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ABSTRACT

Linear Free Energy Relationships (LFERs) were used to determine solvation
descriptors for agrochemicals and predict physico-chemical and biological properties
important in determining their biological efficacy and environmental fate.

In the course of this work, an overview on important agrochemical properties
was given, followed by a description of the LFER approach. The various descriptor
estimation methods were illustrated and compared using a carefully selected
representative dataset based on the Pesticide Manual 12® ed. The experimental
determination of LFER descriptors showed the importance in the selection of reliable
literature data and allowed the introduction of a new water-solvent partition coefficient
measurement approach, the microshakeflask method.

The results of this agrochemical study was then used to estimate a large number
of physico-chemical properties including the Chromatography Hydrophobicity Index
(CHID), aqueous solubility (log Sw), water-solvent partition coefficients (log Ps), air-
solvent partition coefficients (log Ls) and other properties important in the study of
agrochemistry. In addition, a comparative study was included of the chemistry of
agrochemicals and pharmaceuticals as well as an LFER profile for compounds of
environmental interest.

New LFERs were established for the prediction of soil sorption (log Koc),
vapour pressure (log VP) and melting point (log MPt), illustrating:
o the importance of the choice of the compounds in the training set (1og VP)
e the importance of defining the property under study carefully (log MPt)

o the introduction of new descriptors (number of rotatable bonds for log MPt and
aqueous solubility)

- Studies showed that, when reliable descriptors are available, the coefficients of

the LFERSs obtained using an agrochemical dataset are in agreement with those already
established using a different training set.

As a conclusion, this work showed that:
e LFER can be applied to a wide range of chemical classes
e LFER can be reliable in predicting a wide range of physico-chemical properties
e LFER can be easily applied, with the introduction of new user-friendly software
such as Descfit and Absolv
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CHAPTERI:
THE ENVIRONMENTAL FATE OF PESTICIDES

Pesticides stand out as one of the major developments of the twentieth century. Currently,

there are approximately 1500 commercial products cited in the Pesticide Manual 12% ed. '[1]’

illustrating the diverse types of chemistry used as pesticides and their wide range of
applications. During the past twenty years, however, concern has arisen as to the extent

their presence in the environment poses a threat to wildlife and mankind.

Certainly, pesticides have improved longevity and the quality of life, mainly in the area of
public health. Insect control programs have saved millions of lives by fighting diseases

such as malaria, yellow fever and typhus. It has been assessed that 30% of potential crop

harvest is destroyed by *: |

- 10,000 species of insects

- 8,000 species of fungi

- 2,000 species of weeds

- 100,000 other parasites diseases

The use of pesticides clearly constitutes an important aspect of modern agriculture, for
without chemicals to control various pests such as insects, weeds, plant diseases, worms
and rodents, our food supply would decrease dramatically.

Unfortunately, like many organic compounds, pesticides can be poisons when used at
inappropriate doses and can be particularly dangerous when misused. Misapplication,
careless disposal of unused pesticides and pesticide containers, pesticide losses from areas
of application and contamination of non-target sites such as surface and ground water
represent a monetary loss to the farmer as well as a threat to the environment. Thus, careful
management of pesticides in order to avoid environmental contamination is desired by both
farmers and the public.

Analysis of the physical properties data in the Pesticide Manual 12 ed. shows that the
majority of modern pesticides are neutral organic molecules. Because most of them are not
naturally found in soil-plant systems, it is important that the behaviour should be
understood and their effects on the environment determined. Although in the early days of

17



pesticide use controls were lax, agrochemical companies must now produce a rigorous
package of dé.ta on the properties and environmental implications of the use of a compound
to satisfy legal requirements before a licence is granted for its use . As a result, more is
known about the behaviour of pesticides in the environment than any other group of

synthetic chemicals used by man.
I-1 Pesticides classification

Pesticides can be divided according to their target organisms:
- insecticides

- fungicides

- herbicides

- rodenticides

- animal health products

- public health products

Pesticides can also be classified according to their toxicity and impact on the environment.
They are divided into ‘general use products’, or pesticides with lower toxicity ratings and
low potential of causing adverse effects to the environment, and ‘Restricted use products’
(RUPs) that are pesticides having a potential of causing adverse effects to the environment

even when used according to the label.

- Another classification given by Mackay @ is:

1- Pesticides of environmental concern because of their presence in detectable quantities
in various components of the environment, their toxicity, their tendency to
bioaccumulate, or their persistence. A view is emerging that some of these pesticides
are of such extreme environmental concern that all production and use should cease.

2- Pesticides that are of concern because they are used or discharged in large quantities, or
they are somewhat toxic or persistent. They are, however, of sufficient value to society
that their continued use is justified, but only under the conditions in which we fully

understand their sources, fate and effects.

18



3- Other groups of increasingly benign chemicals can presumably be treated with less

rigour.

1-2 Key questions

Development and testing a new pesticide involves, first of all, a good understanding of the
compound itself and its behaviour in the environment. A rigorous knowledge of the
compound’s properties is required as well as:

its toxicity

- its persistence

- its rate of application: the latter can vary greatly according to the potency of the
compound.

- its metabolites and degradation products, along with their toxicity, persistence,
~degradation and the effects they will have on the interacting organisms

- its selectivity and its influence on non-target organisms

- its distribution into the solid, liquid or gaseous phase of the environmental
compartments.

- the proportion of the chemical that is free to leach into groundwater and other

watercourses

1-3 Pathways of pesticide loss

The two main ways properly applied pesticides may reach surface and groundwater, are
through runoff and leaching. Two other pathways of pesticide loss are through removal in
the harvested plant and by vaporisation (volatilisation) into the atmosphere. Occurrence of
pesticide residues in edible parts of plants is significant in terms of human exposure, while
pesticides released into the atmosphere have an impact on air quality.

Runoff is the physical transport of pesticides over the ground surface by rainwater that does
not penetrate the soil. Leaching is the process whereby pesticides can be flushed through

the soil by rain or irrigation water as it moves downward. The leaching potential of a

19



pesticide depends on its persistence, measured by its half-life, and the strength of binding to

the soil, measured by its partition coefficient.

Figure 1: Pathways of pesticide loss
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The transport of compounds between soil, sediments, biosphere or air is linked to water and

the amount transported from one phase to another will therefore depend on:

- the environmental conditions e.g. temperature, flows and accumulations of air, water
and solid matter and the composition ofthese media.

- the properties ofthe chemicals which influence partitioning and reaction tendencies, i.e.
whether the chemical evaporates or associates with sediments, and how the chemical is
eventually destroyed by conversion to other chemical species.

- the patterns of use: their rate and routes of application and the additives mixed with the

active ingredient.

14 Key physico-chemical properties

The fate of a pesticide applied to soil depends largely on two of its properties: persistence
and solubility

The persistence of a pesticide defines its Tasting power’. Most pesticides break down or
degrade over time as a result of several chemical and microbiological reactions in soils.
Generally, chemical pathways result only in partial deactivation of pesticides, whereas soil
micro-organisms can completely break down many pesticides to carbon dioxide, water and
other inorganic constituents. Because populations of microbes decrease rapidly below the
root zone, pesticides leached beyond this depth are less likely to be degraded. However,
some pesticides will continue to degrade by chemical reactions after they have left the root
zone

Degradation time is measured as a half-life. Each half-time unit measures the amount of
time it takes for 50% of the original amount of a pesticide in soil to be ‘deactivated’. Half-
time is sometimes defined as the time required for half the amount of applied pesticide to
be completely degraded and released as carbon dioxide. Usually, the half-life measured by

the latter basis is longer than that based on deactivation only.
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Figure 2: Pesticide degradation

HYDROLYSIS AND

METABOLISM IN INSECT
HYDROLYSIS AND

METABOLISM IN PLANT

PHOTODEGRADATION

# S*

DEGRADATION
IN SOIL

Probably the single most important property influencing a pesticide’s movement with water
is its solubility. Soil is a complex mixture of solids, liquids and gases that provides the life
support system for roots of growing plants and micro-organisms such as bacteria. When a
pesticide is applied to soil, some of it will stick to the soil particles, particularly organic
matter, through a process called adsorption and some will dissolve and mix with the water
between soil particles, referred to as 'soil-water’. As more water enters the soil through rain
or irrigation, the adsorbed pesticide molecules may be detached from soil particles through
a process called ‘desorption’. The solubility of a pesticide and its sorption on soil are
inversely related i.e. increased solubility results in less sorption.

Some authors however argue that water solubility is rarely an important factor
influencing deep leaching of pesticides. The concentration of pesticides in soil water, under
conditions when leaching occurs, rarely approaches the water solubility of the pesticide.
Polar pesticides (such as aldoxycarb) are only weakly adsorbed but have high water
solubilities which will only be exceeded with unrealistically high application rates. In

contrast, lipophilic chemicals (such as trifluralin and permethrin) are strongly adsorbed so
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that only a small proportion will partition into soil water and their aqueous solubility
although low is usually more than is required to dissolve unadsorbed chemical. In any case,
lipophilic chemicals have little potential for leaching .

One of the most useful indices for quantifying pesticide adsorption on soils is the soil-water
partition coefficient. The partition coefficient value is defined as the ratio of pesticide
concentration in the adsorbed state (i.e. bound to soil particles) and the solution phase (i.e.
dissolved in the soil-water). Thus, for a given amount of pesticide applied, the smaller the
partition coefficient, the greater the concentration of pesticide in solution. Pesticides with
small partition coefficient are more likely to be leached, compared to those with large
partition coefficient.

Vapor pressure (pressure of a vapour in equilibrium with its condensed phase at a specified
temperature, in Pascals), Henry’s law constant (tendency of a material to volatilise from an
aqueous solution to air), melting point (in °C), and solubility (in mg.I'") of the compound
will also be of great importance in the sorption mechanism. Other relevant properties are
molecular lﬁass and molar volume.

Adsorption is also strongly affected by ionisation of the pesticide. Mono-cations are
strongly adsorbed and di-cations are even more strongly bound because of the electrostatic
interactions with negative charges at soil surfaces. Weak bases whose pKa values are close
to soil pH are adsorbed more strongly as pH decreases and the proportion of base in the
cationic form increases. In most agricultural soils the balance of charge at soil surfaces is
negative, so anions are weakly adsorbed because they are repelled by these charges and
because they are 3 to 4 log Poct units more polar than an equivalent non-ionised molecule.

Adsorption of weak acids can become extremely weak as pH increases [,

As a summary the important physico-chemical properties of agrochemicals, in terms of
determining their environmental fate, can be divided into two categories !);
e Mobility related

o Solvent-water partitions

o Acid/base dissociation

o Aqueous/organic solubilities

o Volatility
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e Stability related
o Hydrolysis
o Photostability
o Oxidative stability
o Thiol reactivity
In this particular work, only the first set of properties (mobility related) were considered for

prediction using the Linear Free Energy Relationships approach.
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CHAPTER II:
LINEAR FREE ENERGY RELATIONSHIPS

II-1 Introduction to Quantitative Structure-Activity Relationships

When a chemical enters the environment, it may remain localized, or be dispersed widely.
It may degrade rapidly, or persist for a long time. It ma3; be adsorbed strongly on soil, or go
readily into aqueous solution. It may or may not be taken up readily by organisms. All
these factors will affect the overall risk that the chemical presents. It is therefore important
to be able to predict those properties of a chemical that control the above factors.

QSAR techniques have become indispensable in all aspects of research into the molecular
interpretation of biological, physical and chemical properties. It would be, nowadays,
inconceivable for any commercial, governmental, or academic group to research in these
fields without the help of sophisticated calculations, as documented in numerous books and
reviews (', With the increasing expense of synthesis, and the increasing emphasis on the
creation of more efficient and less costly solutions, the QSAR method is increasingly
aftractive. Any and every property of a molecule is encoded in its chemical structure, and
QSAR frequently offers the best hope to decode it, to understand how structure influences
properties and to enable the prediction of optimum structures.

Quantitative structure-activity relationship (QSAR) methods form relationships between
chemical structure and biological, physical or chemical activity. Two fundamental
assumptions characterise the use of QSARs:

e A quantitative measure of those physico-chemical and structural properties significant
to activity can be derived ’

e A mathematical relationship can developed between activity and properties calculated

from physico-chemical properties

QSARs have been used to correlate molecular structural features of compounds with their

known biological properties. Attempts to establish relationships between chemical structure |
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and biological effects may be traced back as far as the work of Crum-Brown and Fraser'®) m
the mid 1860°s.

1868 Crum-Brown and Fraser noted that the Curare-like paralysing properties of a
series of quaternised strychnines depended on the quaternising group, and proposed that
physiological activity was some function of the constitution of the molecules.

1869 Richardson!” showed that toxicities of simple ethers and alcohols were inversely
related to their water solubility.

1893 Richet!® noted that the narcotic effect of alcohols varied proportionally to their
molecular weight.

1899 Hans Horst Meyer and Charles Emest Overton®!") may have been the first ones to
use a quantitative approach showing that the product between narcotic concentration and
oil/water or solvent/gas concentration ratio was remarkably constant. They independently
concluded that the narcotic action (on tadpoles) of many compounds depended solely upon
the oil-water partition coefficient. This indicated that narcosis was being induced by the
partitioning of the compound into the lipid constituent of cells and the effect the
compounds had upon the physical state of those lipids, thereby showing that lipophilicity
was important in controlling biological effect.

1939 Albert!™ showed that, for a series of acridines, their antiseptic action depended
upon the proportion of cationic form in solution and, once allowance had been made for the
differing pKas of the series, all compounds studied showed similar activities.

1930’s Louis P. Hammett!>'*) demonstrated that the electronic effect of a substituent, o,
on an aromatic system was a function of the substituent, and the sensitivity of the particular
organic reaction, p, to the electronic effect.

1950°s Taft!'>'"! was able to parameterise substituent effects of aliphatic systems by
studying the effect of substituents upon the acid- and base-catalysed hydrolysis of esters.
Because the acid-catalysed hydrolysis of esters is virtually independent of the electronic
effect and depends only on its steric influence, Taft was able to extract a similar substituent
constant, *, and also the steric effect of the substituent, Es.

