochemical properties including aqueous activity 

coefficients can be used to predict a solute's aqueous solubility. 

An activity coefficient can be defined as a "correction factor compensating for 

nonideal behavior" (Lyman et al.,1982) of a soultion; it essentially accounts for a 

solution's deviation or departure from ideality. For example, while the chemical 

potential (n) for an ideal solution equals the following : 

Hi = Hi° + RT In xj (!_!) 

where |a; is the chemical potential for component i, |Uj° is the chemical potential at 

a particular standard state and x; is the mole fraction of i, for a nonideal solution 

the xj is replaced by an activity term or a; to yield: 

|ij = m° + RT In aj (1-2) 
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The activity term is equal to 

ai  = Yixi  (1-3) 

where yj is the activity coefficient for component i. 

This equation changes in the case of an ideal solution where the activity coefficient 

equals unity, thus 

According to the chemical potential equation, activity coefficients are dependent 

upon pressure, temperature and the composition of a solution or mixture. 

In addition, activity coefficients can be related to the vapor pressures of two 

liquids which form a nonideal mixture. The vapor pressures for liquids 1 and 2 in 

an ideal solution can be expressed as follows: 

(1-4) 

P1 =XiP,° 

P2 = X2P20 

(1-5) 

(1-6) 

where Pj® and P2® are vapor pressures of the pure liquids. In the case of a 

nonideal mixture , activity coefficients are applied to the above pressure equations 

to give 
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P l =  Y 1 X 1 P 1 0  

P2 = 72^2^2° 

(1-7) 

(1-8) 

Other characterisitics of activity coefficients include the fact that they have units of 

moles/liter and range in value from around 0.4 to 10?. Since many solutions follow 

nonideal behavior, these coefficients are important and useful in predicting a 

number of physicochemical properties. Besides water solubility, activity 

coefficients are helpful in determining Henry's law constants and octanol-water 

partition coefficients. As a result of their usefulness, activity coefficients have 

found application in several fields of study including the environmental sciences, 

chemical engineering and biomedical research. 

A common way to obtain activity coefficients in liquids is through the use of 

vapor-pressure measurements. One weakness, unfortunately, of this method is the 

difficulty often encountered when attempting to measure vapor pressures. Activity 

coefficients can also be determined by measuring the osmotic pressure of a 

solution or its freezing point. The freezing point method's main disadvantage is 

that y values can only be determined at the freezing point of the solvent (Castellan 

et al., 1983). 

There are also a number of group contribution techniques that can be used to 

estimate activity coefficients. Included in these methods are the UNIFAC and 

AQUAFAC approaches. The AQUAFAC method offers some advantage over the 

UNIFAC method since it allows for the calculation of aqueous activity 

coefficients directly from aqueous solubility data (Myrdal et al., 1993). 
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This work evaluates compiled aqueous solubility data for a number of hydrogen 

bonding aromatic compounds with the goal of deriving AQUAFAC group values 

for the hydroxy, carboxy,amino and nitro substituents; which can be used to 

predicit the aqueous activity coefficients and aqueous solubility. The total 

theoretical activity coefficient yw is calculated according to the following equation 

used by AQUAFAC: 

ASf 
log yw = logSw + (MP-25) (1-9) 

2.303-298-R 

where log yw is the log of the total theoretical activity coefficient, ASf is the 

entropy of fusion, MP is the melting point (in centigrade) of the concerned 

compound and R is the ideal gas constant. 

Though the following equation is correct, 

y w  =  2 n j q j  ( M 0 )  

where q j is the group value of component i and n j is the group value frequency, in 

this case, the equation cannot be used to solve for yw because not all the group 

values are known for the compound. A gamma value using equation (1-10) and the 

known group values is calculated and can be termed the AQUAFAC activity 

coefficient. The difference between the total theoretical-activty coefficient 
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and the so-called AQUAFAC activity coefficient is equal to the contribution made 

by the investigated group(s) and/or correction factor(s). The derivation of group 

values for these four hydrogen bonding groups expands applicability of the 

AQUAFAC method to include compounds with these substituents. In addition, 

since the data set does include several ortho-substituted compounds which contain 

hydrogen bonding groups (hydroxy, carboxy, amino and nitro groups), any effect 

on aqueous activity coefficients and water solubility due to possible intramolecular 

hydrogen bonding is also investigated. 
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CHAPTER 2 

BACKGROUND 

Prediction of aqueous solubility can be approached by a number of different 

methods. Several methods are techniques for estimating aqueous activity 

coefficients and are related to solubility according to the following expressions; 

one for liquid solutes and one for crystalline solutes. For liquids, 

log Xw = -log yw C2-n 
\ / 

where Xw is the mole fractional solubility and yw is the acitivity coefficient, and 

For crystalline solutes, 

log Xw
c = log Xjc - log yw (2-2) 

where Xw
c is the experimental mole fraction solubility, Xjc is the mole fractional 

ideal solubility and yw is the solute's activity coefficient. The mole fractional ideal 

solubility term in Equation 2-2 can also be expressed as molar ideal solubility or Sj, 

thus: 

log Sobs = logSi - log/i (2-3) 
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where S0hs is the observed solubility, Sj is the ideal solubility and yj is the aqueous 

activity coefficient. The ideal solubility is dependent upon the contribution of the 

crystalline solute to the solubility through the intermolecular forces related to it. 

Examples of such forces include hydrogen bonding, dispersion forces and dipole 

interactions. 

The ideal solublity is defined as follows: 

, ASf(Tm-T) ACp r Tm+T . Tm •. 
log Si = - - + - 1 In— 1 (2-4) 

2.303-R-T 2.303-R L T T J 

where Tm is the melting point (degrees Kelvin), T is the temperature of interest, A 

Sf is the entropy of fusion, ACp is the change in heat capacity which accompanies 

melting and R is the ideal gas constant. The ACp is usually small and can be 

ignored (Myrdal et al., 1992) thus 

at 25°C : 

ASf 
log Si = — (MP-25) . (2-5) 

2.303-298-R 

The entropy of fusion term ASf for rigid organic compounds can be estimated 

using an equation proposed by Dannenfelser, Yalkowsky and Surendran (Myrdal 

et al., 1992) which relates the ASf to symmetry as follows: 

ASf = 13.5-4.61ogcr (2-6) 
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where the variable a is known as the symmetry number which can be defined as the 

"number of indistinguishable positions in which a compound can be 

oriented"(Myrdal et al., 1992). Equation 2-5 then becomes: 

logSi = [ - 0.01+ 0.003log <r ][ MP-25 ]. (2-7) 

The second term yw in Equation 2-2 is the aqueous activity coefficient and can be 

calculated in a number of different ways. Included among these techniques are 

those based upon octanol/water partition coefficients which are determined using 

the fragment addition method, activity coefficients generated by the UNIFAC 

method proposed by Frendenslund et al. and finally activity coefficients calculated 

using the AQUAFAC approach. All of these approaches consider contributions 

made by the groups or substituents found on a molecule. 

OctanolAVater Partition Coefficients: 

The first approach to estimating aqueous activity coefficients and aqueous 

solubility is to use a compound's octanol/water partition coefficient which can be 

defined as the ratio of a compound's concentration in octanol to its concentration 

in water at equilibrium Though partition coefficients can be measured 

experimentally in a number of different ways, the fragment addition method 

developed by Leo, Hansch and coworkers (Lyman et al., 1982) provides a 

convenient and accurate way to predict them. This approach requires a knowledge 

of the chemical structure of the 
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specific compound and involves using group fragment values (f) along with 

structural variables or corrections factors (F) to determine the octanol/water 

partition coefficient (Kow). The sum of f values and F factors yields the log Kow 

value, thus: 

log KQW 
= I a; fi + SbjFj (2-8) 

where "a" and "b" represent, respectively, the number of times a fragment value 

and correction factor are used in the molecule. 