1960’s Corwin Hansch!'*'"! developed a multi-parameter approach by using Hammett and

Taft’s o and Eg to describe the electronic and steric effects and created a new substituent
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constant n, for the lipophilicity expressed as the difference in octanol-water partition
coefficient between a substituted compound and a parent compound.

Hansch applied the statistical procédure of multiple linear regression (MLR) to identify the
relationship between biological activity and lipophilic, electronic and steric properties of
the molecule, through the Hansch equation where RBA is the relative biological activity of
‘a series of compounds in a given system. Many datasets were identified where biological
activity could not be described by MLR using physical prope}ties and a new term > was
included. |

log (RBA)=c—a. 7’ +b. nn+ po +dEs -1)

Before starting any kind of work involving QSAR, a clear understanding is necessary of
what establishing a good QSAR involves and what mistakes should be avoided:

A good QSAR implies:

° Well defined and measurable property

e A consistent dataset

o A representative training set

. A separate and consistent test set

e  Appropriate statistical process and parameters

e  Understanding of the mechanism that links the descriptor and. the property

Misuse of QSAR includes:

° Extrapolation beyond the original domain

e  Applied precision over that of the original measurement

e  Multiple uses of the same QSAR or use of the same descriptor

e  Confusion of property ‘

e  Encompassing a full biological, physical, chemical process without regard for each

separate step
From these criteria, the Hansch equation presents two main disadvantages:

1-  The dataset is restricted to a set of related compounds

2-  The parameters are difficult to interpret in terms of chemical meaning
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11-2 Linear Free Energy relationships

Linear Free Energy Relationships or LFERs are equations derived from eXperimental
results that attempt to relate a particular thermodynamic property of solute species in
defined systems to descriptors. As QSARs, LFERs quantify the effects of changes in
chemical structures on biological and physicochemical activity, respectively. LFERs are
based on the free energy changes in different reaction series. The standard Gibbs free
energy of a reaction (AG®) is related to a change in enthalpy (AH®) and entropy (AS®) for

the system at a given temperature and pressure:

AGe = AHP - TAS® ’ - (@-2)

If we consider the following equilibrium:

AoB

K¢, the thermodynamic equilibrium constant is defined as:

K =[Bleg/[Aly @-3)
=ke/ ko

[Aleq concentration of A at equilibrium
[Bleg concentration of B at equilibrium
ke forward rate constant
ky backward rate constant

And can be expressed in terms of a Gibbs function of activation:
AG°=-RT InKeq = InKeq= -AG*/ RT (11-4)
where R gas constant (J.K 'mol™)

T temperature (K)
Correlation analysis shows that there is often a straight line relationship between In Keq
(equilibrium constant) and In k (rate of reaction).
The Hammett equation !*!%] is the best-known example of a LFER equation and has

formed a sound basis for many other studies to be carried out involving LFERs.
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IL.3 The cavity theory of solvation

Transport-related processes in pharmaceutical and environmental chemistry involve either
equilibrium transfer or the rate of transfer of a compound from one phase to another phase.
The equilibrium transfer is controlled by the standard Gibbs energy of the compound in the
two phases, which in turn is related to the Gibbs €nergy of solvation, AG°s and AG®w, in a

solvent and water 2%,

Figure 1: Transport-related properties

Gas Phase

! '

LogLw Log Lg

! !

Water > LogP »  Solvent

AG°s =-RTlnLg I-5)
AG°w =-RTInL,, : (I1-6)
where L Ostwald solubility coefficient

AG% =-RTInP | 11-7)
where AG® Standard Gibbs energy of transfer from water to solvent

AG®% =AG% - AG°w : (T-8)
Therefore

LogP =logLs—logLw 11-9)

It is therefore to be expected that similar solute properties will be of importance in the

solvation of the solute, not in one particular solvent phase, but in solvent phases in general,
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and therefore that similar solute properties will be important in the transfer ofa solute from
one phase to the other.

The Abraham solvation equation is based on a simple solvation model used by Kamlet, Taft
and Abraham The model, or cavity theory of solvation, describes the partition of a

solute between gas phase and a solvent that consists ofthree steps:

Figure 2: The cavity theory of solvation

STEP 1 STEP 2 STEP 3

SOLUTE SOLUTE-SOLVENT
COMPLEX

(soLuref"

1- A cavity of suitable size to accommodate the solute is created in the solvent. This first
step involves the endoergic breaking of the solvent-solvent interactions. The magnitude of
the endoergic effect depends on the forces holding the solvent molecules together and the
size ofthe solute.

2- The solvent molecules are reorganised into their equilibrium position around the cavity.
The Gibbs free energy of reorganisation is negligible; however, enthalpy and entropy
changes in reorganisation may be large.

3- The solute is inserted into the cavity and various solute-solvent interactions are set up.
With the introduction of a solute molecule into the solvent cavity, a number of solvent-

solute interactions will occur. These interactions are exoergic and aid the processes of

solution. Both the cavity term and the solute-solvent interaction term will depend on the
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properties of the solute and the solvent under consideration. Hence to describe these effects
for the general case a number of solutes in a number of solvents, it is necessary to construct
an equation that includes the relevant properties of both the solutes and the solvents. When
applied to solvation processes, LFERs are referred to as Linear Solvation Energy
- Relationships (LSERSs). '

The term ‘solvation’ refers to the surrounding of each dissolved molecule by a shell of
- more or less tightly bound solvent molecules. This solvent shell is the result of
intermolecular forces between solute and solvent *°\. The latter forces are classified in two
distinct categories:

e The first category are called van der Waals forces and gathers the so-called non-
directional, dipole/dipole, dipole/induced dipole (induction) and dispersion (London)..

e The second category comprises hydrogen bonding forces and the forces of transfer or

electron-pair donor/ acceptor forces. To this group belong specific, directional forces.

Abraham, Kamlet and Taft pointed out the necessity to consider both non-specific and
specific solute / solvent interactions separately. This linear solvation energy relationship

model has the following general form:

Solute Property = constant + Cavity term(s) + Dipolarity/polarisability term(s)

+ Hydrogen bonding term(s) (I-10)
Kamlet, Taft, Abraham used a solvatochromic comparison approach to develop further the
descriptors of their equation (II-10), i.e. using the pronounced change in position of an

UV/Vis absorption band accompanying a change in the polarity of the medium. A new

equation was obtained for the effect of solvents on the transport of a given solute %33,
Log SP=c +d.§ + s.t*; + a.0 + b.p; + d.(5p)° (I-11)

Where:
. SP is a property of a fixed solute in a series of solvents
° S, T*4, oy, B, (81.1)2 are the independent variables and solvent descriptors

. d is an empirical polarisability correction term
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e ¥, is the solvent polarisability/dipolarity
. o is the solvent hydrogen bond acidity
K B; is the solvent hydrogen bond basicity
. (8w)* is the solvent Hildebrand cohesive energy density

The equation, known as the solvatochromic équation, is still one of the most reliable
equations for the interpretation of solvent effects. The same team (Kamlet, Taft and
Abraham) sought to extend equation (II-11) to the examination of transport properties of

solutes in a given solvent system, and used the following equation (34-361,

LogSP=c+dd+sn*+taa+bp+vV (I-12)

In equation II-12, SP now refers to a property of a series of solutes in a fixed solvent
system. One ixhportant drawback of the new equation was that the solvent parameters ©*;
and B; were used as surrogates for the (then) unobtainable corresponding true solute
parametérs, 7* and B, and were therefore not truly representative of the solute properties. In
addition, a new descriptor, o, had to be re-invented to represent the solute hydrogen bond
acidity. The equation, however, was successful enough to indicate that the general
principles were correct and Abraham began the task of obtaining true solute parameters that

could be used in a similar-type equation, and which would reflect the various solute-solvent

interactions in the cavity model.
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CHAPTER III:
THE GENERAL SOLVATION EQUATION

Solute transport properties are quantitatively assessed through log L (solvent-air
system) or log P (solvent-water system), both of which are Gibbs energy related. It
would therefore be logical if the corresponding independent variables were also related
to Gibbs energy. In practice, it means that they must be experimentally obtained from
equilibrium constants. One criticism the Kamlet-Taft-Abraham equation (equation 1I-
12) for solute effects is that many of the descriptors were ultimatély derived from
solvatochromic shifts in the UV/Visible spectra — such shifts represent spectroscopic
energies and not any thermodynamic properties. It may be argued that volume is not a
Gibbs energy related property, but for a species contained in a given volume, PV = RT,
and if the pressure is constant (this will be the internal pressure of the solvent), V will
be proportional to RT, which is a Gibbs energy quantity. In this chapter, the general
solvation equation will be introduced and an overview on the development of the
Abraham descriptors will be given.

IT1I-1 The General solvation equations

For solvent-solute interactions: typically used in transport processes involving transfer

of solutes from the gas phase to a condensed phase.
SP=c+r. Ry +s. " +a. Tap +b. 28,7 +L.log L' (II-1)
For transport processes involving two or more solution, liquid or solid pha;es:
SP=c+r.Ry+s. 1" +a. o +b. 2, +v.Vy (1I-2)

Where:

o  SP represents a biological or physicochemical property of a series of solutes in a

system
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) Ry, 2, Tapt, EBZH, log LS, Vx are the descriptors, independent variables
representative of the solute effect on various solute-solvent interactions.
e 1,5 a b, ], vare the equation coefficients, dependent on the system under

investigation and providing information on the phase system

N.B.: New notations were created for the coefficients and descriptors in the general
equation:

SP=c+eE+sS+aA+bB+1L

SP=c+eE+sS+aA+bB+v.V

I11-2 The descriptors

As previously mentioned, the five descriptors, E, S, A, B and V, represents the solute

effects on various solute-solvent interactions.
III-2.1 E, the excess molar refraction

The polarisability correction term, , used in equation (II-12), is an empirical factor
limited to one of three values, 0.5 for halogenated aliphatics, 1.0 for aromatics or 0.0
for all other compounds. The alternative for 8 selected by Abraham [1}, was the excess

molar refraction.

Molar refraction, MRy, is often used as a measure of polarisability and can be defined
as:

MRx = 10[(n*-1)/(n” + 2)]V (III-3)

Where
e nis the refractive index of a solute that is liquid at 20°C (for solids, the refractive
index of the hypothetical liquid at 20°C can be calculated)

e Vs the McGowan characteristic volume in (cm3 mol'l)/ 100.

Because of the volume term in molar refraction, the latter always increase with

increasing size. The refractive index function itself is rather better indication of the
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presence of polarisable electrons in a molecule; thus values of the refractive index are
always larger for aromatic or halogenated aliphatic compounds than for other aliphatics.

The excess molar refraction, E, (10'lcm3mol'1) is:

E = MRxobserved) - 1\{R)((for alkame with same V) (11-4)

By substracting the molar refraction for an alkane of the same characteristic volume, the
dispersive component of molar refraction (already accounted in V and L in the
solvation equation) is removed. E provides a quantitative measure of the ability of a

solute to interact with the solvent through n and = electrons.

For liquids:
- E can be obtained from the experimental refractive index, n, (20°C sodium D lamp) for

solutes that are liquid at 20°c using a modified Lorentz-Lorentz equation:

E = MRx - (MRX)aikane (I-5)

- where MRy = 10[(n’-1)/(n’ +2)]V ,
and  (MRX)aikane = 2.83195.V - 0.52553 ([I-6)
For solids:

The refractive index of the hypothetical liquid at 20°C can be calculated or, as molar
refraction is an additive property, it is assumed that E is too. Thus, E can be obtained by
the summation of known E values of molecular fragments or substructures of the

compound 23]
II1-2.2 S, the polarisability/dipolarity descriptor

In equatfon (II-2), =*; was used instead of the solute dipolarity/polarisability term, n*.

Several problems arise from these = terms:

e m* is experimentally accessible only for compounds that are liquid at 298 K.
Therefore, values of n* had to be estimated for associated compounds such as
acids, phenols, alcohols and amides as well as gaseous and solid solutes.

e  m* is suggested to be identical to n* for non-associated liquids, but this may not
‘always be the case.

e  Because of its spectroscopic origin, this parameter is not Gibbs energy related.
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It therefore seemed necessary to develop a method that would allow the determination
of a dipolarity / polarisability scale, S (previously called =,"), that would be free energy
related and include all types of solute molecule. Abraham and co-workers constructed
the new dipolar / polarisability parameter, S, from the extensive sets of retention gas
liquid chromatographic (GLC) data and hundreds of solutes S values were thereby
obtained **.

I11-2.3 A and B, the hydrogen bond acidity and basicity

In equation (II-12), a new descriptor, am, had to be developed in order to represent the
solute hydrogen bond acidity and B; was used as a surrogate for . Abraham et al

[9-13]

developed an acidity and a basicity scale using 1:1 complexation constants, log K,

of a series of monomeric acids against given reference bases in tetrachloromethane at
298K:
A —H+B —— A—™ H..B

Abraham showed that log K values for bases against 34 reference acids in

tetrachloromethane could be assembled as a set of 34 linear equations U, of the

following form:

Log K =La.logKHs + Dy ' -7)

Where: |

e  Log K"y defines a solute hydrogen bond basicity scale over a range of reference
acids

° LA and D, characterise the particular acid

It was found that the equations intersected at log K's =—1.1 and a natural origin or zero

point could be established. The origin was shifted to zero. The final scale was defined

as:

8, = (log K5 +1.1)/4.636 (1-8)

A similar approach was used to develop a hydrogen bbnd acidity scale, log K", using

1:1 hydrogen bond complexation equilibrium constants in tetrachloromethane against

given reference acids was developed. The origin of the scale was again (-1,1) and was

shifted to zero. The final scale was defined as:

ot = (log KHa +1.1)/ 4.636 (I11-9)
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The relation between o, and ", was found via the correlation of 1312 equilibrium
constants in tetrachloromethane!!*), |

Log K =7.354 o, pt, — 1.094 - (I-10)
n=1312,* =0.9912, sd = 0.09

o, and BH2 values define the influence of solute structure on 1:1 complexation, but
when the solute is surrounded by solvent molecules, it will undergo multiple hydrogen
bonding. The ‘summation’ or ‘overall’ hydrogen bonding is then designated by za™,
and zpY, that represents the ability of a solute to interact with a large excess of solvent

molecules.

N.B.(1): The new notations for Sa™; and 28", are A and B

N.B.(2): The H bond basicity of certain solutes in water-solvent partitions seems to vary
with the particular water-solvent system. For a large number of solutes, =g," is constant
and can be used in equations that describe any gas to condensed phase process and any
water-solvent partition process. However, B, has to be modified for certain water-
solvent partition processes.

It has been observed that the hydrogen bond basicity of certain compounds was
different for transfer between water and wet or dry solvents that contain a rather high
proportion of water when saturated (e.g. octanol, ethyl acetate, diethyl ether etc). £g," is
replaced by zp,’ for these solutes whose basicity is found to change substantially
between wet and dry solvents:

e  aniline and alkylanilines

e  pyridine and alkylpyridines

e  sulphoxides (but not sulphones or sulphonamides)*}

II1-2.4 V, the Mc Gowan characteristic volume

V (previously called Vx) is the McGowan characteristic volume (in cm>mol™/100)¢17!
and represents the three-dimensional space occupied by a solute. It can be easily
calculated by simple summation of bonds and atoms in the molecule. All bonds,

whether single double or triple, count as ‘one bond’.
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Abraham’s calculation of the Mc Gowan volume:
B=N-1+Rg (m-11)
Where B=  number of bonds,

with all bonds (single, double, triple) counting as one
N= total number of atoms

Rg= total number of ring structures

V can then be calculated as follow:
V = (Zatom contribution - (6.56x B))/100 (II-12)

Table 1: Atom contribution, in cm 3 mot™

C=1635 |[N=1439 0=12.43 |F=1048 H=8.71
Si=26.83 |[P=24.78 S=2291 Cl1=20.95 |B=1832
Ge=31.02 | As=2942 |Se=27.81 |Br=2621
Sn=3935 |[Sb=37.74 |Te=36.14 |I=34.35

II1-2.5 L, the gas-hexadecane partition coefficient

If we consider the first step in the cavity theory of solvation, the larger the solute, the
larger will be the cavity. But from step 3, the larger the solute, the larger will be its
tendency to take part in solute-solvent interactions of the general London dispersion
type. To combine the two effects, L (previously called log L'®) or Ostwald solubility

coefficient was defined as solute gas-hexadecane partition coefficient at 298K 3.

L= [concentration of solute in hexadecane] (1I-13)

[concentration of solute in gas phase]
Abraham chose hexadecane as a reference solvent for solute descriptor as it is a readily
available non-polar liquid of well-defined structure. In addition, L can be readily
obtained from GLC measurements.
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For volatile compounds:
L can be obtained by direct GLC measurements using packed columns coated with
hexadecane at 298K and a number of n-alkanes are measured as standards. L of the test

solute can then be determined from its retention time.

For non-volatile compounds:

A similar approach can be used with non-polar stationary phases at more elevated
temperatures. In this case, the non-polar stationary phase is calibrated using the
solvation equation with only Eand L.

Log(tr)=c+eE+1LL (1II-14)

So that knowing, log (tr) and E for the solute of interest, and the coefficients, c, e and 1,
L can be readily obtained.

The first four descriptors, E, S, A and B, can be regarded as measures of the tendency
of a solute to undergo various solute / solvent interactions, all of which are energetically
favourable, i.e. exoergic. On the other hand, L and V are both measure of the size of a
solute, so will be a measure of the cavity term. Furthermore, since the size of the solute

is related to general dispersion interactions, both L and V describe solute / solvent

dispersion interactions "%,

111-2.6 Illustration: the chloroanilines

[20]

LFER descriptors were estimated for a series of chloroanilines*“™ and are used here to

illustrate the chemical meaning of the obtained values.

Table 2: chloroaniline descriptors

Compound kR .5 sl BH R O s 0 A
Aniline 0.96 0.96 026 | 041 0.50 4.13 {0.8162
R-chioroaniline 1.03 | 0.92 0.25 0.31 0.40 4.63 |0.9386
3-chloroaniling 1.05 1.10 0.30 0.30 0.36 4.83 {0.9386
4-chloroaniline 1.06 1.13 0.30 0.31 0.35 4.87 |0.9386
2,3-dichloroaniline 1.13 1.15 0.30 0.25 0.26 541 [1.0610
2,4-dichloroaniline 1.14 1.15 0.30 0.22 0.23 543 {1.0610

,9-dichloroaniline 1.13 1.20 0.30 0.23 0.24 546 (1.0610
,6-dichloroaniline 1.1 1.10 0.25 0.20 0.21 533 [1.0610
,4-dichloroaniline 1.16 1.24 0.35 0.24 0.25 554 |1.0610
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3,5-dichloroaniline 1.1 1.20 0.35 0.22 0.23 550 ]1.0610

2,3,4-trichloroaniline 1.24 1.20 0.35 0.15 0.15 6.05 }1.1834

R 4,5-trichloroaniline 1.24 1.16 0.30 0.14 0.14 5.99 |1.1834

2 4,6-trichloroaniline 1.22 1.10 0.25 0.14 0.14 5.90 |1.1834

3,4,5-trichloroaniline 1.26 1.27 0.40 0.13 0.13 6.15 {1.1834
,3,4,5-

tetrachioroaniline 1.33 1.34 0.46 0.03 0.03 6.76 |1.3058
,3,5,6-

etrachloroaniline 1.31 1.34 0.46 0.03 0.03 6.73 11.3058

Eentachloroaniline 1.41 1.38 0.46 0.01 0.01 7.33 11.4282

L and V are measures of solute size and dispersion interactions, therefore increases with
the size of the compound. As a stronger electron-withdrawing atom, F will have more
effect than, for example, Cl.

E provides a quantitative measure of the ability of the solute to interact through n and ©t
electrons; S is a measure of solute dipolarity/polarisability. Therefore both of them will
also increase as chlorine groups are added. It is also interesting to note that S is lower
than expected when the chlorine group is in ortho-position, due to intramolecular H
bonding with NH,.

The hydrogen bond acidity, A, increases too, as Cl is electron withdrawing. In the case
of chloroanilines, there are two hydrogen bond basicity values. By will be used when
determining the solute hydrogen bond basicity in wet solvent and By in dry solvent. The
value of B decreases as chlorine groups are added. Equation (I[I-10) shows the
relationship between A and B. Log K being constant for a given solute, A in inversely
proportional to B. ,

The Abraham LFER descriptors database currently counts around 4500 compounds
belonging to a wide range of chemical classes. The range of descriptor values can be

found in the following table:

Table 3 ) Range of values for currently available descriptors

Descriptor Maximum value | Minimum value
E Y3) 137
S 5.60 -0.54
A 2.10 0.00
B 4.52 0.00
\" 8.56 0.07
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I11-3The coefficients
II1-3.1 Definition of the coefficients

Since the descriptors represent the solute effect on various solute-solvent interactions,
the coefficients encode the interaction properties of the solvent phase. For a transfer
between two phases: the coefficients indicate the difference in interaction properties of
the two phases.

e Tendency of the solvent phase to interact through = and o electron pairs. The
value of e is usually positive but may be negative for phases that contain fluorine
atoms

s  Tendency of the phase to interact with polarisable/dipolar solutes

a  Hydrogen bond basicity of the phase (because acidic solutes will interact with
basic phases)

b  Measure of the hydrogen bond acidity of the phase (because basic solutes will
interact with acidic phases)

1 Combination of exoergic dispersion forces that make a positive contribution to the
l-coefficient and an endoergic cavity term that makes a negative contribution. The
dispersion interaction usually dominates, so that the l-coefficient is positive,
except for solution of gases and vapors into water.

v Measure of phase hydrophobicity, resultant of dispersion and cavity effects

For gas-phase processes, the s-, a- and b-coefficients must always be positive (or 0),
because interactions between the phase and a solute will increase the solubility of a
gaseous solute. The e-coefficient is an exception, because it is tied to hydrocarbons as a
zero; hence fluoro or chloro compounds as phases may give rise to a negative r-
constant. The coefficients in the solvation parameter equation are therefore not just
fitting constants but must obey general chemical principles.’*)

As an illustration of how the coefficient of the general equation can be used to define

the system: SP = log Poct (octanol-water partition coefficient)*!

Log Poct =0.088 + 0.562.E —1.054.S + 0.034.A -3.46.B +3.814.V (I11-16)
n =613, * = 0.9974, SD =0.116, F =23162

43



Figure 1: Log Poct — LFER terms effect

octanol
E S A B vV
water

E has a value of 0.562 and therefore, although its effect will not be as significant as the
other interactions, solutes with larger excess molar refraction value will slightly favour
the organic phase. A negative value of S (-1.054) implies that the more polar the
molecule, the more it will favour the aqueous phase. The H bond acidity of the
compound (H bond basicity of octanol) does not influence the partitioning, however, H
bond bases will strongly favour water (B = - 3.46). With a signiﬁcant value of 3.046,

the v coefficient shows that the larger the solute, the more it will be attracted to octanol.

II1-3.2 Multiple Linear Regression Analysis

The statistical procedure used to derive QSAR models is linear regression analysis,
which can be univariate 6r multivariate, depending on the number of structural
descriptors used in a particular analysis. Multiple Linear Regression Analysis (MLRA)
%] is used to generate the coefficients in the Abraham equation. In this technique, a
dependent variable, y, is linearly regressed against two or more independent variables,
five in the case of the Abraham equation. Intercorrelation between descriptors is the
main factor limiting the number of variables that can be used in a MLR analysis. Once
the coefficients are known, it is possible to predict values of y based on new values of
the independent variables. The accuracy of the predicted y variable depends on the
degree of scatter in the data. A method of least squares is usually used for determining
the best fit for the linear line through the data.

Once a MLRA output is available it is essential to measure the reliability of the

relationship, i.e. it is necessary to validate the model so any predicted values can be
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obtained with accuracy and confidence. For this purpose, statistical methods such as the
standard deviation, sd, in the dependant variable, the correlation coefficient, r, the t —
ratio and the Fisher F-statistic, F, can be used.

e  Standard deviation, sd = [(Zx; - x)*/(n - 1)]'* (I-17)
X mean
n number of data points

The standard deviation is the square root of the sample variance (sum of squares of
deviations of individual results from the mean, divided by one less than the number of
results,n, in the set). The standard deviation measures the spread of distribution around
the mean i.e. the degree of scatter in the data giving thereby an idea of the accuracy of
the variable, y. A low sd value indicates a low spreéd, i.e. a good relationship, and a
high value indicates that the dataset contains a high distribution of points significantly
different from the mean, which is unfavourable in MLRA. '

e  Coefficient of determination, = [1 - sd* (n - 2)/ 5, n]*? (I-18)

sd standard deviation |

n number of data points

Oy standard deviation in the y values

The coefficient of determination measures how closely the data set fits the relationship
given by the MLR analysis i.e. the degree of success of the correlation of the dependént
variable y against the independent variables x. Its value ranges from —1 to 1. A value of
-1 or 1 indicates that the dataset is explained by the correlation perfectly, while a value
of 0 means that there is no relationship between the dataset and the MLRA. A negative
value of r may be interpreted as a poor correlation by an inexperienced eye so r’, the

correlgtion coefficient, is used in its stead. 1 values range from 0 to 1.

The correlation coefficient and standard deviation do not provide any statistical
evidence that the relationship observed between the dependent variable and the
independent variables did not occur by chance alone. Therefore, other statistical

methods such as the t-ratio and the Fisher F-statistic are used in combination.
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e  t-ratio

The t-ratio is used to obtain the significance of a particular coefficient. It assumes a
normal distribution of errors and gives a limit to the range of values acceptable at a
specified confidence level, usually 95 or 99%. It is calculated as the ratio of the
coefficient estimate to its standard error. Looking for a t-ratio greater than 2 in absolute
value is a common rule of thumb for judging significance because it approximate the

0.05 significance level.

Fisher statistic, F=r’ (n-v-1)/(1 - v (I1-19)
n number of data points
r correlaﬁon coefficient
v degree of freedom
vV=p 3 1 where p is the number of variables
The F-statistic is used to determine whether the observed relationship between the
dependent and independent variables occurs by chance. The larger the number of data

points and the correlation coefficient, the larger the value of F, the better the regression.
III-3.3 Limitations of MLRA

The main problem with MLR is its sensitivity to collinearities among the independent

variables. Collinearities occur when there is a high degree of linear correlation between

two or more of the independent variables. If MLR is applied to a data set with correlated
variables, the calculated regression coefficients become unstable and uninterpretable.

Some regression coefficients may be much larger than expected, or they may even have

the wrong sign. It is therefore very important to make sure the variables used in MLR, i.e.

the solute descriptors in the case of the Abraham solvation equation, are well defined and

independent.

The spread of the explanatory variables needs to be as wide as possible for two reasons.

e  to produce a general regression equation that ‘explains’ a varied set of data and two,
to provide a large ‘descriptor space’. Predictions should only be made within the
descriptor space of the compounds used to set up the regression equation, so that the
wider the spread of variables the greater the descriptor space. This will result in
greater success when applying the equation to predicting further dependent variables.
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e  the greater the number of data points, the greater the reliability of the correlation; a
minimum of five data points per variable is suggested to achieve a statistically
significant and reliable regression equation.

I11-4 Some applications of the general solvation equation

ITI-4.1 Different uses of the general solvation equation

The general solvation equation can be used in several ways P°!;

1- Application to the correlation to the prediction of some particular solute property

2- The coefficients can form the basis of a general method of characterising both
physicochemical and biochemical processes

3- A given regression equation can be analysed term-by-term in order to isolate and to

quantify the particular interactions that influence the process under consideration

I11-4.2 Condensed to condensed phase

These are equations developed using the McGowan volume, V, therefore concerning a
transfer process between two liquids, two solids or a liquid and a solid.
SP=c+eE+sS+aA+bB+vV

c.f. Table 5: Abraham ‘V equations’ (after the references)

‘II1-4.3 Gas to condensed phase

These are equations developed using the water-hexadecane partition coefficient, L,
therefore concerning a transfer process between a gas and liquid or a gas and a solid.
SP=c+eE+sS+aA+bB+IL

c.f. Table 6: Abraham ‘L equations’(after the references)

I11-4.4 Other applications

e  gas-biological tissue distribution®®

o  nasal pungency and eye irritation thresholds in man!®*]

e  water-skin pemeaﬁon[34'37]
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blood-brain distribution/brain perfusion?***’!
sensory irritation in mice!*!**?
narcosis of the tadpole by aqueous solutes®’!

water-plant cuticle and air-plant partitionst*’!

gas chromatographic stationary phas_es[“]

gas chromatographic data for chemical sensors!***”

ethylene glycol-heptane system“sl

Alog P systems®”

water-micelle distribution”!-*
solid phase extraction®>58
supercritical fluid systems> !

solubility of solids!®?

solubility of liquids and solids in water!5**]
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Table 4: Abraham ‘V equations’:

A(i), "Water-solvent partitions: w, wet solvents; d, dry solvents; w/d, data for wet and dry solvents combined.