The derivation of the different fragment constants is based upon the substitution of 

the hydrogen fragment constant into known partition coefficient values to yield 

new fragment constants. Over two hundred fragment values (f) have been derived 

for coefficient determination. A fragment can have a different value depending 

upon whether the structure to which it is bonded is aliphatic or aromatic. The 

structural variables (F), on the other hand, are fewer in number and correct for 

structural characterisitics such as molecular flexibility, branching, and unsaturation; 

characteristicis which can affect the octanol/water partition coefficient values. 

Correction factors (F) are applicable when dealing with a number of different 

chemical classes including hydrocarbons, halogenated alkanes, aromatics and 

compounds containing heteroatoms. 

Though the partition coefficient of a compound can be calculated by breaking the 

compound down into its corresponding f values and considering the appropriate F 

factors, log Kow can also be estimated by using a known log Kow value for a 
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compound that is similar in structure to the compound being evaluated and 

substracting and adding the necessary f groups and correction factors. For 

example, the log Kow for a bromo- subsituted benzene could be determined using 

the known value for a chloro-substituted benzene, subtracting the f q\ value and 

adding the f Br value. 

Though the method for determining partition coefficients may appear complicated, 

a computer algorithm using the Leo and Hansch approach has been developed to 

calculate Kow values and is known as "CLOGP." 

Octanol/water partition coefficients can be related to aqueous activity coefficients 

and solubility through a number of different equations (Lyman et al., 1982). 

The partition coefficient can also be defined as the mole fraction partition 

coefficient, K(X)0W ,and is related to activity coefficients through the following 

equation: 

where Yw ls the activity coefficient of a solute in water and Yo is the solute activity 

coefficient in octanol. Using Equation 2-9 and applying it to fractional soluility 

gives: 

K(X)ow = 
yo 

(2-9) 

logxw = - \ogyo - logK(X)ow (2-10) 
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Equation 2-10 is modified by converting it to molar solubility terms and then 

having the y0 drop out. The y0 drops out because the octanol is completely 

miscible with all liquid solutes with solubility parameters between 7 and 10.4 and if 

y0 is 1 at complete miscibility, then log y0 becomes zero. The equation, therefore, 

becomes 

logSw =-logKow+0.8 (2-11) 

This equation is can be used to predict the solubility of liquid nonelectrolytes. 

As can be noted from the previous equations, aqueous solubility and octanol/water 

partition coefficients are inversely proportional to one another (Lyman et al., 

1982); in other words compounds with low Kow values are usually hydrophilic 

and, as a result, often have high aqueous solubilities, while compounds with high 

Kow values are more hydrophobic. The Yalkowsky equation (Yalkowsky et al., 

1992) expands Equation 2-11 to make it applicable to estimating the solubility of 

rigid solid nonelectrolytes by adding a melting point term resulting in the following 

equation: 

logSw = [ -0.01 + 0.003log a ][ MP-25 ]-logKo\v + 0.8 (2-12) 

where log Sw is the log of the aqueous solubility and the MP is the melting point 

expressed in degrees celsius of the specific compound. The MP term goes to zero 

when the MP of the solid is less than 25°C. 
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Overall, the Yalkowsky equation is considered to be quite reliable (Yalkowsky et 

al., 1992). 

Though the fragment addition method for predicting octanol-water partition 

coefficients is a "fairly powerful one" (Lyman et al., 1982), it does have some 

weaknesses. For example, it can overestimate Kow values for compounds that 

have strong hydrophobic character (Yalkowsky et al., 1992). 

UNIFAC 

UNIFAC is another method to predict aqueous activity coefficients which, in turn, 

can be related to aqueous solubility. UNIFAC, which stands for Uniquac 

Functional group Activity Coefficients, enables the calculation of activity 

coefficients of mixtures based upon experimental data derived from pure 

compounds. In the UNIFAC method the logarithm of the activity coefficient of 

component i is equal to the sum of two terms: the combinational and residual 

contributions according to the following equation: 

In yj = In Yjc + In Yjr 2-13) 

where yj is the activity coefficient of solute i, yjc is the combinational contribution 

and Yjr is the residual contribution. The combinational contribution is dependent 

upon the size and shape differences of molecules in the mixtures, while the residual 
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contribution is due to intermolecular interactions. A set of equations applies to 

each of the contributions. 

The combinational contribution to the activity coefficient is represented by the 

following equation: 
<l>i 2 ©i <t>i 

In Yic = In — + — qi In — + lj E j xj lj (2_i4) 
x; 2 <J)j xj 

where 0j is the area fraction of the ith component, <j)j represents the volume 

fraction of component i, xj is the mole fraction, j equals the summation of all 

compounds, qj is the molecular van der waals volume for component i and rj 

represents the volume fraction of component i. These two last terms are calculated 

using group volumes and area parameters respectively. 

Finally, the lj is determined through the equation: 

li=|(ri_qi)-(ri-l) (2-15) 

where z is the coordination number. 

The residual contribution to the activity coefficient is the sum of the residual 

activities for each group which makes up the molecule, thus: 

t a t f - S k V k K l n l k - l n l V )  (2-16) 
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where 1 is the number of type k groups in the i molecule, In is the group 

residual acitivity coefficient and In Tj^1 is the residual activity coefficient of the k 

group in a reference solution containing molecules of type i. The residual 

contribution is a complex function involving area fraction, group and group 

interaction parameters. 

The relationship between aqueous activity coefficients and water solubility is given 

by: 

Sw = 55.5— (2-17) 
y\\ 

where Sw is the water solubility, aorg is the activity of a compound in organic 

phase,yw is a compound's aqueous activity coefficients and 55.5 is the number of 

moles in one liter of water. This equation was expanded to correct for 

underestimates that UNIFAC gave for larger and more hydrophobic molecules, 

thus: 

logSw = 1.2 + 0.78^[ -0.01 + 0.03logo* ][ MP-25 1 (2-18) 
y\\ 

Though UNIFAC is useful especially in dealing with mixtures since it determines 

activity coefficients of individual groups on a molecule, it still suffers from the fact 
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that interaction parameters for only a small number of functional groups exist 

(Yalkowsky et al., 1992), and includes a number of poorly defined variables. 

AQUAFAC 

The AQUAFAC method can also be used to predict aqueous activity 

coefficients.Like UNIFAC, the AQUAFAC is a group contribution method. Unlike 

UNIFAC, it relies on fewer equations to estimate coefficients, making it quicker 

and easier to use, one of the motivations behind using the AQUAFAC approach to 

study the solubility of hydrogen bonding aromatic compounds. Moreover, neither 

the octanol-water partition coefficient approach nor the UNIFAC method is 

based only on aqueous data as is the case with AQUAFAC (Myrdal et al., 1992). 

According to the AQUAFAC method , the aqueous activity coefficients can be 

determined by the following equation: 

logyw = Injqj (2-19) 

where qj group value of component i and nj is the number of times a group occurs 

in the molecule: the aqueous activity coefficient is the sum of a molecule's 

AQUAFAC group values and their frequencies. 
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Substituting Equation 2.5 into 2.3 yields a relationship between solublity and 

activity coefficients also used in AQUAFAC where Sw is is aqueous solubility, 

thus: 

log^w=logSw+[ -0.01+0.0031og<r ][ MP-25 ] (2-20) 

The equation uses a temperature of 25°C. 