Ref

aB-O
bB-O
bB-O
bB-O
b B-O
bB-O

OH(D“OQOOOOOOQ.g

w
N

Solvent

Octanol

Isobutanol
Pentanol

Hexanol

Decanol

Olely alcohol
Dichloromethane
Trichloromethane
Tetrachloromethane
1,2-Dichloroethane
Pentane

Hexane

Heptane

Octane

Nonane

Decane
Hexadecane
Cyclohexane
Isooctane

Benzene

w/d

¥ § £ £ ¥

w/d
w/d
w/d
w/d
w/d
w/d
w/d
w/d
w/d
w/d
w/d
w/d
w/d
w/d

0.088
0.227
0.175
0.143
0.008
-0.359
0.314
0.327
0.260
0.227
0.369
0.361
0.325
0.223
0.240
0.160
0.087
0.159
0.318
0.142

0.562
0.514
0.575
0.718
0.485
-0.270
0.001
0.157
0.573

0.278 .

0.386
0.579
0.670
0.642
0.619
0.585
0.667
0.784
0.555
0.464

-1.054

©-0.693

-0.787
-0.980
-0.974
-0.528

0.022
-0.391
-1.254
-0.167
-1.568
-1.723
-2.061
-1.647
-1.713
-1.734
-1.617
-1.678
-1.737
-0.588

0.034

0.020

0.020

0.145

0.015
-0.035
-3.238
-3.191
-3.558
-2.816
-3.535
-3.599
-3.317
-3.480
~3.532
-3.435
-3.587
-3.740
-3.677
-3.099

-3.460
-2.258
-2.837
-3.214
-3.798
-4.042
-4.137
-3.437
-4.588
-4,324
-5.215
-4,764
-4.733
-5.067
-4.921
-5.078
-4.869
-4.929
-4.864
-4.625

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

3.814
2.776
3.249
3.403
3.945
4.204
4.259
4.191
4.589
4.205
4.514
4.344
4.543
4.526
4.482
4.582
4.433
4.577
4417
4.491

SP

logP
logP
logP
logP
TogP
logP
logP
logP
logP
logP
logP
logP
logP
logP
logP
logP
logP
logP
logP
logP

613
37
40
49
51
74
38

335

210
93
63

167

177

143
Av
56

370

227
113

213

0.9974
0.9911
0.9899
0.9854
0.9929
0.9929
0.9953
0.9902
0.9981
0.9902
0.9983
0.9969
0.9961
0.9961

alkane

0.9990
0.9982
0.9969
0.9987
0.9961

SD

0.116
0.119
0.154
0.167
0.124
0.109
0.141
0.250

0.113

0.222
0.137
0.207
0.254

0.205 -

0.144
0.124
0.143
0.111
0.143

23162
345
333
289
630
945
680
2223
10937
873
1872
2721
2281
1802

2790
20236
7141
8021
5317



Table 4: (cont.)
Ref  Solvent

c Toluene
¢ Chlorobenzene
¢ Nitrobenzene

1B-O Diethyl ether
IB-O Diisopropylether
j Dibutylether
kB-O Ethyl acetate
kB-O n-Butyl acetate

c PGDP

Olive oil May 97
CS2

Methanol
Ethanol
Propan-~1-ol
Butan-1-ol
Pentan-1-ol
Hexan-1-o0l
Heptan-1-ol

P.q Octan-1-o0l
Decan-1-ol
Propan-2-ol
iso-Butanol B-O
sec-Butanol

’U"O'U"UO::E*—‘O

- o g
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w/d

w/d
w/d
w/d

£ £ £ £ £ =

w/d
w/d

A oA A A A A A

0.143
0.040
-0.196
0.251
0.476
0.252
0.253
-0.468
0.256
-0.035
0.047
0.329
0.208
0.148
0.152
0.080
0.044
-0.026
-0.034
-0.062
0.069
0.161
0.194

0.527
0.246
0.537
0.588
0.434
0.677
1.157
0.712
0.501
0.574
0.686
0.299
0.409
0.436
0.438
0.521
0.470
0.491
0.489
0.754
0.319
0.310
0.383

-0.720
-0.462

0.042
-1.019
-0.939
-1.506
-1.397
-0.397
-0.828
-0.798
-0.943
-0.671
-0.959
-1.098
-1.177
-1.294
-1.153
-1.258
-1.044
-1.461
-1.023
-1.069
-0.956

-3.010
-3.038
-2.328
-0.238
-0.555
-0.807
-0.054
0.010
-1.022
-1.422
-3.603
0.080
0.186
0.389
0.096
0.208
0.083
0.035
-0.024
0.063
0.488
0.183
0.134

-4.824
-4.769
-4.608
-4.523
-5.185
-5.249
-3.755
-3.743
-4.640
-4.984
-5.818
-3.389
-3.645
-3.893
-3.919
-3.908
-4.057
-4.155
-4.235
-4.053
-3.853
-3.774
-3.606

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

4.545
4.640
4.314
4.043
4.189
4.815
3.726
3.865
4,033
4210
4921
3.512
3.928
4,036
4.122
4208
4.249
4.415
4218
4293
4.063
4,040
3.829

SP

logP
logP
logP
logP
logP
logP
logP
logP
logP
logP
logP
logP
logP
logP
logP
logP
logP
logP
logP
logP
logP
logP
logP

151
94

84

239
41

87

47
130
139
52
93
64
76
88
59
46
38

153

45
96
61
64

0.9968
0.9975
0.9932
0.9685
0.9929
0.9762

0.9892
0.9920
0.9976
0.9968
0.9940
0.9952
0.9976
0.9970
0.9980
0.9989
0.9986
0.9966
0.9990
0.9969
0.9956
0.9958

SD

0.130
0.113
0.147
0.356
0.179
0.310

0.152
0.180
0.140
0.239
0.160
0.170
0.130
0.125
0.112
0.114
0.081
0.144
0.123
0.170
0.137
0.130

4566
3457
1135
705
490
329

N/A
1532
5802
1437
1440
1205
2892
2719
2597
3775
2333
4362
3843
2872
1253
1148



Table 4: (cont.)
Ref Solvent

t t-Butanol

s Trifluoroethanol
Ethylene glycol
Diethyl ether
Dibutylether

Ethyl acetate

Butyl acetate
Propanone
Dimethylformamide
Acetonitrile
Nitromethane
N-Methylpyrrolidinone
DMSO

L I R I )
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w/d

[> TN >V = VR = PR o N - T - VO T - VY - T - T - T - %

0.197

- 0.395
-0.269
0.308
0.203
0.358

0.335
0.136
0.413
0.023
-0.071
-0.250

0.136
-0.094
0.586
0.377
0.369
0.362

0.349
0.305
0.077
-0.091
0.686
0.184

-0.916
-0.594
-0.522
-0.813
-0.954
-0.449

-0.231
0.431
0.326
0.793
0.455
0.905

0.318
-1.280
0.712
-0.468
-1.488
-0.668

-0.411
0.469
-1.566
-1.463
1.547
1.921

-4.031
-1.274
-2.492
-5.012
-5.426
-5.016

4.793
4.833
-4.391
4364
-5.068
4.739

0.000
0.000
0.000
0.000
0.000
0.000

0.000
0.000

0.000

0.000
0.000
0.000

4.112
3.088
2.708
4.379
4.508
4.155

3.963
3.735
3.364
3.460
3.899
3.509

SP

logP
logP
logP
logP
logP

logP -

logP
logP
logP
logP
logP
logP

82
43
63
50
59
70

89
110
117

65
100

0.9992
0.9927
0.9902
0.9988
0.9974
0.9982

0.9967
0.9947
0.9932
0.9961
0.9952
0.9966

SD

0.167
0.186
0.182
0.155
0.180
0.166

0.175
0.214
0.185
0.129
0.155
0.149

9096
500
572

3761

2150

3611

2507
1939
1608
954
1222
2774



Table 5: Abraham ‘L, equations’:
B(i). Gas-solvent (phase)

partitions.

Ref solvent w/d c e s a b 1 v SP N R SD F

c Octanol w -0.198 0.002 0.709 3.519 1429  0.858 0.000 logL

c Dichloromethane w/d 0.107 -0.429 - 1.671 0.380 0.820 0942 0.000 logL 34 0.9957 0.121 640
d Chloroform w/d 0.168 -0.595 1256  0.280 1370 0981 0.000 logL 150 0.9949 0.230 1919
c Tetrachloromethane w/d 0.282 -0.303 0460  0.000 0.000 1047 0.000 logL 173 0.9982 0.119 15858
c 1,2-Dichloroethane  w/d 0.011 -0.150 1436 0649 0.736 0936 0.000 logL 64 0.9971 0.148 1966
e Pentane w/d 0.335 -0.276 0.000 0000 0000 0.968 0.000 logL 57 0.9986 0.121 5058
e Hexane w/d 0.292 -0.169 0.000 0.000 0.000 0979 0.000 logL 116 0.9991 0.102 15683
¢ Heptane w/d 0.275 -0.162 0.000 0000 0.000 0983 0.000 logL 106 0.9993 0.088 19487
e Octane w/d 0.215 -0.049 0.000 0.000 0.000 0967 0.000 logL 102 0.9992 0.098 17430
e Nonane w/d 0.200 -0.145 0.000 0000 0.000 0.980 0.000 logL Av alkanes

e Decane w/d 0.156 -0.143 0.000 0000 0000 0.989 0.000 logL 57 0.9997 0.065 26396
a Hexadecane w/d 0.000 0.000 0.000 0.000 0.000 1000 0000 logL - N/A N/A

f Water n/a -1.271 0.822 2.743 3904 4814 -0213 0.000 logL 392 0.9962 0.185 10229
a,c Cyclohexane w/d 0.163 -0.110 0.000  0.000 - 0.000 1.013 0000 logL 151 0.9966 0.144 10891
i Isooctane w/d 0.264 -0.230 0.000 0000 0.000 0975 0.000 logL 109 0.9992 0.084 33142
c Benzene w/d 0.107 -0.313 1.053 0457 0.169 1.020 0.000 logL 175 0.9987 0.119 12570
c Toluene w/d 0.121 -0.222 0938 0467 0.099 1012 0.000 logL 121 0.9988 0.111 9968
c Chlorobenzene w/d 0.053 -0.553 1254 0364  0.000 1.041 0.000 logL 89 09988 - 0.103 9070
c Nitrobenzene w/d -0.295 0.121 1.682 1247 0370 0915 0.000 logL 75 0.9991 0.117 8395
I Diethylether/2001 w 0.196 -0.202 0876 3394 0.000 0890 0.000 logL 114 0.9910 0.261 1488
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Table 5 (cont.)

Ref solvent w/d c e s a b 1 v SP N R SD F
Dipropylether/2001 w 0.065 -0.202 0.776 3.074 0.000 0948 0.000 IlogL

1 Diisopropylethr/2001 w 0.134 -0.242 0.728 3.191 0.000 0954 0.000 LogL 37 0.9978 -0.126 1810
j Dibutylether/2001 w 0.369 -0.216 0.026 2626 -0499 1.124 0.000 logL 83 0.9943 0.294 907
c Olive oil w/d -0.230 0.009 0.795 1.353 0.000 0.888 0.000 logL 141 0.9982 0.087 9508
1 CS2 w/d 0.101 0.251 0.177 0.027 0.095 1.068 0.000 logL 49 0.9993 0.153 5965
m,p Methanol d -0.004 -0.215 1.173 3.701 1432 0769 0.000 logL 93 0.9984 0.130 3681
n,p Ethanol d 0.012 -0.206 0.789 3.635 1.311 0.853  0.000 logL 68 0.9989 0.140 3534
o,p Propan-1-ol d -0.028 -0.185 0.648 4.022 1.043  0.869 0.000 logL 77 0.9992 0.120 6073
p Butan-1-ol d -0.039 -0.276 0.539 3.781 0995 0934 0.000 logL 92 0.9989 0.158 5099
p Pentan-1-ol d -0.042 -0.277 0.526 3.779 0983 0932 0000 logL 61 0.9998 0.076 19143
p Hexan-1-0l d -0.035 -0.298 0.626 3.726 0.729 0936 0.000 logL 46 0.9999 0.089 18181
P Heptan-1-ol d -0.062 -0.168 0.429 3.541 1.181 0927 0.000 logL 38 0.9999 0.067 23045
aQ.p Octan-1-ol d -0.120 -0.203 0.560 3.560 0702 0939 0.000 logL 156 0.9972 0.125 10573
p Decan-1-o] d -0.136 -0.068 0.325 3.674 0.767 0947 0.000 logL 45 0.9998 0.090 15984
i Propan-2-ol d -0.068 -0.330 0.704 4.012 1.073  0.889 0.000 logL 96 0.9991 0.128 10326
t iso-Butanol d 0.012 -0.407 0.670 3.645 1283 0.895 0.000 logL 60 0.9991 0.148 6218
t sec-Butanol d -0.017 -0.376 0.852 3.740 1.161 0.867 0.000 logL 53 0.9994 0.137 7327
t t-Butanol d 0.071 -0.538 0.818 3.951 0.823 0905 0.000 logL 82 0.9993 0.138 10590
c Ethylene glycol d -0.898 0.217 1.427 4474 2687 0568 0.000 logL 63 0.9982 0.178 3145
] Trifluoroethano] d -0.092 -0.547 1.339 2213 3.807 - 0.645 0.000 logL 43 0.9987  0.140 2837
i Dibutylether d 0.165 -0.421 0760  2.102 -0.664 1002 0.000 logL 58 0.9990 0.172 3458
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Table 5 (cont.)

Ref solvent

k Ethyl acetate
t Acetonitrile
t Dimethylformamide
1 Propanone
v Air-plant cuticle
N-
t Methylpyrrolidinone
c Nitromethane
ab Water,37
ac Urine, 37
ac Blood,37
ac Plasma, 37
ac Liver,37
ac Muscle,37
ac Lung, 37
ac Fat,37 ‘
ac Kidney, 37
ac Heart, 37
ac Brain, 37
v Air-plant cuticle

57

w/d

0.203
-0.007
-0.161

0.154
-0.617

~-0.293
-0.340
-1.361
-0.314
-1.269
-1.480
-1.031
-1.140
-1.300
-0.294
-1.084
-1.208
-1.074
-0.617

-0.335
-0.595
-0.189
-0.277

0.082

0.253
-0.297
1.055
0.000
0.612
0.490
0.059
0.544
0.667
-0.172
0417
0.128
0.427
0.082

1.251
2461
2.327
1.522
1.282

2210
2.689
2.630
0.854
0.916
2.047
0.774
0216
0.680
0.729
0.226
0.987
0.286
1.282

2.949
2.085
4.756
3.258
3.120

5.094
2.193
3.742
3.445
3.614
3.507
0.593
3.471
3.539
1.747
3.624
0.643
2.781
3.120

0.000
0.418
0.000
0.078
0.820

0.000
0.514
4.495
3.720
3.381
0.490
1.049
2.924
3.350
0.219
2.926
1.783
2.787
0.820

0917
0.738
0.808
0.863
0.860

0.818
0.728
-0.245
0.056
0.362
3.911
0.654
0.578
0.458
0.895
0.534
0.597
0.609
0.860

0.000
0.000
0.000
0.000
0.000

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000

0.000

Sp

logL
togL
logL
logL
logL

logL
logL
logL
logL
logL

logL

logL,
logL
logL

logL

logL
logL
logL
logL

70
117

89
62

72
45

34
82
32
29
41
36
36
36
24
41

£ 0.9985

0.9966

0.9980
0.9970
0.9957
0.9982

0.9751

10.9884

0.9921
0.9907
0.9827
0.9878
0.9940
0.9753
0.9784
0.9837

SD

0.151
0.159
0.120
0.152
0.232

0.128

0.059
0.180
0.263
0.203
0.232
0.101
0.262
0.233

. 0.118

0.266
0.172
0.240
0.230

5289
3267

4237
1963

1922
2167

140
654
327
245
198

© 241
498

117
81
209
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AIMS OF THE PRESENT WORK

The aims of the present work can be divided into three main parts

1- Descriptor estimation

A representative dataset of 53 compouds belonging to 14 chemical classes was

gathered from the Pesticide Manual 12% edition. The aim of this part of the project

was to estimate the experimental LFER descriptors fof these agrochemicals using

the various methods available, after measurements of the required physico-chemical

properties. The results will be used to:

e Be compared with the group contribution approach for the estimation of LFER
descriptors

e Prédict physico-chemical properties that are important in determining the
environmental fate of pesticides

e Compare the LFERs obtained using this dataset with the existing equations
based on various datasets

e Draw an LFER profile of agrochemicals, and compare it with that of

pharmaceutical compounds

2- Establishment of new LFERs for the prediction of:
e Soil sorption coefficient
e Vapour pressure

e Melting point

3- Comparative studies
In addition, during the development of new LFER equations, the importance of the
choice of compounds in the training set and of the reliability of the descriptors will

be investigated.
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CHAPTERI1V:
COEFFICIENTS DETERMINATION & DESCRIPTOR ESTIMATION

If the solvation equations are considered again:

e  For gas to condensed phase processes:
SP=c+e.E+s.S+a.A+b.B+lL

¢ For condensed to condensed phase processes:
SP=c+e.E+s.S+a.A+b.B+v.V

Three descriptors can be readily determined:
e V from the molecular structure, using the Abraham algorithm
¢ R from the hypothetical refractive index.

e L from GLC measurements on non-polar phases

There are several ways of estimating the values of the remaining three descriptors, S, A
and B, according to whether experimental data are available or not. When no experimental
data are available, methods based on a fragment addition approach (ABSOLYV, UNIX and
estimation by analogy) can give a quick estimation of a compound’s descriptors. More
accurate estimation can also be obtained using methods (Regressions, Triple X, Descfit and
Solver) based on experimental data. In this chapter, an overview of the different descriptor
estimation methods is given, as well as a description of how literature and measured data

were used.

IV-1 Descriptor estimation by fragment addition

IV-1.1 UNIX

Molecular descriptors are often additive. Functional group values have been shown to be

almost constant in similar environments. In the absence of any measured log P or other
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physicochemical properties, the descriptors can be estimated by addition of values for
fragments or substructures in a group contribution approach. To this date, 81 fragments
have been defined as Daylight SMARTS for the estimation of six LFER descriptors: E, S,
A, B B® and L. Several approaches have been based on fragment addition schemes for
the estimation of solvation properties, log L' (Sevcik er al. ), log Poct 1 and water
solubility ©! (both Klopman ef al.), log Poct and molar refraction . The success of these
approaches depends mainly on the set of fragments chosen.

UNIX ¥ js a ‘Daylight Toolkit’ program. UNIX estimations are based on 81 Daylight
SMARTS strings obtained by modification of Klopman’s 33 fragments and the addition of
interaction terms. Another set composed of 51 fragments has been developed for the
estimation of A, based on the most fundamentally acidic atom types (e.g. -OH, -NH and -
NH;). The advantage of this method is that it can be set as a high throughput automated
system estimating descriptors for approximately 600 molecules per minute. The descriptors

can be estimated from the molecule’s structure entered as a SMILES strings ..
IV-1.2 ABSOLV 14.

Absolv version 1.4 is a PC software, developed by Sirius Analytical Instruments Ltd and is
also based on the group contribution approach. It is more user-friendly, but gives
estimations slightly different to those of UNIX. The development of Absolv in PC format,
using a different fragment recognition software, has made it necessary to increase the
number of fragments to 208. The new fragments are refinements of the original SMARTS
strings. For instance, Klopman’s original definition placed all NH, groups in one fragment.
In Absolv, NH, groups were separated into those bonded to aliphatic and aromatic atoms.
Similarly, aliphatic and aromatic nitro and nitrile groups have been separated. Absolv can
estimate approximately 200-250 sets of descriptors per minute depending on the

complexity of the molecule and the speed of the PC used.

The group contribution approach is conceptually simple. However, it has one main
limitation: predictions can be made only for solutes for which all the required fragments

are available.
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IV-2 Experimental descriptor estimation

Descriptors can be determined experimentally from a number of water-solvent and gas-
solvent partition values. To obtain reliable values, at least three water-solvent systems with
appreciably different coefficients in the solvation equation should be used. For instance a
suitable set of three solvents could be:

- octanol (moderate s, zero a and large b)

- an alkane or cyclohexane (large s, aand b)

- a chlorinated hydrocarbon (low s, large a and b) such as CH,Cl,, CHCl; or 1,2-
dichloroethane.

S, A and B can be readily obtained from air-solvent and water-solvent partition
coefficients. A can also be obtained from GLC measurements on polar stationary phases or
more generally from water-solvent partition coefficients. High quality descriptors can
thereby be obtained for most molecules but there are many disadvantages:

« Need a sample of the molecule of interest

o Certain measurements may not be suited to certain types of molecule

e Measurements and derivation may be time-consuming and difficult

« Limit the extension to high throughput screening '}

IV-2.1 Regressions

(8] ysed a training set composed of a series of 47 pharmaceutical

Abraham and Zissimos
compounds with already known descriptors, and four known measured partition
coefficients (octanol, cyclohexane, chloroform and toluene partition coefficients). Three
equations were then obtained by multiple linear regression of S, A and B against the log P
values. From the equations established for the training set, descriptors of a test set can then
be estimated when their four log P values are known, as shown by the following equations.
Descriptor = W.10gPoctanol + X.10g Pchioroform + ¥-10g Peyelobexane + Z.108 Piojuene + €.E +v.V

av-1)
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S = 0.049 — 0.092.10gPoctanol + 0.229.108 Pesioroform — 0-713.108 Peyeiohexane + 0.625.108 Projuenc
+0.625.E -0.188.V
n=47,7*=0.916, SD =0.152, F = 73.054 (IV-2)

A =0.108 + 0.261.10gP octanol — 0.155.10g Pehioroform — 0-248.10g Peyciohexane + 0.171.108 Piojuene
—0.049.E - 0.097.V

n=47, ¥ =0.964, SD = 0.058, F = 177.194 (Iv-3)

B = ‘0.089 - 0.033.10gP0ctanol + 0.338.10g Pch]oroform + 0.178.10g Pcyclohexane - 0.587.10g
Piotuene 0.137.E + 0.595.V
n=47,=0.881, SD =0.137, F = 49.187 (IV-4)

IV-2.2 Triple X

Triple X is a simultaneous equation solver. Three simultaneous equati_ons can be
constructed and solved for the three unknown S, A and B. The program takes all
combinations of the three equations from a series of solvent-water systems to calculate S,
A and B for each combination. Triple X then statistically obtains a more accurate result of

S, A and B based on four log P values and the four combinations of equations that arise.

SP=eE+sS+aA+bB+v.V av-5)
By rearranging the terms, we obtain :

SP-eE-vV=sS+aA+bB (Iv-6)
Which is equivalent to :

X, = 50.Sp + 25.Ap + ba By av-7n

The program has been recently modified to work with Abraham equations and uses

matrices and a Gauss-Jordan routine for the solution of simultaneous equations (8],
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IV-2.3 MS Excel Solver

Solver is a Microsoft Excel tool using the Generalised Reduced gradient (GRG2) non-
linear optimisation code developed by Leon Lasdon (University of Texas, Austin) and
Allan Waren (Cleveland State University). It allows the determination of a maximum or
minimum value of a cell by changing other cells. The LFER equations are entered in an
Excel spreadsheet, as well as the corresponding measured/literature data. Solver minimises
the sum of squares on the required equations to fit the targeted cells S, A and B and the

values are accepted when the overall sum of squares is at a minimum.

IV-2.4 Descfit

Descfit is a PC based software package developed by Abraham and Zissimos !'® to
determine S, A and B for a particular solute using three or more experimentally measured
solvation properties in conjunction with the solvation equation established by Abraham et
al. (c.f. chapter II-4). When E and V are known, Descfit uses a well known procedure
namely SIMPLEX %) method, and treats the unknown descriptors as adjustable parameters
and minimises the root-mean-square-difference (RMSD) between log SPobserves and log

SP caiculated @s defined below:

negs
RMSD = Z =1 (10}1 SPcalgj] — log SPobgﬁ) !2 (Iv-8)
neqs

where negs is the number of solvation equations

N.B.: negs should be equal or greater than the number of adjustable parameters in order to
increase the reliability of the calculation. _
An added feature of Descfit is that it allows the user to input any one or two of the

adjustable parameters, that are readily available, in the optimisation calculation.
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IV-3 Using literature data

1V-3.1 Using partition coefficient data

If a given solvent is the dry solvent, the log P values refer to partition between water
and the dry solvent.

If a given solvent is the water saturated solvent, the log P values refer to the partition
between water and the wet solvent.

For solvents that are partially miscible with water (e.g. butanol, ethyl acetate), the
partition coefficient between the two pure solvents will not be the same as that
obtained from direct partition between water (saturated with solvent) and solvent
(saturated with water).

For solvents that are fully miscible with water (e.g. methanol), the log P values refer
to the hypothetical partition between the two pure solvents

For solvents that are almost completely immiscible with water (e.g. alkanes,
cyclohexane, DCM, CCly, and most aromatic solvents), the log P values between the

pure solvents will be the same as the direct partition values.

IV-3.2 Using Solubility data

Water-solvent partition coefficients can be calculated from literature/measured solubility

data with the following equation:

P=Ss/Sw or logP =log Ss -log Sw (Iv-9)
P water-solvent partition coefficient

Sw  aqueous solubility at 298K (mol.I'")

Ss

solubility in solvent at 298K (mol.1™)

Equation (IV-9) can be used only if the three following conditions are met:

1-

The same solid phase must be in equilibrium with the saturated solutions in the
solvent and in water; in practice this means that there should be no solvate or hydrate

formation.
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2-  The secondary medium activity coefficient of the solid in the saturated solutions
must be unity (or near unity); this condition normally restricts the method to those
solids that are sparingly soluble in water and non-aqueous solvents.

3-  For solids that are ionised in aqueous solution, Sw must refer to the solubility of the

neutral form

1V-3.3 Using solvent-solvent partition coefficient data

Equation (IV-9) can also be used to obtain water-solvent partition coefficients from

solvent-solvent partition coefficients, e.g.:

PMeOH/cyclohexane = SmeoH / Scyclohexane (IV -1 0)
or
108 P MeOH/cyclohexane = IOgP MeOH = logP cyclohexane (IV'I 1)

Therefore, knowing 10gPmeom/cyclohexanes if 108PMeon is known, then 10gPcyciohexane €an be

calculated and vice versa. The same three conditions must be met, as above.

IV-3.4 Using air-solvent partition coefficient data

An additional set of partition coefficients can be calculated from the solid saturated vapour .
pressure. VP (in atm) can be transformed into the gas phase concentration, Cg (mol/l)
using the following equation:

log Cg =log VP -log RT av-12)
R gas constant (dm’atm K ™)
T temperature (K)

The gas-water, Lw, and gas-solvent, Ls, partition coefficients, can be calculated usiné the
following equations:
Lw=Sw/Csz or log Lw = log Sw - log Cg (Iv-13)
Ls=Ss/Cg or log Ls =log Ss - log Cg Iv-14)
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IV-4 Estimation by analogy

Knowing that functional group values are often constant in similar environments, S, A and
B can also be estimated simply by comparison with descriptors of similar compounds for
which the descriptors are already known. In addition, S, A and B are usually constant along
a homologous series.