Given the values for activity coefficients, entropy of fusion and melting point, the 

above equation can be rearranged to estimate aqueous solubility, therefore: 

logSw = log^w-[ -0.01 + 0.003logcr ][ MP-25 ] (2-21) 

Thus far, studies using the AQUAFAC method to predict aqueous activity 

coefficients have yielded favorable results. One study (Myrdal et al., 1992) 

examined a set of 87 compound made up of 554 data points and detemined a R 

square of 0.946 and root mean square value of 0.345, while a second study 

(Myrdal et al., 1993) using a set of over 621 compounds representing over 1700 

solubility values gave an R square value of 0.98 and a root mean square value of 

0.47. Neither of these studies have closely examined the issue of proximity effects 

on aqueous activity coefficients and aqueous solubility that may be found with 

hydrogen bonding aromatic compounds that contain ortho groups. A hydrogen 

bondiing group on a compound can hydrogen bond with water and increase the 

compound's water solubility. In contrast, when another group capable of 
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hydrogen bonding is found ortho to a hydrogen bonding group, intramolecular 

hydrogen bonding may occur which would affect the aqueous activity coefficient 

and aqueous solubility, since the hydrogen bonding groups would bind fewer water 

molecules. Considerations regarding possible proximity effects of two hydrophilic 

groups found close together on a molecule have already been made in calculating 

partition coefficients using fragment constant methods (James et al., 1986). This 

research shall also investigate such effects. 
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CHAPTER 3 

EXPERIMENTAL 

Data: 

Experimentally determined water solubilities for compounds were taken from the 

AQUASOL dATAbASE (Yalkowsky et al., 1991) which contains data gathered 

from a variety of primary sources and includes a mean log (solubility) value. Most 

of the compounds in the data set for the study contain one or more of either 

hydroxy, carboxy, nitro or amino groups with many also having groups 

substituted ortho to these hydrogen bonding substituents. The majority of the 

solubility values used were those determined at 25°C. In all other cases, when 

data were given at both 20°C and 30°C the average of the two values is used. The 

aqueous solubilities then were converted to units of moles per liter before being 

evaluated (see Data Evaluation). Values range from 6 E-7 to 9 E-l moles/liter. 

Other physicochemical properties including melting points and molecular weights, 

both of which are known, were obtained from a number of sources, including 

various handbooks. The entropy of fusion values were calculated using Equation 

2-6. In total, 211 compounds representing over 450 solubility values were used in 

the study. A number of compounds were excluded either because no melting point 

was found or the compounds decomposed before melting.Three compounds were 

deleted as outliers. In each case, the compound was an outlier of more than three 

standard deviations in the regression. 

Data Evaluation: 

All the solubility data gathered were evaluated by a scheme proposed by 

Dannenfelser et al.( 1991) According to this scheme (see Table 3-1), the 
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experimental data are evaluated based upon several parameters: temperature, 

solute purity, equlibration time, agitation, analysis and accuracy or precision. Each 

parameter is assigned a certain rank or point value from 0-2. The individual ranks 

are then summed together to give a total evaluation score ranging from 0-10. This 

evaluation provides a measure of the quality with which the data was reported, 

rather than the reliability of the data; hence a high evaluation score does not 

guarantee a high quality value. 

Table 3-1: Explanation of Data Evaluation Scheme 

Parameter Points Points Points 
0 1 2 

Temperature Not given, ambient, 
or room 
temperature 

Given with no range Given with range 

Purity of Solute Not stated or as 
received 

Stated with no 
range or as received 
with range 

Stated with range 
or altered or 
calculated 

Equilibration time 
/Agitation 

Not stated Stated briefly Described in detail 

Analysis Not stated Stated briefly or 
stated in other 
paper 

Described in detail 

Accuracy and / or 
precision 

1 significant figure 
or range > 20% 

2 significant figures 
or range 5-20% 

3 significant figure 
or range 1-5% 

As referenced by Dannenfelser et al. (1991). 
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Fragmentation Scheme: 

Compounds in the data set are broken down according to the fragmentation 

scheme used by the AQUAFAC method. The scheme is based upon the schemes 

proposed by Rekker and Fedors (Myrdal et al., 1992). In contrast to these two 

methods, though, AQUAFAC also distinguishes alkyl groups based upon the 

atoms which are neighbors to these groups, distinguishing between an alkyl group 

bound to an aromatic carbon and a aliphatic carbon. The aromatic ring is broken 

down into its component carbons which are each designated according to the 

groups to which they are bonded. Substituents attached to the aromatic ring are 

also included in the group breakdown. A compound's breakdown when complete 

will include all of its component atoms (see Figure 3-1). A number of group values 

(q-values) have already been derived in two previous studies (Myrdal et al., 1992, 

1993). The q values include a designation that accounts for the electronic effects of 

neighboring atoms. The prefix "X" in front of a group values indicates bonding of 

the group to a sp3 carbon, a "Y" and "YY" denotes bonding of a group to one and 

two sp^ carbons, respectively. Table 3-2 lists the known AQUAFAC group values. 

Included in these values are hydrogens, sp3 carbons, sp2 carbons, halogens, ethers, 

epoxides, esters, ketones and aldehydes. 



Figure 3-1: Example of breakdown using AQUAFAC 
fragmentation scheme 

2,4-Dichlorophenol 

Y-OH OH 
Y-CI 

CI 

O 
CHAR 

CI 
CAR 

BREAKDOWN: 3 CHAR, 
3 CAR 

2Y-C1 
1 Y-OH 
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Table 3-2 : Derived AQUAFAC Group Values 

Parameter X Y YY No Prefix 
CAR* 0.517 
CTAR* 0.297 
CHAR* 0.333 
CH2DB* 0.618 
EPOX -0.442 
NAR* -0.988 
CRING* -0.071 
HCOO* -1.304 
C 0.089 -0.342 -0.428 
CH 0.350 0.132 -0.257 
CH2 0.553 0.015 0.077 
CH3 0.680 0.211 
CHO -1.104 -0.903 
O -1.522 -0.694 -0.077 
CO -0.991 -0.695 -0.529 
COO -1.089 -0.876 
CHDB 0.645 
CDB 0.592 
CI 0.364 0.445 
Br 0.364 0.675 
F 0.223 -0.157 
I 0.486 0.933 
References: Myrdal et al.(1992, 1993). 

Description of Groups 

CAR = aromatic carbon 

CHAR - aromatic -CH-

CTAR - YY-CDB plus bridgehead carbons (CARBR) plus biphenyl carbons 

(CARBIP) 

CH2DB - CH2 group with double bond 

EPOX - epoxide group 

CRING - carbon in non aromatic ring 

CHDB - CH group with double bond 

CDB - carbon with double bond 
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Activity Coefficient Determination: 

The activity coefficient values for each compound are determined using Equation 

2-20. To use this equation a number of variables must be known. Melting points, 

aqueous solubilities, frequencies and evaluations are included in these variables. 

Known melting points are easily obtained from handbooks including the Merck 

Index. Aqueous solubilites, as mentioned previously, are taken from the 

AQUASOL dATAbASE. Evaluation factors are determined by the above 

evaluation scheme and finally frequencies are simply the number of solubility data 

values used to calculate a recommended one. Once activity coefficients are 

detemined, q or group values are generated through regression. The statistical 

analysis is done using the Statistical Analysis System (SAS, 1982) with the 

subroutine PROC REG on the University of Arizona VAX. In the regression, an 

additional activity coefficient is calculated using Equation 2-19. The difference 

between the coefficient values calculated using Equation 2-20 and 2-19 is then 

used to determine a group value. A negative value will decrease the aqueous 

activity coeffcient and lead to an increased solubility estimation, while a positive 

value will have the opposite effect. 

Activity Coefficient Weighting: 

Because of differences in the frequencies of compounds in the data set, along with 

varying evaluation indices, the calculated activity coefficients must be weighted. 

The following equation is used to weigh the predicted activity coefficients: 



31 

. , sq.rt.(frequency)*evaluation index 
Weight = — — — (3 -1) 

(1 + Standard Deviation) 

The numerator in Equation 3-1 includes the square root of the frequency of the 

data points for a compound and the evaluation index as determined by the outlined 

method (see Data Evaluation section), while the numerator includes the calculated 

standard deviation of the preidicted activity coefficient. 

Group Value and Correction Factor Estimation: 

Table 3-3 includes all the molecular fragments or group values examined in this 

study. Each is found in compounds included in the data set. Table 3-4 lists the 

intramolecular hydrogen bonding correction parameters that were studied. Each 

IHB parameter accounts for a possible intramolecular hydrogen bond involving an 

ortho-substituted compound. The number following the IHB letters specifies the 

number of members that would be found in the ring created by an intramolecular 

hydrogen bond. A number of additional corrections factors which accounted 

intramolecular hydrogen bonding including only certain functional groups were 

also tested Regressions were performed to yield estimates for these parameters 

and indicate whether or not they are statistically siginificant. 



Table 3-3: Groups to be Investigated 
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GROUP PREFIX 
COOH Y 

OH Y 
N02 Y 
NH2 Y 

CONH2 Y 
NHCO Y 
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Table 3-4: Correction Parameters to be Investigated 

Parameter Description 
I1IB4 -intramolecular hydrogen bonding to yield 

4 member ring 

IHB5 
-intramolecular hydrogen bonding to yield 
5 member ring 

IHB6 

-intramolecular hydrogen bonding to yield 
6 member ring 

-intramolecular hydrogen bonding to yield 
7 member ring 

IHB7 
COOHB -intramolecular hydrogen bonding 

including a carboxy functional group 

N02HB 
-intramolecular hydrogen bonding 
including a nitro functional group 

OHB 

-intramolecular hydrogen bonding 
including a hydroxy functional group 



CHAPTER 4 

RESULTS 

Table 4-1 lists the log of the mean solubility, the melting point, and the frequency 

of the data for each of the compounds used in the study. Table 4-2 lists both the 

actual and predicted aqueous activity coefficient and the residual values for the 

data set. The results of the SAS regression are summarized in Table 4-3. Table 4-4 

lists the group values and correction factor defined in this study along with the 

number of applicable compounds From the table it can be seen that the Root MSE 

is 0.411, the value is 0.917 and the F value is 294.027. As indicated in the 

experimental section, AQUAFAC group values determined in two previous 

studies were employed in predicting the activity coefficients in this study. Any 

unknown variables or q values in this data set are generated in the regression. No 

intercept was included in the regression since Myrdal in a previous study(Myrdal et 

al., 1993) concluded that an intercept did little to imporve the accuracy of the data. 

In total, for the 210 compounds examined in this data set, six group values along 

with one intramolecular hydrogen bonding correction term (COOHB) were 

derived. The statisitical significance of the parameters is judged based upon their 

corresponding T values; with estimates having T values over 4 being statistically 

significant. All the group value estimates with the exception of the YN02 are 

negative meaning the estimate decreases the activity coefficient and increases 

solubility. The YN02 has the value closest to zero with an estimate of 0.203 with 

a low T value at 2.055 
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The only intramolecular hydrogen bonding correction factor that is statisitcally 

significant is the COOHB parameter. This parameter accounts for any 

intramolecular hydrogen bonding of carboxy substitued compounds in the data set. 

In total 211 compounds fall into this category. The IHB4, IHB5, IHB6 and IHB7 

parameters (see experimental section) were originally included in the regression 

but each proved insignificant statistically either because of a low T value or too 

few compounds (less than 10) in the category. In addition, estimates for the 

N02HB and OHB parameters also yielded low T values. A number of carboxy 

susbtituted compounds did, though, appear to have large negative residuals (above 

1.5 logarithmic units) which led to the suspicion that perhaps intramolecular 

bonding was occuring with these compounds. The correction parameter COOHB 

is statistically significant with an absolute T value of 5.77. 

Three compounds in the data set were deleted as outliers since they all were more 

than three standard deviations in the regression. 



Table 4-1: Mean Log Solubility, Frequency(Freq) and Melting 
Points (MP) 

COMPOUND logS Freq MP 
3,4,5-Trichloroguaiacol -2.571 1 85.5 
4-Hydroxy-2-methylquinoline -1.202 1 235.0 
p-Nitroanisole -2.414 1 54.0 
Eugenol -1.824 1 -9.2 
2,3,5-Trichlorophenol -1.408 1 62.0 
Dicamba -1.641 115.0 
Tetrachloroguaiacol -4.009 1 121.5 
p-Iodophenol -0.936 1 93.0 
m-Butoxy Phenol -2.084 1 65.0 
Guaiacol -0.699 1 28.0 
3,4-Dinitrobenzoic Acid -1.501 1 166.0 
4-Hydroxypyridine 0.721 1 166.0 
Propyl-p-hydroxybenzoate -0.955 1 95.0 
2,3,5-Tribromobenzoic Acid -3.254 1 193.5 
p-Anisic Acid -2.886 1 185.0 
4,6-Dichloroguaiacol -2.440 1 63.5 
4,5-Dichloroguaiacol -2.531 1 69.5 
2-p-Methoxyphenyl-2-
p-hydroxyphenyl-1,1,1-
trichloroethane -5.661 1 113.0 

4,5,6-T richloroguaiacol -3.638 1 113.5 
m-Iodophenol -0.860 1 42.0 
3,4-Dichlorophenol -1.249 1 67.0 
2,4,6-Trimethylbenzoic Acid -2.357 1 154.0 
2,3,5-Trichlorobenzoic Acid -2.445 1 163.0 
Pentachlorophenol -4.224 190.0 
o-Iodophenol -0.924 1 43.0 
4-s-Butylphenol -2.194 1 58.0 
2-Naphthylamine -2.350 1 112.0 
2-Aminopyridine 0.725 1 59.5 
4-Hydroxyquinoline -1.369 1 201.0 
2,4-Dinitrobenzoic Acid -1.164 182.0 
p-Bromophenol -0.926 66.4 
3,5-Dichlorophenol -1.343 1 68.0 
2,3 -Dichlorophenol -1.298 1 59.0 
2,3,4,5 -T etrachlorophenol -3.145 1 116.0 



COMPOUND logS Freq MP 
m-Bromophenol -0.693 1 33.0 
2,4,5 -T rimethylaniline -1.955 1 68.0 
2,6-Diisopropyl-4-acetaminophenol -3.234 1 172.0 
p-Phenylenediamine -0.379 1 146.0 
Resorcinol 0.876 3 110.0 
2-Hydroxypyridine 0.721 1 106.0 
2,3,6-Trichlorobenzoic Acid -1.448 2 124.5 
2,4-Dinitro-sec-butylphenol -2.515 1 38.0 
4-t-Butylphenol -2.367 2 98.0 
1-Naphthylamine -1.925 1 50.0 

Aniline -0.424 4 -6.3 
Thymol -2.186 2 51.5 
o-Toluidine -0.824 3 -28.0 
3-Methyl 2-Butyl p-Aminobenzoate -3.292 1 111.0 
Hexyl p-Hydroxybenzoate -2.768 1 61.0 
Phenol -0.018 9 40.8 
m-Toluidine -0.853 1 -50.0 
2,2-bis (p-hydroxyohenyl)-