This method can give a rapid estimation of the descriptor values but is more time-
consuming than automatised Absolv and UNIX. However, both the latter methods do not
take into account all intra-molecular interactions such as hydrogen bonding, and estimating

the descriptors manually by analogy may lead to more reliable values.

IV-5 Choice of solvent systems

As previously mentioned (IV-3), to obtain reliable descriptor values, at least three water-
solvent systems should be used with significantly different coefficients in the solvation
equation; for instance, octanol, an alkane and a chlorinated carbon. In order to choose four
suitable solvent systems from the 55 Abraham water-solvent equations, five different

‘approaches’ were considered.

IV-5.1 Practical considerations

In this step, all solvents were considered for the ‘practical’ aspect

1-  In each chemical class, the sets of coefficients of the water-solvent equations are
very similar to each other therefore no more than two solvents are selected per
chemical class. The most commonly used solvents are preferred, e.g. octanol rather
than oley! alcohol or isobutanol.

2-  Only directly/easily measurable partition coefficients are selected, e.g. none of the
dry solvent equations, no Alog equations, no air-water partitions are considered .

3-  No toxic solvents, e.g. no benzene, nitrobenzene.

4-  No volatile solvents, e.g. ether (boiling point: 34.6°C).
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5-  The reliability of the LFER equation is also verified, i.c. are there enough

compounds in the equation? Is the standard deviation reasonable? For instance,.

tributylphosphate seems like a good option but is based on too few compounds in the

training set.

Table 1: Choice of solvent system in practice (*Aldrich catalogue)

Problem Boiling Pt (°C)* |water miscibility*

Octanol 196 3.90%
Isobutanoi
Pentanol
Hexanol
Decanol
Oleyl alcohol
Dichloromethane 40 0.24%
Trichloromethane 61 0.06%
CCl4 Toxic
1,2-Dichloroethane
Pentane
Hexane 69 0.01%
Heptane
Octane
Nonane
Decane
Hexadecane 151
Cyclohexane 81 0.01%
Isooctane
Benzene Toxic
Toluene 110
Chlorobenzene
Bromobenzene
lodobenzene
Nitrobenzene iToxic
Diethyl ether koo volatile 346
Diisopropyl ether not common 68-69
Dibutylether not common 142-143
Ethyl acetate 76-77 3.30%
n-Butyl acetate
PGDP not common
Olive oil not common
Tributylphosphate Equation
MeOH/Dry dry solvent
EtOH/Dry dry solvent
PrOH/Dry dry solvent
BuOH/Dry dry solvent
PeOH/Dry dry solvent
HexOH/Dry dry solvent
HeptOH/Dry dry soivent
EGLY/Dry dry solvent
OctOH/Dry dry solvent

ecOH/Dry dry solvent
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Iso-PrOH/Dry - (dry solvent
LI'FE. Dry dry solvent .
Butanone(GSW). Dry idry solvent
DMF/Dry dry solvent
MeCN/Dry dry solvent
Nitromethane. Dry dry solvent
NMP/Dry dry solvent .
DMSO. Dry dry solvent ‘
DlogPcyc measurement :
DiogPalk measurement
Gas phase measurement

IV-5.2 Ratios

The ratios of the coefficients, with v as the preferred basis for the normalisation, were

calculated and compared with those from other equations.

Table 2: Choice of solvent from ratio

[Solvent elv siv alv biv

Octanol 0.15 -0.28 0.01 -0.91
Isobutanol 0.17 -0.23 -0.02 -0.83
Pentanol 0.18 -0.24 0.01 -0.87
Hexanol 0.21 -0.29 0.04 -0.94
Decanol 0.12 -0.25 0.00 -0.96
Oleyl alcohol -0.06 -0.13 -0.01 -0.96
Dichloromethane 0.00 0.01 -0.76 -0.97
Trichloromethane 0.04 -0.09 -0.76 -0.82
CCl 0.12 -0.27 -0.78 -1.00
1,2-Dichloroethane 0.07 -0.04 -0.67 -1.03
Pentane 0.09 -0.35 -0.78 -1.16
Hexane 0.13 -0.40 -0.83 -1.10
Heptane 0.15 -0.45 -0.73 -1.04
Octane 0.14 -0.36 0.77 -1.12
[sooctane 0.08 -0.37 -0.80 -1.10
Nonane 0.14 -0.38 -0.79 -1.10
Decane 0.13 -0.38 -0.75 -1.11
Hexadecane 0.15 -0.36 -0.81 -1.10
Cyclohexane 0.17 -0.37 -0.82 -1.08
Benzene 0.10 -0.13 -0.69 -1.03
Toluene 0.12 -0.16 -0.66 -1.06
Chiorobenzene 0.05 -0.10 -0.65 -1.03
Bromobenzene 0.09 -0.06 -0.73 -1.01
lodobenzene 0.09 -0.07 -0.73 -1.01
Nitrobenzene 0.14 0.00 -0.55 -1.04
Diethyl ether 0.14 -0.25 -0.02 -1.14
Diisopropyl ether 0.16 -0.28 -0.05 -1.12
Dibutylether 0.17 -0.32 -0.18 -1.08
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Ethyl acetate 0.31 -0.37 -0.01 -1.01
n-Butyl acetate 0.18 -0.10 0.00 -0.97
PGDP 0.09 -0.17 -0.24 -1.14
Olive oil 0.14 -0.19 -0.35 -1.18
Tributylphosphate 0.19 ~0.21 0.34 -1.13
eOH/Dry 0.09 -0.19 0.02 -0.96
tOH/Dry 0.10 -0.24 0.05 -0.93
PrOH/Dry 0.11 -0.27 0.10 -0.96
uOH/Dry 0.11 -0.29 0.02 -0.95
eOH/Dry 0.12 -0.31 0.05 -0.93
exOH/Dry 0.11 0.27 0.02 -0.95
eptOH/Dry 0.11 -0.28 0.01 -0.94
GLY/Dry 0.15 -0.15 0.33 -0.92
ctOH/Dry 0.12 -0.25 -0.01 -1.00
cOH/Dry 0.18 -0.34 0.01 -0.94
s0-PrOH/Dry 0.08 -0.25 0.11 -0.94
'FE. Dry -0.16 -0.22 -0.56 -0.10
utanone(GSW). Dry 0.00 -0.04 -0.24 -1.13
DMF/Dry 0.08 0.12 0.31 -1.29
eCN/Dry 0.02 0.10° -0.47 -1.31
itromethane. Dry -0.03 0.23 -0.42 -1.26
MP/Dry 0.18 0.12 0.40 -1.30
DMSO. Dry 0.15 0.22 0.52 -1.36
as phase -0.66 -2.93 -4.39 -5.57
DlogPcyc 0.31 -0.81 4.59 -1.74
logPalk 0.19 -1.29 -7.59 -2.90

This approach is useful to rapidly judge the analogy between two equations. However, it
implies the simultaneous comparison of a set four values and direct assessment is often
difficult when several equations are involved 2] Therefore, several approaches have been
developed in order to analysé the four values simultaneously, including non-linear
mapping, principal component analysis and the 6 approach. The aim of the next three
proposed methods is simplification, whereby we try to summarise a multivariate data set

with a reduced number of variables but minimal loss of information
I1V-5.3 Principal component analysis

The technique of principle component analysis (or PCA) was first described by K.Pearson
at the turn of the century as a means of fitting planes by orthogonal least squares. It is
essentially an exploratory tool with its modern application due to H.Hotelling who, in the
1930s, used it to analyse correlational structures between a series of measured responses,
such as could occur in chemical identification. In chemistry, PCA was first introduced by

Malinowski around 1960 under the name principal factor analysis and since 1970, a large
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number of chemical applications of PCA have been published in such areas as mixture
analysis, pattern recognition, and multivariate calibration. PCA is based on the linear
transformation of correlated components (unrelated fimctions of the responses) to help
explain the patterns of variation inherent in the set of measured responses. It is basically a
method that attempts to extract and interpret information from multivariate data.

Applied to LFERSs, principal component analysis is based on the linear combination of
the five coefficients ofthe solvation equation to produce ‘indices’ or principal components
(PC). The PC’s are derived in such a way that they are all mutually orthogonal, i.e.
independent and at right angles to one another in multi-dimensional space. These
components are also arranged in order so that the first accounts for the largest portion of
explainable variability in the measured data, the second accounts for the second largest

portion of explainable variability subject to being uncorrelated with the first, and so on.

Figure 1: Principal component analysis
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PC scores are evaluated by either substituting the standardised values of each response
measurement into the PC expression and calculating the resultant numerical value, or by
substituting the original response measurements and standardising the resultant scores.
Such data are used to assess for similarity across the samples with similar PC scores being

indicative of samples with comparable characteristics. Plots of PC scores for each pair of
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selected components are therefore an integral part of the data interpretation enabling
samples to be visually compared for similarities in characteristics.

The PC scores plotted for LFERs of interest gave Figure 3. The plot confirms that for
cyclohexane, hexadecane and hexane, all being hydrocarbons, the coefficients in their
solvation equation are not markedly different; the same applies to dichloromethane and
chloroform. Octanol, toluene, chlorinated hydrocarbons and hydrocarbons, however, have
more wodely separated coefficients and can be used for LFER descriptor estimation. Ethyl
acetate will not be used due to its volatility. If the linear methods have been most popular
until the end of the 1980’s, non-linear methods, such as non-linear mapping, are

increasingly used for SAR purposes.

IV-5.4 Non-linear mapping

Historically, QSAR and drug design were dominated by linear methods 202!

, such as
principal component analysis ["*]. However, non-linear multivariate techniques have been
increasingly infiltrating the field 27?%). Only recently, the heuristic potency of the use of
the non-linear method for visualising and interpreting numerous QSAR data was
demonstrated 5%, One of the earliest examples of the use of NLM in chemistry was
reported by Kowalski and Bender *"?* and it was first used in drug design to visualise the
results of compound selection **), Since then the method has been used as a display
technique for QSARs U>*5*57] and recent applications include the production of
compound selection maps #7*%). NLM has the advantage over PCA scores plots that the
method does not impose a linear combination on the variables that go to make up the axes
of the plot. However, it suffers the disadvantage that the axes are unknown, non-linear
combinations of the starting variables whereas the ‘structure’ of PCA axes can be seen in
the loading of the input variables.

NLM P81 i5 a classical non-linear method allowing one to represent a set of individuals in
a metric space from a measure of their dissimilarity. Like the other display methods, NLM
allows one to represent a set of points defined in an n-dimensional space by a human
perceivable configuration of the data in a lower m-dimensional space (m =2 or 3), which is

called either display space or non-linear map. NLM tries to preserve distances between
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points in the display as similar as possible to the actual distances in the original space. The

procedure for performing this transformation can be summarised as follows
1.

[63].

Interpoint distances in the original space d; are computed. The Euclidian distance is
the most widely used. Nevertheless, it has been stressed that any distance measure
would be suitable for non-linear mapping as long as it is monotonic and the

derivative of the mapping error (E) exists *728,

An initial configuration of the points in the display space is chosen. Most often, the
coordinates of points in the display space are set in a random manner ©%,
Calculations are performed from several initial configurations to avoid the trapping
in local minima which would lead to erroneous conclusions “?.Sammon [¥
underlined that ‘in practice the initial configuration ... is found by projecting the L-
dimensional data orthogonally onto a d-space spanned by d original coordinates with
the largest variances’. Thus, several authors have proposed to use the coordinates of
points on the first principal components (PCs) as initial configuration. However, it is
always highly recommended to perform several trials either with random

configurations or with the other PC coordinates 4.

A mapping error (E) is calculated from distances in the two spaces. The original

[44]

mapping error (E) calculation for NLM was devised by Sammon "™ on the basis of

Euclidian distance but many other error formulae have been devised 7).

The coordinates of the points in the display space are iteratively modified by means
of a non-linear procedure so as to minimise the mapping error. The various NLM

algorithms available in the literature also differ in the way of minimising the error
(28,44,59-62]

The algorithm terminates when no significant decrease in the mapping error is

obtained over the course of several iterations.
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Figure 2: Non linear mapping
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The non-linear mapping display confirms the results obtained by PCA, and shows that
octanol, toluene, chlorinated hydrocarbons and hydrocarbons, have significantly different

coefficients and can be used for LFER deScriptor estimation.

IV-5.5 Cos Theta

In this approach, the five LFER coefficients are used as vector components "®. The
analogy between the equations is evaluated using the scalar product of the vectors and the
difference in the five coefficients, is quantified by these unit vectors.

0 is defined as the angle between two vectors, themselves defined by the coefficients of
two solvation equations, SP1 and SP2, such that if the dependent variable in SP1 is well
correlated with that in SP2 then 0 is near zero. However, if the two dependent variables are
not well correlated then 0 deviates from zero. Since © can be calculated from the
coefficients in SP1 and SP2, the method is extremely convenient. In Table 3 are given

values of 0 obtained by the method of Ishiraha and Asakawa 1%,
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Table 3: 0 values
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Octanol 0.00] 3168 31.98] 29.26 28.68 29.02| 25.55| 6.48 862| 766] 12.85] 13.95
Dichloromethane | 31.68] 0.00 6.09| 14.34 1365 13.94| 8.57| 2029 25.82| 29.90] 21.19] 42.51
[Trichloromethane | 31.98| 6.09 0.00| 1233 11.88 11.85] 9.49| 30.47 26.41]| 3134} 23.25| 44.13
Hexane 29.28| 14.34 1233| 000 127 1.62| 8.85| 2659 21.82] 30.43] 20.93| 41.26
Hexadecane 28.68| 1365 11.88| 127 0.00 100 7.77| 2594 21.20| 2958} 20.14]| 40.59
Cyclohexane 29.02] 13.94 1185| 162 1.00 0.00| 8.21| 2641 21.62| 29.95] 20.73]| 41.03
Toluene 2555 857 949| 885 7.77 821 0.00| 2268 18.61] 24.71] 15.36| 36.79
Diisopropylether 648 29.28 30.47] 26.59 2594 2641| 2268| 0.00 5.05| 7.93| 8.56| 14.69
Dibutylether 8.62] 2582 2642 2182 2120 2162| 1861| 5.05 0.00] 1089] 7.19{ 19.53
Ethyl acetate 7.31 3348 33.43] 28.58 27.99 28.201 26.12| 8.07 8.73] 0.00( 15.08} 15.60
PGDP 12.85] 21.19 23.25]| 20.93 20.14 20.73] 15.36| 8.56 7.19| 11291 0.00] 21.85
Tributylphosphate | 13.95{ 42.51 44.13| 41.26 40.59 41.03] 36.79| 14.69 19.53| 13.47| 21.85] 0.00

IV-5.6 Results

It has been confirmed with all five ‘approaches’, that:

1-  Octanol

2-  Chloroform OR dichloromethane

3-  Cyclohexane OR hexane

4-  Toluene

have markedly different coefficients in the solvation equation and therefore are appropriate

for descriptor estimation.