1,1,1 - Trichloroethane -2.298 1 194.0 
2,3,4-Trichlorophenol -2.334 1 80.0 
2-Aminoanthracene -5.172 1 239.5 
Vanillin -1.124 3 80.0 
Chloramben -2.469 2 201.0 
Equilenin -5.244 1 258.0 
m-Chlorophenol -0.688 3 33.0 
3,4-Dichlorobenzoic Acid -3.495 1 208.0 
3,5-Dichlorobenzoic Acid -3.114 1 186.0 

Bisphenol A -2.814 1 158.0 

Triclosan -4.462 1 55.2 
4-Chloro-3-nitrobenzoic Acid -2.770 1 181.0 
6-Chrysenamine -6.196 1 210.5 
Diethylstilbestrol -4.129 2 170.0 

Carvacrol -2.080 1 0.01 
p-Nitrobenzoic Acid -2.996 1 242.4 
4-Chloro-m-cresol -1.449 2 65.5 

p-Chlorophenol -0.821 5 43.2 
2,4-Dichlorophenol -1.496 2 45.0 
o-Bromophenol -0.900 1 5.6 

m-Nitrobenzoic Acid -1.804 1 142.0 
p-Chloroaniline -1.668 3 72.5 



COMPOUND logS Freq MP 
1-Naphthoic Acid -3.307 1 160.0 
2,3,5,6-T etrachlorophenol -3.365 1 115.0 
2,6-Dichlorobenzoic Acid -1.131 1 144.0 
5-Guaiacol -1.496 1 34.5 
p-Toluidine -1.209 2 44.5 
2,3,5-T richloro-4-hydroxypyridine -2.542 1 216.0 
2-Naphthol -2.300 6 121.0 
p-Nitrophenol -1.076 6 113.0 
p-Fluorophenol -0.368 1 48.0 
o-Phenylphenol -2.386 1 56.5 
o-Cresol -0.602 5 30.0 
2,4,5-T richlorophenol -2.483 1 69.0 
2,6-Dichlorophenol -1.792 1 66.5 
p-Toluic Acid -2.606 3 180.0 
3-Aminoacridine -3.824 1 214.0 
m-Nitrophenol -1.055 2 97.0 
Acrylamide 0.951 1 84.5 
2,4,6-T richlorophenol -2.424 3 59.0 
o-Aminophenol -0.716 1 172.0 
o-Chlorophenol -0.860 4 9.3 
Benzoic Acid -1.538 25 122.0 
m-Fluorophenol -0.261 1 14.0 
m-Bromobenzoic Acid -2.833 2 155.0 
2,5-Xylenol 1.538 1 75.0 
p-Aminobenzoic Acid -1.384 4 188.18 
p-Aminophenol -0.795 1 190.0 
m-Benzoic Acid -1.583 1 122.13 
p-Iodobenzoic Acid -4.038 1 272.0 
1-Naphthol -2.247 6 96.0 
m-Chlorobenzoic Acid -2.676 3 158.0 
Benzylparaben -3.518 1 167.0 
3,5-Xylenol -1.428 2 64.0 
Cinnamic Acid -2.472 1 133.0 
2,6-Xylenol -1.305 1 49.0 
p-Cresol -0.795 5 35.5 
2,3,6-Trichlorophenol -2.524 1 58.0 
o-Toluic Acid -2.184 1 107.0 
Hydroquinone -0.118 1 173.5 

m-Cresol -0.717 4 11.0 
o-Chloroaniline -1.530 1 -1.94 



COMPOUND logS Freq MP 
p-Bromobenzoic Acid -3.661 4 252.0 
4-Hydroxyacetophenone -1.138 1 110.0 
m-Toluic Acid -2.194 2 112.0 
2,4-Dinitrophenol -1.553 1 113.0 
2,4-Dichlorobenzoic Acid -2.602 1 164.2 
p-Chlorobenzoic Acid -3.379 4 243.0 
3-Hydroxybenzoic Acid -1.056 1 202.0 
m-Fluorobenzoic Acid -1.820 2 123.0 
p-Fluorobenzoic Acid -2.256 2 182.6 
m-Iodobenzoic Acid -3.562 1 187.0 
2,3-Dimethyl 2-Butyl 

p-Aminobenzoate -3.469 1 49.0 
Dichlorophen -3.953 2 177.5 
3,4-Dimethylbenzoic Acid -3.066 1 165.0 
o-Fluorophenol -0.474 1 16.1 
7 -Hydroxyquinoline -2.504 1 239.0 
2,4-Xylenol -1.267 5 26.0 
2,6-Dinitrobenzoic Acid -1.119 1 202.3 
4-n-Amyl Resorcinol -1.955 1 71.5 
2,6-Diethyl-4-acetaminophenol -2.531 1 146.0 
2-Hydroxyquinoline -2.141 1 199.5 
2,3,3-Trimethyl 2-Butyl 

p-Aminobenzoate -4.523 1 106.0 
Chloroxylenol -2.703 1 15.5 
4-Chloro-3,5 -xylenol -2.718 1 115.5 
2-Naphthoic Acid -3.995 3 184.0 
p-Ethylphenol -1.391 2 -18.0 
5-Methyl-4-nitrophenol -2.110 1 129.0 
Aminacrine -4.222 1 241.0 
m-Aminophenol -0.580 2 125.0 
2-Methyl-4-acetaminophenol -1.594 1 181.0 
p-tert-Pentylphenol -2.990 1 23.0 
6-Hydroxyquinoline -2.162 1 193.0 
p-Nitroaniline -2.504 5 146.0 
2,5-Dimethyl-4-acetaminophenol -2.013 1 181.0 
o-Nitrobenzoic Acid -1.547 2 147.5 
o-Bromobenzoic Acid -2.277 1 150.0 
5,6,7,8-T etrahydro-2-naphthol -1.995 1 59.0 
Methyl 4-Aminobenzoate -1.781 3 110.0 
o-Chlorobenzoic Acid -1.990 3 142.0 



COMPOUND log S Freq MP 
Benzamide -0.955 3 132.5 
Atropic Acid -2.057 1 106.0 
Butamben -2.934 10 58.0 
2,6-Dimethyl-4-acetaminophenol -1.911 1 164.0 
5 -Hydroxyquinoline -2.542 1 223.0 
3,6-Dichloropicolinic Acid -2.283 2 151.5 
Benzidine -2.938 5 117.0 
2-Aminoacridine -4.301 1 214.0 
o-Iodobenzoic Acid -2.757 1 162.0 
Hexyl p-Aminobenzoate -4.156 3 61.0 
p-Hydroxybenzoic Acid -1.323 15 214.5 
3 -Hydroxyquinoline -2.393 1 200.0 
Octyl p-Aminobenzoate -5.400 1 71.0 
m-Nitroaniline -2.353 2 114.0 
Pentyl p-Aminobenzoate -3.574 3 52.0 
m-Hydroxybenzoic Acid -1.431 5 202.0 
3,5,6-T richloropyridinol -2.904 1 184.0 
2,3-Dimethyl Butyl p-Aminobenzoate -3.469 1 60.5 
1 -Nitro-2-naphthol -2.976 1 104.0 
o-Fluorobenzoic Acid -1.372 123.0 
3 -Hydroxypyridine -0.470 1 127.5 
Ethyl p-Aminobenzoate -2.192 10 75.0 
Equilin -5.281 238.0 
4-Hydroxypyrimidine 0.415 1 167.5 
Dinoseb -3.523 40.0 
Propylparaben -2.455 10 96.5 
p-Hydroxybenzaldehyde -0.976 1 116.0 
2,6-Diaminopyridine -0.079 1 121.0 
2-Hydroxyacridine -4.699 1 280.0 
o-Nitroaniline -2.189 1 70.0 
4-Hydroxyacetanilide -1.075 169.0 
Ethylparaben -2.192 11 116.0 
Butylparaben -2.926 11 68.5 
Phenazine -3.658 1 175.5 
Methylparaben -1.809 15 131.0 
Chlorambenamide -2.081 1 162.5 
3,3 '-Dichlorobenzidine -4.910 1 132.5 
Naphthoresorcinol -1.881 1 124.5 
Aspirin -1.663 4 135.0 