Some small advantages can be found in using chloroform and cyclohexane over,

respectively, dichloromethane and hexane, for instance:

¢ Boiling point: chloroform (61°) > dichloromethane (40°)

¢ Boiling point: cyclohexane (81°) > hexane (69°)

However, in this work, due to a greater availability of dichloromethane and hexane

solubility data, those solvents were preferred for the determination of LFER descriptors.
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Proposed solvent systems:

. Octanol

° Dichloromethane

. Toluene

. Hexane

REFERENCES

1-  W.P.Gardiner, ‘Multivariate analysis methods in chemistry’, Glasgow Caledonian
University, UK, p.298-311 (1997)

2-  M.H.Abraham, J.C.McGowan, Chromatographia, 23, 243-246(1987)

3- M.H.Abraham, G.S.Whiting,” R.M.Doherty, W.J.Shuely, J.Chemical.Soc., Perkin
Trans., 1451-1460(1990)

4-  P.Havelec, J.G.K.Sevcik, J.Phys.Chemical.Ref.Data, 25, 1483-1493(1996)

5- GXKlopman, J.Y.Li, S.Wang, M.Dimaguya, J.Chemical.Inf.Comput.Sci., 34, 752-
781(1994)

6- GXKlopman, S.Wang, D.M.Balthasar, J.Chemical.Inf.Comput.Sci., 32, 474-
482(1992)

7-  V.N.Viswanadhan, A K.Ghose, G.R.Revankar, R.K.Robins, J.Chemical.Inf.Comput.
Sci., 29, 163-172(1989)

8- J.APlatts, D.Butina, M.H.Abraham., A.Hersey, J.Chem.Info.Comp.sci., 39(5):835-
845(1999)

9-  J.A.Platts, M.H.Abraham, D.Butina, A.Hersey, Journal of chemical information and
computer sciences, vol.40, No.1, 71-80(2000)

10- D.Weiniger, SMILES, A chemical language and information system,
J.Chemical.Inf.Comput.Sci., 28, 31-36(1988)

11- Environmental Fate Database, Chemfate, http://esc.syrres.com/

12-  K.Reddy and M.Locke, Chemosphere, 28 (11):1929-1941 (1994)

13- A.F.Carley and P.H.Morgan, Computational methods in the chemical sciences, Ellis

Horwood (1989)

77


http://esc.syrres.com/

14-

15-

16-

17-

18-

23-

24-

25-

26-

27-

28-

29-

30-

31-

J.W.Sammon Jr, A non-linear mapping for data structure analysis, IEEE transactions
on computers, vol. C18, No. 5(1969)

W.P.Gardiner, ‘Multivariate analysis methods in chemistry’, Glasgow Caledonian
University, UK, p.298-311 (1997)

M.H.Abraham, C.Terlner, M.Roses, Y.Rafols, Y.Ishihama, J.Chrom.A, 752, 243-
249(1996)

Y Ishihama and N.Asakawa, Characterisation of lipophilicity scales using vectors
from solvation energy descriptors, Journal of pharmaceutical sciences(1999) '

A M.Zissimos, M.H.Abraham M.C.Barker, K.J.Box and K.Y.Tam, J.Chem.Soc.,
Perkin Trans.2, 470-477(2002)

J.A Nelder and R.Mead, Comput.J., 7,308(1965)

S.Wold, Kemisk Tidskrift,3,34(1972)

S.Wold, Svensk Naturventenskap,200(1974)

C.Albano, L11.Dunn, W.Edlund, B.Johansson, B.Norden, M.Sjostrom and S.Wold,
Anal.Chim.Acta, 103,429-436(1978)

K.Varmuza, Pattern recognition in chemistry, Lecture Notes in chemistry, Springer-
Verlag, Berlin, 268 (1978)

P.J.Lewi, Multivariate data analysis in industrial practice, Research studies press,
244(1982)

M.A.Sharaf, D.L.Illman and B.R.Kowalski, Chemometrics, John Wiley and Sons,
NY, 332(1986) '

D.L.Massart, B.G.M.Vandeginste, S.N.Deming, Y.Michotte and L.Kaufman,
Chemometrics-A textbook, Elsevier publishers, Amsterdam, 488 (1988)
B.R.Kowalski and C.F.Bender, J.Am.Chem.Soc., 94,5632-5639(1972)

B.R.Kowalski and C.F.Bender, J.Am.Chem.Soc., 95,686-692(1973)

M.Sjostrom and B.R.Kowalski, Anal.Chim.Acta, 112, 11-30(1979)

V.Zitko, Multidimensional data display by non-linear mapping, Canadian Technical
Report or Fisheries and Aquatic Sciences, No. 1428(1986)

G.Rauret, R.Rubio,F.X.Rius, and M.S.Larrechi, J.Env.Anal.Chem., 32, 255-
268(1988)

78



32-

33-

34-

35-

36-

37-

38-

39-

40-

41-

42-
43-

45-

46-

47-

48-

S.P.Vriend, P.F.M.van Gaans, J.Middelburg, and A.de Nijs, Appl.Geochem.,3,213-

- 224(1988)

J .K.Nichblson and I.D.Wilson, Prog.NMR spectroscopy, 21, 449-501(1989)

X Fang, B.Yu, B.Xiang, and D.An, J.Chrom., 514, 287-292(1990)

R.Henrion, G.Henrion, P.Heininger and G.Steppuhn, J.Anal.Chem., 33 6,37(1990)
V.S.Rose, R.M.Hyde and H.J.H. MacFie, J.Chemometrics, 4, 355-360(1990)
D.Domine, J.Devillers and M.Chastrette, J.Med.Chem., 37, 973-980(1994)

B.Treiger, I.Bondarenko, P.van Espen, R.van Gricken and F.Adam, Analyst,
1 19,971-974(1 994) _

H.Budzinski, P.Garrigues, J.Connan, J.Devillers, D.Domine, MRadke and
J.L.Oudin, Geochim.Cosmochim., Acta, 59, 2043-2056(1995)

J.P.Court, R.C.Murgatroyd, D.Livingstone and E.Rahr, Mol.Biochem.Parasitol., 27,
101-108(1998)

D.J.Livingstone, M.G.Ford and D.S.Buckley, in. Neurotox’88: Molecular basis of
drug and pesticide action (G.G.Lunt, Ed.).Elsevier Science Publishers, Amsterdam,
p-483-495(1988) _

B.Hudson, D.J.Livingstone and E.Rahr, J.Comp.Aided Mol.Des., 3, 55-65(1989)
D.J.Livingstone, Pest.Sci., 27, 287-304 (1989)

D.Domine, J.Devillers, M.Chastrette and W.Karcher, J.Chemometrics, 7,227-
242(1993)

D.Domine, J.Devillers and M.Chastrette, J. Med.Chem., 37, 981-987(1994)
D.Domine, J.Devillers, P.Garrigues, H.Budzinski, M..Chastrette and W .Karcher,
Sci.Total Env., 155, 9-24(1994)

D.Domine, J.Devillers, M.Chastrette and W.Karcher, Combined use of linear and
non-linear multivariate analysis * is structure-activity studies: Application to
chemoreception. In Computer-aided molecular design, Applications in
agrochemicals, materials and pharmaceuticals (C.H.Reynolds, M.K.Holloway and
HXK.Cox, Eds). ACS Sympoéium Series 589, American Chemical Society,
Washington, DC, 267-280(1995)

M.Chastrette, J.Devillers, D.Doﬁline and J.Y de St Laumer, New tools for the

selection and critical analysis of large collection of data. IN new data Challenges in

79



49-
50-

51-

52-
53-
54-

55-
56-
57-

58-
59-

60-

61-
62-

63-

our information age. 13" International CODATA conference, Beijing, China, Oct.
1992 (P.S.Glaser, M.T L Millward, Eds), CODATA Ann Arbor, C29-C35(1994)
J.Devillers, D.Domine and S.Binstein, QSAR Env.Res., 2,261-270(1994)

J.Devillers, Display in multivariate data using non-linear mapping. In Chemometrics
methods in molecular design (H van de Waterbeemd, Ed.). VCH, Weinheim, 255-
263(1995)

J.Devillers and D.Domine, Deriving structure-chemoreception relationships from the
combined use of linear and non-linear multivariate analysis. In QSAR and molecular
modelling: concepts, computational tools and biological applications (F.Sanz,
J.Giraldo and F.Manaut, Eds). J.R.Prous Scince Publishers. Barcelona, 57-60(1995)
D.Domine and J.Devillers, QSAR Env.Res., 4, 51-54(1995) ’
P.J.Goodford, J.Med.Chem., 19, 1239-1247(1976)

M.L.De Winter, Significant fragment mapping: lead generation by substructural
analysis. In Quantitative approaches to drug design (J.C.Dearden, Ed.). Elsevier,
Amsterdam, 286-287(1983)

B.W.Clare, J.Med.Chem., 33, 687-702(1990)

M.G.Ford and D.J.Livingstone, Quant.Struct.Act.Rel., 9, 107-114(1990)

D.J Livingstone, D.A.Evans, M.R.Saunders, J.Chem.Soc.Perkin Trans. 2, 1545-
1550(1992)

J.W.Sammon, IEEE Trans. Comp., C-18, 401-409(1969)

E.Polak, Computational methods in optimisation, a unified approach, Academic
Press, NY(1971)

B.S.Everitt, Graphical techniques for multivariate data. Heinemann Educational
Books, London, 117(1978)

R.W Klein and R.C.Dubes, Pattern Recognition, 22, 213-220(1989)

D.Hamad and M.Betrouni, Artificial neural networks for non-linear projection and
exploratory data analysis. In Artificial neural nets and genetic algorithms
(D.W Pearson, N.C.Steele, and R.F. Albrecht, Eds.). Springer-Verlag, Wien, 164-167
(1995)

J.Devillers, Neural networks in QSAR and drug design, Academic Press(1996)

80



CHAPTERYV:
AGROCHEMICAL LFER PROFILE: EXPERIMENTAL WORK

53 agrochemicals belonging to 14 chemical classes were selected from the Pesticide
Manual, and their organic/aqueous partition coefficients measured in four
solvents/water systems using the solvents: octanol, dichloromethane, hexane and
toluene. Based on these results, experimental LFER descriptors were determined and
shown to be reliable for the prediction of physico-chemical properties impdrtant in

determining the environmental fate of agrochemicals.

V-1 The dataset

The 12% edition of the Pesticide Manual ™ contains 1410 compounds, divided into 159
chemical classes and a large number of ‘unclassified’ compounds, thereby illustrating
the diversity of agrochemicals. In this work, the LFER profile was based on carefully
selected chemical classes and compounds, in order to obtain a dataset as representative
as possible of such an eclectic group of chemicals.The final dataset is composed of 53
compounds belonging to 14 chemical classes (c.f. Table 1), selected amongst the 1410
compounds present in the Pesticide Manual, 12 ed. As previously mentioned, one of
the criteria to develop a ‘good QSAR’ (c.f. chapter II-1) is to assemble a consistent
representative dataset.

Table 1: Chemical classes and compounds
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To this end, the chemical classes were selected in order to be representative of the
chemistry used in crop protection, including for instance, the phenylureas (common
herbicides) introduced in the 1950°s, and more recent distinctly different types of
chemistry containing the urea function such as sulfonyl- and benzoylureas (end of
1990’s). Modern pesticides includé compounds such as the strobilurins, introduced in
the 1990°s by Zeneca Agrochemicals, used as fungicides, but ‘old’ compounds based on
organophosphorus and organochlorine chemistry were excluded. The compounds in
each chemical class were selected in order to represent a panel of ‘substitutions’
available in each of them. In addition, a log Poct value range as wide as possible was
covered. The log Poct values of the compounds present in the dataset range from -0.99
(chlorsulfuron) to 7.00 (lambda-cyhalothrin), the Pesticide Manual, 12% ed. range being
—6.60 to 8.40.
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Figure 1: Agrochemical dataset log Poet values
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Another criterion considered for selection was the range of experimental descriptor
values covered by the dataset. The descriptors were therefore pre-estimated using the
fragment addition method  described in chapter IV and the following histograms were

plotted in order to verity that the whole range was covered.

Figure 2: Comparison of descriptor value distribution
Pesticide manual 12th ed. UNIX descriptor value

Dataset UNIX descriptor value
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Finally, the dataset contains a certain number of acids and bases and their pKa were

gathered in table 2.