COMPOUND logS Freq MP 
4-Aminobenzoic Acid 

beta-Ethoxy Ethyl Ester -2.259 1 81.0 
Chloramben Methyl Ester -3.263 1 63.5 
Ethyl Biscoumacetate -3.538 4 180.0 
4-Aminobenzoic Acid-

2-(Ethylamyl)ethyl Ester -3.854 1 -35.0 
2-Cyclohexyl-4,6-dinitrophenol -5.170 1 107.0 
Pyrogallol 0.587 2 131.0 
Estrone -5.529 2 192.0 
Picloram -2.684 6 218.5 
4-Hydroxy-6,7-diphenylpteridine -4.043 2 295.0 
4-Aminoacridine -4.155 1 108.0 
Lutidinic Acid -1.828 2 248.0 
o-Nitrophenol -2.016 2 44.0 
3.5-Dinitrocresol -3.000 1 86.0 
Phenyl Salicylate -3.155 1 42.0 
2,4-Dinitro-6-methylphenol -3.190 1 86.4 
4,6-Dinitro-o-cresol -3.200 1 86.5 
8-Hydroxyquinoline -2.417 1 73.0 
2,4-Dihydroxyquinoline -3.787 1 355.0 
p-Cresotic Acid -2.764 1 151.0 



Table 4-2: Aqueous Activity Coefficients - Actual, Predicted(predict) and 
Residuals 

COMPOUND •ogYw Residual 
(actual) (predict) 

1-Naphthoic Acid 1.97086 2.40994 -0.44179 

1-Naphthol 1.54429 1.74525 -0.18039 
1-Naphthylamine 1.67757 2.32096 -0.64310 
1 -Nitro-2-naphthol 2.19411 1.90551 0.30198 
2,2-bis (p-hydroxyohenyl)-

1,1,1- Trichloroethane 0.62535 1.21342 -0.54694 
2,3,3-Trimethyl 

2-Butyl p-Aminobenzoate 3.72131 3.72705 -0.00544 
2,3,4,5 -T etrachlorophenol 2.24434 3.00115 -0.73624 
2,3,4-T richlorophenol 1.78965 2.37202 -0.56180 
2,3,5,6-Tetrachlorophenol 2.56561 3.00115 -0.41498 
2,3,5-Tribromobenzoic Acid 1.58629 2.66242 -1.07481 
2,3,5-T richloro-4-hydroxypyridine 0.65160 1.04997 -0.37779 
2,3,5-Trichlorobenzoic Acid 1.07916 1.97256 -0.89209 
2,3,5-Trichlorophenol 1.04180 2.37202 -1.30965 
2,3,6-Trichlorobenzoic Acid 0.46321 1.12853 -0.65998 
2,3,6-Trichlorophenol 2.19739 2.37202 -0.15406 

2,3 -Dichlorophenol 0.96149 1.74288 -0.76082 
2,3-Dimethyl 2-Butyl 

p-Aminobenzoate 3.23146 3.30754 -0.07579 

2,3-Dimethyl Butyl 
p-Aminobenzoate 3.11764 2.83147 0.28647 

2,4,5-T richlorophenol 2.04752 2.37202 -0.30393 

2,4,5-T rimethylaniline 1.52941 2.24680 -0.71709 
2,4,6-Trichlorophenol 2.08749 2.37202 -0.26396 
2,4,6-Trimethylbenzoic Acid 1.21120 2.11566 -0.90718 
2,4-Dichlorobenzoic Acid 1.22429 1.34342 -0.11783 

2,4-Dichlorophenol 1.29805 1.74288 -0.42426 

2,4-Dihydroxyquinoline 0.52087 -1.09196 1.65397 

2,4-Dinitro-6-methylphenol 2.58230 1.20062 1.38787 
2,4-Dinitro-sec-butylphenol 2.38633 3.03545 -0.64293 

2,4-Dinitrobenzoic Acid -0.38989 0,40567 -0.80863 

2,4-Dinitrophenol 0.68203 0.80512 -0.11691 
2,4-Xylenol 1.25710 1.27559 0.00208 
2,5 -Dimethyl-4-acetaminophenol 0.46901 0.38031 0.08870 

2,5-Xylenol 1.04313 1.27559 -0.21189 
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COMPOUND l°g Yw 
(actual) (predict) 

Residual 

2,6-Diaminopyridine -0.77369 -1.20119 0.42809 
2,6-Dichlorobenzoic Acid 0.07402 0.49939 -0.42003 
2,6-Dichlorophenol 1.42339 1.74288 -0.29892 
2,6-Diethyl-4-acetaminophenol 1.33342 1.34854 -0.01512 
2,6-Diisopropyl-4-acetaminophenol 1.77909 2.47356 -0.69447 
2,6-Dimethyl-4-acetaminophenol 0.53527 0.38031 0.15495 
2,6-Dinitrobenzoic Acid -0.45581 -0.43837 -0.02650 
2,6-Xylenol 1.09183 1.27559 -0.16320 
2-Aminoacridine 2.43040 2.25955 0.17114 
2-Aminoanthracene 3.04902 3.58160 -0.53229 
2-Aminopyridine -1.06646 -0.26174 -0.80443 
2-Cyclohexyl-4,6-dinitrophenol 4.35842 3.53635 0.82825 
2-Hydroxyacridine 2.17517 1.68384 0.51190 
2-Hydroxypyridine -1.52269 -0.83744 -0.66467 
2-Hydroxyquinoline 0.41391 0.42320 0.01128 
2-Methyl-4-acetaminophenol 0.05001 -0.01518 0.06519 
2-Naphthoic Acid 2.42132 2.40994 0.00867 
2-Naphthol 1.34985 1.74525 -0.37482 
2-Naphthylamine 1.48893 2.32096 -0.83173 
2-p-Methoxyphenyl-

2-p-hydroxyphenyl-
1-1,1 -trichloroethane 4.79003 5.75046 -0.93985 

3,3 '-Dichlorobenzidine 3.95517 3.30637 0.64939 
3,4,5 -T richloroguaiacol 1.97221 3.71030 -1.71752 
3,4-Dichlorobenzoic Acid 1.68378 2.18746 -0.50639 
3,4-Dichlorophenol 0.83331 1.74288 -0.88900 
3,4-Dimethylbenzoic Acid 1.68037 1.72017 -0.04251 
3,4-Dinitrobenzoic Acid 0.10547 1.24970 -1.16133 
3,5,6-Trichloropyridinol 1.33032 1.04997 0.30092 
3,5-Dichlorobenzoic Acid 1.68397 2.18746 -0.50620 
3,5-Dichlorophenol 0.96107 1.74288 -0.76124 
3,5-Xylenol 1.08160 1.27559 -0.17343 
3,6-Dichloropicolinic Acid 1.03098 0.86541 0.16286 
3-Aminoacridine 1.95340 2.25955 -0.30586 
3-Ethyl 2-Butyl p-Aminobenzoate 2.95928 2.85689 0.09998 
3-Hydroxybenzoic Acid -0.69583 -0.58598 -0.09200 
3 -Hydroxypyridine -0.54448 -0.83744 0.31354 
3 -Hydroxyquinoline 0.66096 0.42320 0.25833 
3-Methyl 2-Butyl p-Aminobenzoate 2.44083 3.06920 -0.62808 



COMPOUND 'og Yw 
(actual) (predict) 

Residual 

4,5,6-T richloroguaiacol 2.76208 3.71030 -0.92765 
4,5-Dichloroguaiacol 2.09057 3.08117 -0.97003 
4,6-Dichloroguaiacol 2.05895 3.08117 -1.00164 
4,6-Dinitro-o-cresol 2.59131 1.20062 1.39688 
4-Aminoacridine 3.33352 2.25955 1.07426 
4-Aminobenzoic Acid 2-

(Ethylamyl)ethyl Ester 3.85400 3.04384 0.81046 
4-Aminobenzoic Acid 

beta-Ethoxy Ethyl Ester 1.70475 0.96750 0.73754 
4-Chloro-3,5 -xylenol 1.91416 1.90473 0.03000 
4-Chloro-3-nitrobenzoic Acid 1.22601 1.71858 -0.50247 
4-Chloro-m-cresol 1.04816 1.50924 -0.44051 
4-Hydroxy-2-methylquinoline -0.87645 0.81869 -1.67457 
4-Hydroxy-6,7-diphenylpteridine 1.37071 0.31151 1.07978 
4-Hydroxyacetanilide -0.35022 -0.87915 0.52893 
4-Hydroxyacetophenone 0.29672 0.43292 -0.11562 
4-Hydroxypyridine -1.97338 -0.83744 -1.11537 
4-Hydroxypyrimidine -1.82537 -2.15949 0.35469 
4-Hydroxyquinoline -0.37294 0.42320 -0.77556 
4-n-Amyl Resorcinol 1.49477 1.51097 0.02494 
4-s-Butylphenol 1.86739 2.71493 -0.82698 
4-t-Butylphenol 1.71860 2.36670 -0.62753 
5,6,7,8-T etrahydro-2-naphthol 1.65849 1.55129 0.12777 
5-Guaiacol 1.40198 1.82289 -0.40035 
5-Hydroxyquinoline 0.58232 0.42320 0.17970 
5 -Methyl-4-nitrophenol 1.08067 1.04036 0.05369 
6-Chrysenamine 4.36004 4.84224 -0.48191 
6-Hydroxyquinoline 0.49924 0.42320 0.09662 
7-Hydroxyquinoline 0.38596 0.42320 -0.01666 
8-Hydroxyquinoline 1.94193 0.42320 1.53930 
Acrylamide -1.53989 -1.25235 -0.28758 
Aminacrine 2.30345 2.25955 0.04420 
Aniline 0.42400 1.06031 -0.63602 
Aspirin 0.57429 -0.14081 0.71641 
Atropic Acid 1.25531 1.11896 0.13364 
Benzamide -0.10897 -0.24022 0.13122 
Benzidine 2.21424 2.04809 0.16673 
Benzoic Acid 0.67643 0.92918 -0.25547 
Benzylparaben 2.11257 2.30970 -0.17655 



COMPOUND logYw 

(actual) (predict) 
Residual 

Bisphenol A 1.76770 2.26884 -0.46001 
Butamben 2.64089 2.48986 0.15132 
Butylparaben 2.49546 1.91416 0.60188 
Carvacrol 2.08000 2.55646 -0.45588 
Chloramben 0.72706 1.24801 -0.52336 
Chloramben Methyl Ester 2.88195 2.08622 0.79602 
Chlorambenamide 0.72011 0.07860 0.64177 
Chloroxylenol 1.89916 1.90473 0.01500 
Cinnamic Acid 1.40309 1.59577 -0.19540 
Dicamba 0.75024 2.05779 -1.30222 
Dichlorophen 2.59847 2.67309 -0.03348 
Diethylstilbestrol 2.84109 3.32248 -0.44025 
Dinitrocresol 2.39626 1.20062 1.20182 
Dinoseb 3.37454 3.03545 0.34527 
Equilenin 2.93791 3.44881 -0.49033 
Equilin 3.17286 2.85533 0.33810 
Estrone 3.87614 2.85291 1.04380 
Ethyl Biscoumacetate 2.16127 1.35696 0.84545 
Ethyl p-Aminobenzoate 1.69713 1.38192 0.31551 
Ethylparaben 1.38372 0.80621 0.59808 
Eugenol 1.82400 3.28615 -1.44158 
Guaiacol 0.66931 1.82289 -1.13301 
Hexyl p-Aminobenzoate 3.79970 3.59781 0.20218 
Hexyl p-Hydroxybenzoate 2.41170 3.02210 -0.58983 
Hydroquinone -1.20100 -1.03055 -0.12931 
Lutidinic Acid -0.37911 -1.46345 1.07891 
Methyl 4-Aminobenzoate 0.93972 0.82795 0.11207 
Methylparaben 0.86749 0.25224 0.63582 
Naphthoresorcinol 0.89621 0.23009 0.70726 
Octyl p-Aminobenzoate 4.94472 4.70575 0.23926 
Pentachlorophenol 2.75844 3.63029 -0.85128 
Pentyl p-Aminobenzoate 3.30677 3.04384 0.26323 
Phenazine 2.47402 1.87695 0.59708 
Phenol -0.12278 0.48461 -0.58682 
Phenyl Salicylate 2.98674 1.75573 1.25159 
Picloram 0.76886 -0.28894 1.05940 
Propyl-p-hydroxybenzoate 0.26218 1.36018 -1.07743 
Propylparaben 1.74734 1.36018 0.40773 
Pyrogallol -1.52851 -2.54571 1.07891 



COMPOUND log yw Residual 
(actual) (predict) 

Resorcinol -1.71728 -1.03055 -0.64558 
T etrachloroguaiacol 3.05390 4.33944 -1.26496 
Thymol 1.92372 2.55646 -0.61216 
Triclosan 4.16310 4.81734 -0.47793 
Vanillin 0.57965 1.10347 -0.50326 
m-Aminophenol -0.40974 -0.45485 0.06597 
m-Benzoic Acid 0.72028 0.92918 -0.21162 
m-Bromobenzoic Acid 1.54634 1.78827 -0.24464 
m-Bromophenol 0.61382 1.34370 -0.70930 
m-Butoxy Phenol 1.68811 3.08836 -1.22394 
m-Chlorobenzoic Acid 1.35965 1.55832 -0.20138 
m-Chlorophenol 0.60882 1.11374 -0.48435 
m-Cresol 0.71700 0.88010 -0.14253 
m-Fluorobenzoic Acid 0.85006 0.95629 -0.10895 
m-Fluorophenol 0.26100 0.51172 -0.23014 
m-Hydroxybenzoic Acid -0.32083 -0.58598 0.28300 
m-Iodobenzoic Acid 1.95863 2.04631 -0.09040 
m-Iodophenol 0.69174 1.60174 -0.88942 
m-Nitroaniline 1.47213 1.22057 0.24466 
m-Nitrobenzoic Acid 0.64601 1.08944 -0.45334 
m-Nitrophenol 0.34239 0.64487 -0.28910 
m-Toluic Acid 1.42125 1.54479 -0.12625 
m-Toluidine 0.85300 1.45581 -0.60251 
o-Aminophenol -0.73891 -0.45485 -0.26320 
o-Bromobenzoic Acid 1.03983 0.94424 0.09690 
o-Bromophenol 0.90000 1.34370 -0.42312 
o-Chloroaniline 1.53000 1.68945 -0.15916 
o-Chlorobenzoic Acid 0.83201 0.71429 0.11903 
o-Chlorophenol 0.86000 1.11374 -0.23317 
o-Cresol 0.55251 0.88010 -0.30702 
o-Fluorobenzoic Acid 0.40206 0.11226 0.29111 
o-Fluorophenol 0.47400 0.51172 -0.01714 
o-Iodobenzoic Acid 1.40106 1.20228 0.20009 
o-Iodonhenol 0.74585 1.60174 -0.83532 
o-Nitroaniline 1.74362 1.22057 0.51615 
o-Nitrobenzoic Acid 0.33457 0.24541 0.08328 
o-Nitrophenol 1.82795 0.64487 1.19646 
o-Phenylphenol 2.07423 2.41184 -0.31703 
o-Toluic Acid 1.37242 1.54479 -0.17509 



COMPOUND l°g Yw 
(actual) (predict) 

Residual 

o-Toluidine 0.82400 1.45581 -0.63151 
p-Aminobenzoic Acid -0.23105 -0.01027 -0.22320 
p-Aminophenol -0.67056 -0.45485 -0.19485 
p-Anisic Acid 1.46485 2.48758 -1.02544 
p-Bromobenzoic Acid 1.64475 1.78827 -0.14623 
p-Bromophenol 0.55828 1.34370 -0.76485 
p-Chloroaniline 1.24610 1.68945 -0.44306 
p-Chlorobenzoic Acid 1.44269 1.55832 -0.11834 
p-Chlorophenol 0.65934 1.11374 -0.43383 
p-Cresol 0.70174 0.88010 -0.15779 
p-Cresotic Acid 1.51693 -0.19048 1.72527 
p-Ethylphenol 1.39100 1.36421 0.04736 
p-Fluorobenzoic Acid 0.85617 0.95629 -0.10283 
p-Fluorophenol 0.16371 0.51172 -0.32743 
p-Hydroxybenzaldehyde 0.16772 -0.23481 0.42311 
p-Hydroxybenzoic Acid -0.36017 -0.58598 0.24366 
p-Iodobenzoic Acid 1.84411 2.04631 -0.20492 
p-Iodophenol 0.33201 1.60174 -1.24915 
p-Nitroaniline 1.30642 1.22057 0.07895 
p-Nitroanisole 2.12698 3.71842 -1.59864 
p-Nitrobenzoic Acid 0.84431 1.30955 -0.47515 
p-Nitrophenol 0.29437 0.64487 -0.33712 
p-Phenylenediamine -0.57290 0.12086 -0.69318 
p-Toluic Acid 1.22927 1.54479 -0.31824 
p-Toluidine 1.03580 1.45581 -0.41972 
p-tert-Pentylphenol 2.99000 2.92068 0.08990 
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Table 4-3: SAS Regression Results 

Root Mean Square N F-Value R-square 

0.411 211 294.027 0.917 

Parameter q Value Std. Error T value prob.> IT | 

YCOOH -1.031 0.078 -13.170 0.0001 

YOH -1.719 0.054 -31.439 0.0001 

YNH2 -1.123 0.074 -15.029 0.0001 

YN02 0.203 0.099 2.055 0.0412 

YCONH2 -2.203 0.437 -5.042 0.0001 

YNHCO -1.738 0.206 -8.406 0.0001 

COOHB -0.848 0.141 -5.996 0.0001 

Table 4-4: Compound Occurences in Data Set 

Compound with group Number of Occurences 

YOH 121 

YCOOH 51 

YN02 19 

YNH2 44 

COOHB 15 
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CHAPTER 5 

DISCUSSION 

The results of this study allow for a number of conclusions to be drawn. Overall, 

91% of the predicted aqueous activity coefficients fell within one log unit of the 

observed values. An examination of Table 4-3 shows that all the investigated 

groups and parameters have a T value greater than four with the exception of the 

Y-N02. A T value greater than four indicates statistical significance. The estimate 

for the Y-N02 is also significant even though its T value is smaller than four. This 

lower T value is justified since it corresponds to the low Y-N02 group value 

which is close to zero. With these newly derived group estimates along with the 

group values already determined,the aqueous activity coefficients can be estimated 

for a number of hydrogen bonding aromatics. Using these activity coefficients the 

aqueous solubility then can be calculated. The group values which are negative 

will decrease the predicted aqueous activity coeffcients and increase solubility, 

while the positive estimates will have the opposite effect. 

As mentioned previously, 3 compounds out of 213 were removed as outliers. The 

three were Methyl Salicylate, Phloroglucinol and 2,4-Diamino-6,7-

diethylpteridine.Each was more than three standard deviations in the regression. 

The COOHB parameter is the only intramolecular hydrogen bonding parameter of 

those investigated that was determined to be statistically significant. The original 

belief when this research began was that the aqueous activity coefficients and 

solubility for hydrogen bonding aromatics may be affected by the hydrogen 
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bonding groups found on them. This belief was based upon the idea that such 

groups may undergo intramolecular hydrogen bonding with other groups ortho in 

position to them. Such bonding could then lead to affect water solubility as 

hydrogen bonding groups normally able to bond to water molecules surrounding 

them were now tied up in intramolecular bonds and therefore; no longer available 

to the water molecules. In the analysis of the data, correction factors were 

generated for hydroxy, carboxy and nitro intramolecular hydrogen bonding among 

the test set of compounds. In each case , the correction factors were not 

statistically significant except for the intramolecular hydrogen bonding term 

accounting for bonding with carboxy groups which yielded an estimate of -0.848 

and an absolute T value above 4 at 5.996. 

A possible explanation why carboxy group intramolecular hydrogen bonding 

appears, in this study, to affect aqueous activity coefficients and not hydroxy or 

nitro group intramolecular hydrogen bonding may be related to size. When 

comparing the carboxy, hydroxy and nitro groups, the carboxy group has a longer 

length extending further off the aromatic ring than either of the other two groups; 

more specifically, the COH portion of the carboxy group is longer than either the 

OH or NO portion of the nitro group. This difference in length could possibly 

make intramolecular hydrogen bonding more likely with the longer carboxy group 

than with the shorter hydroxy or nitro groups. Another possible explanation for the 

difference in results specifically between the carboxy group and hydroxy group 

intramolecular hydrogen bonding is symmetry. The carboxy group is planar 
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whereas the hydroxy group is nonplanar and tends to rotate making hydrogen 

bonding with a group ortho in position less probable. 
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CHAPTER 6 

CONCLUSION 

The goal of this thesis was to study how to predict aqueous solubilities for a set of 

hydrogen bonding aromatics by applying the AQUAFAC method for estimating 

aqueous activity coefficients and then relating these coefficients to solubility. In 

addition, any possible effects of intramolecular hydrogen bonding on activity 

coefficients and, in turn, solubility was to be investigated. Both of these goals were 

achieved. 

A number of new AQUAFAC group values were derived, expanding the 

applicability of the AQUAFAC method to include a number of hydrogen bonding 

aromatic compounds. The predicted aqueous activity coefficients were in good 

agreement with the actual coefficient values. 

The investigation of any effects due to intramolecular hydrogen bonding showed 

that, for this data set, only intramolecular hydrogen bonding involving a carboxy 

group was significant. This bonding decreases the aqueous activity coefficient and 

increases the aqueous solubility. 
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