Table 2: pKa values in the agrochemical dataset

JvaiotrtHiii

cyanazine 1.50 0.63 very weak base
atra’e 168 1.70 very weak base
simazine 1.80 1.62 very weak base
terbuthylazine 200 very weak base
dimethirimol 4.80 weak base
ethirimol 4.81 5.30 5.00 weak base
cyprodinil 4.36 4.44 weak base
bupirimate 4.38 weak base
pyrimethanil 4.01 3.52 weak base
chlorsulfuron 3.63 3.60 weak acid
prosutfuron 3.76 weak acid
imazosutfuron 4.00 weak acid
chlorfluazuron 10.80 8.10 very weak acid
pirimicarb 4.34 4.44 weak base
fluazinam 6.81 acid

fomesafen 2.67 3.09 2.67 acid

V-2 Measurements

In the experimental estimation of the LFER descriptors, four log P values (octanol,
chloroform, cyciohexane, toluene) are required to use the regression approach
developed by Zissimos et al. whereas any three or more systems with different sets
of LFER coefficients can be used in the Triple X, Descfit and Solver methods (c.f.
Chapter IV-2). The solvent systems selected for this work in chapter IV-5 for LFER
descriptor estimation are octanol, dichloromethane, hexane and toluene. For each of the
53 compounds of the dataset, log Poet was measured by a Zeneca/Syngenta developed
method using an octanol coated HPLC column and an octanol saturated aqueous buffer,
as well as via a GSK developed method based on the Chromatography Hydrophobicity
Index (CHI). A micro-shake flask method was developed in order to measure the
remaining log P values. In addition, the aqueous solubility of each compound was

measured.
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V-2.1 Log Poct by HPLC octanol coated column

Method:
Octanol-water partition coefficients (logPoct) were measured by an HPLC method using
reverse phase columns coated with octanol, the general principles of which have been

described in the literature &,

Equipment:

e Waters HPLC system (model 510 isocratic pump, model 717 Autosampler with
thermostat, model 490 four-wavelength detector) )

e BBC SE460 four-pen chart recorder

e Spectra-Physics Chromjet integrator

e Hichrom columns (Hichrom HI-RPB C8/C18 multi-alkyl column designed for
reverse-phase separation of basic molecules, Sum particle size, lcm x 3 mm i.d.
cartridge column — Hichrom cat.No.HIRPB-10C5)

e Agqueous mobile phase typically containing sodium hydrogen phosphate (20mM)
adjusted to pH 7 with hydrochloric acid, saturated with 1-octanol (Aldrich, HPLC
grade)

Columns were prepared for log Poct measurement by physically coating with octanol
via insertion of an unpacked stainless steel column (S5cm)containing 1-octanol (~0.1 ml)
in series prior to the packed column, elution of excess octanol and subsequent removal

of the unpacked column. Peak detection was at 210, 230, 250 or 270 nm.

Measurements:

Anisole (logP =2.11, Aldrich, >99% purity) was used as the primary standard.
Additional standards are ethyl benzoate (log P=2.70, Aldrich, >99% purity),
acetophenone (log P=1.58, Aldrich 99% purity), p-chlorotoluene (log P=3.33, Aldrich,
98% purity), benzyl alcohol (log P=1.10, Aldrich, >99% purity) and benzamide (log
P=0.65, Aldrich, >99%). Sodium nitrate (Aldrich, >99% purity) was used as the
unretained standard. ' |

Examples of log Poct calculations are given in table 3:
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Table 3: Example of logPoct calculations

Compound

e

anisole/NaN03

standards
ethyl benzoate
acetophenone
chlorotoiuene
compounds
tebuconazole

kresoxim-methyl

cyprodinil
cyanazine
chlorotoluron
pyrimethanil

Obttrvtd

Fil'(pmfin)

0.54

1.77
0.17
10.51

17.00
11.76

36.77
0.51
1.03
2.89

RT (mint) "
mRTob8.-ftT1iiNOa  Blog RTmatt.

0.01

-R Z

0.53

1.76
0.16
10.50

16.99

11.75

36.76
0.50
1.02
2.88

iOfIRT

.
9

0.52
-0.52
1.30

1.51
1.35
1.84
-0.03
0.28
0.74

'logRT-logPNtNOS

2.11

2.63
1.59
341

3.62
3.46
3.95
2.08
2.39
2.85

Partition coefficient values ranging from 0.5 to 4.0 can be usually obtained. Problems

arose for the measurement of log Poet of a few agrochemicals, such as diphenyl ethers,

2,6-dinitroanilines and thiocarbamates, with literature log Poet value above the readily

measurable range. As a result, literature data

Table 4: Measured log Poet versus literature log Poet

compound
azoxystrobin
kresoxim-methyl
picoxystrobin
trifloxystrobin
Acetochlor
propachlor
Dichlormid
fluorochloridone
Cyanazine
Simazine
Atrazine
terbuthylazine
Fthirinol
Bubirimate
pyrimethanil
Cyorodinil
Vletalaxyl
Furalaxyl

napropamide

log~octobs.
2.57
3.50
3.79
4.50
3.02
2.18
1.78
3.33
2.13
2.14
2.58
3.21
1.87
2.28
3.49
2.86
3.94
1.61
2.63
3.32

PM
2.50
3.40
3.60
4.50
4.14

1.4-2.3

1.84
3.36
2.10
2.10
2.50
321
1.90
2.30
3.90
2.84
3.90
1.75
2.70
3.30

TSRT
2.50

3.03 *

3.36 *
222 *
218 *
2.61 *
3.06 *
1.90 *
220 -
2.70 »
4.00 *

1.65 *
2.61 *
3.36 *

compound
carbaryl
fenoxycarb
cart>etamide
tri-allate
prosulfocarb
fluometuron
chlorotoluron
diuron
fenuron
chlorsulfuron
prosulfuron
imazosutfuron
diflubenzuron
hexaflumuron
chlorfluazuron
fomesafen
oxyfluorfen

bifenox
fluazifop-butyl

log Poet obs.
2.29
1.71
4.28
1.68
4.94
4.17
2.36
2.43
2.75
0.99
1.89
1.97

3.87

were used after careful selection.

1.85
1.70
4.07

4.60
4.65
2.38
2.50

MC
2.36
1.70

4.60

2.42
241

2.82/2.88 2.68 -

-0.99
-0.76
0.05
3.89
5.68
5.80
<22
4.47
4.50
4.50

0.98
1.79

0.05
3.88
5.68
5.80
3.00
4.70
4.47
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Isoxaben 3.92 394 394 % Fuazinam 5.69 356 327
diphenamid 2.28 trifluralin 483 507 *
Hutriafol 2.30 230 230 * Hunetralin
tebuconazole 3.67 370  3.70 * permethrin 610 6.50
hexaconazole 3.87 390 390 * tefluthrin 6.40 6.00 *
paclobutrazol 3.14 320 320 cypermethrin 6.60 6.05 *
lambda-cyhalothrin 7.00
Where PM Pesticide Manual 12” edition,
MC MedChem database 2001
* log P star value
Figure 3: Literature log Poet versus measured log Poet
Measured log Poet versus literature log Poet
600 R =0 8345
5.00 =0.9149
400 pyrimethanil fluazinam
¢ PM 12th ed.
0 —
m MedChem 00
£ 2.00
b + outliers PM 12th
000 m outliers MedChemOO
100 20 3.00 4.00 5.00 600
-100- prosutfuron
200 chlorsulfuron

measured log Poet

Figure 3 shows a comparison between the octanol-water partition coefficient measured
on HPLC octanol coated columns and literature values. The correlation coefficient
values indicate that on the whole the MedChem 2001 data are closer to the experimental
log Poet than the Pesticide Manual values. Pyrimethanil and bupirimate (pyrimidines)
are obvious outliers for the MedChem 01 set, and prosulfuron, chlorsulfuron
(sulfonylureas) and fluazinam (2,6-dinitroaniline) for the Pesticide Manual 12" ed.
Preference was well given to the values measured at Syngenta, as the method was

validated and replicate measurements were carried out.
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Table 5: log Poct outliers

Pesticide Manual MedChem Measured
Pyrimethanil 2.84 4.00 2.87
Bupirimate 3.90 2.70 3.87
Prosulfuron -0.76 - 1.97
Chlorsulfuron -0.99 179 T 199
Fluazinam 3.56 3.27 5.69

A potential source of error in the determination of log Poct values for acids and bases is
the pH at which the measurement was carried out. For instance, fluazinam is an acid
with a measured pKa of 6.81. At pH 7, the compound will be slightly ionised, therefore
the measurement should be carried out at a lower buffer pH value where the compound
is present in its neutral form. When the octanol-water partition coefficient is measured
at a pH other than 7, the value is refered to as ‘log D’. Corrections can be made to
obtain log P values:

Foracids:  log P =log D — log [(10°%2PH)/(1+10PKe PHy]

Forbases:  log P =log D —log [(10°H #%%)/(1+10P" X))

Using again the example of fluazinam:

PH logD log P
Not ionised 2.5 5.69 5.69
Slightly ionised 7.13 5.20 5.69
Very ionised 8.62 4.26 5.69

Another chemical class for which the octanol-water partition could not be measured was -
the pyrethroids. These insecticides are lipophilic and most commercial compounds have
logPoct >6.0. Measurements of these very high values is extremely difficult; commonly
used methods such as shakeflask partition, retention on octanol column and calculation
from Chromatography Hydrophobicity Index (CHI) values are unreliable for log Poct
>5.0. The structure of the pyrethroids lends themselves to reliable calculation as they
have relatively low polarity; they consist of a central polar region (an ester with/without

a cyano group) and two polar ‘wings’ (c.f. Chapter V-1, Figure 1). In some unpublished
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work, T.Fraser (12)

two, an acid half and an alcohol half and adding a constant.
Log P (ester) =log P (acid) + log P (alcohol) + constant

(V-1)

Four simple esters were selected as models in order to estimate the constant:

Table 6: Estimation of constant for pyrethroid log Poct calculation

estimated the log Poct for pyrethroids by dividing the molecules in

Esfer Log Poct Alcohol log Poct Acid log Poct Constant
Ethyl acetate 0.73 -0.17 -0.31 1.21
Propyl acetate 1.24 -0.17 ‘0.25 1.16
Butyl acetate 1.78 -0.17 0.71 1.07
Ethyl propionate 121 2031 033 1.19
Average value for constant 1.16

These model compounds are much more polar than the pyrethroids, so it is important to

check that the assumption that the method of estimation, especially the derived constant,

is valid for much more lipophilic compounds. A further potential complication lies in

the effect of the polar alpha cyano group, close to the central ester.

Reliable measured values for the acid and alcohol parts of pyrethroids were taken from

the Syngenta database and log P oct values were calculated as follow:

For tefluthrin: Log P ester = log P acid + log P alcohol + constant

Log P ester=3.40+2.12 +1.16

Log P ester = 6.68 against a measured value of 6.50 in PM 12% ed.

Table 7: Estimated pyrethroids log Poct

Estimated log Poct

Pyrethroids Acid log Poct Alcohol log Poct

Permethrin 3.33 2.94 743
Cypermethrin 3.44 3.11 7.71
A-cyhalothrin 3.73 3.11 8.00
Esfenvalerate 338 3.11 7.65
Deltamethrin 3.67 3.11 7.94
Bifenthrin 3.73 3.33 822
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. Table 8: Comparison of estimated pyrethroids log Poct

Pyrethroids Estimated log Poct ClogP Pesticide Manual
Permethrin 743 7.12 6.10
Cypermethrin 7.1 6.35 6.60
A-cyhalothrin 8.00 6.28 7.00
Esfenvalerate 7.65 6.80 6.22
Deltamethrin 7.94 6.53 - 4.60
Bifenthrin 8.22 7.28 >6.0

The estimated values are generally much higher than those obtained using the auto-
calculation program ClogP 131 ClogP gave low values for all model compounds used
for estimation, and their acid and alcohol halves. This estimation method also suggests
that some of the measured data from the Pesticide Manual is low again indicating the

limitations of experimental methods for compounds with log Poct >5.
V-2.2 Log Poct using CHI

Method:

An alternative to the direct measurement of log Poct by HPLC, is its estimation using
the Chromatography Hydrophobicity Index (CHI) lipophilicity scale developed by
Klara Valko et al®! which can be measured via rapid gradient RP-HPLC with
acetonitrile (CHIzcn). '

The major difference between log Poct and CHIacy scales is their sensitivity towards

the hydrogen bond acidity (EocH2 or A) of the compounds. The CHIxcn values of the

uncharged (neutral) compounds are measured and ZaHg can be estimated using a
fragment addition method (UNIX or Absolv) or experimentally (using MS Excel
Solver). Log Poct can then be obtained using the following equation, derived from the
data of 86 diverse compounds :

Log Poct =0.054 CHIscn + 1319 A - 1.877 (V-2)

n=86 r=0970 sd=029  F=655
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If the hydrogen bond acidity, A, is not available, the hydrogen bond count (HBC) can

give an acceptable log Poet estimate using the following equation:

Log Poet = 0.047 CHIacn + 0.36 HBC - 1.10 (V-3)
n= 86 I=0.943 sd=0.39 F =336
Equipment:

*  Waters Alliance model 2790

*  Waters model 996 photodiode array detector

 Column: 5cm x 4.6mm (i.d.), stainless steel packed with S5pm Luna CI8
Phenomenex. Packing material is endcapped to remove exposed silanols.

* Detection at 240, 270 and 300 nm

* Flow rate = 2.0 ml/min

* Temperature: Autosampler 20degC, Column 40degC

* Injection volume = 3 pis

* Buffer: 50mM ammonium phosphate aqueous buffer pH 2, 7 and 10.

* Qradient: as shown in Table 7.

Table 9: HPLC gradient for CHI measurements

% aqueous
0.00 0 100
0.50 0 100
3.00 100 0
3.50 100 0
3.70 0 100
4.50 0 100

Measurements:
Standard solutions were injected and their retention time was plotted against their

literature CHI value
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Table 10: Standard compounds for CHI measurements

.. ekipH7 CMIplE2  CHHIO thppim wiYsiaALmik" mpufdtV"
. b
Theophylline 18.4 179 5.0 Aldrich white solid 98%

(1,3-dimethylxanttiine)

Benzimidazole 34.3 6.3 30.6 Fkjka brown solid >98%
Colchicine 43.9 43.9 439 Huka white solid >97%
Phenyltheophylline 51.7 51.7 51.7 Aldrich white solid 98%

Indole 721 721 721 Aldrich white solid >99%
Propiophenone 784 774 77.4 Aldrich dear oil 9%

Butyrophenone 873 87.3 87.3 Aldrich clear oil >99%
Valerophenone 96.4 96.4 96.4 Aldrich dear oil 9%

The CHIacn being dependent on pH, the measurements were carried out at pH 2, 7 and
10. The retention times of theophylline and benzimidazole vary with pH, due to their
pKa, and so will the retention times of any compound that is a proton base or a proton

acid, therefore care should be taken in choosing the right pH for CHI measurements.

Figure 5: Calibration of CHI regression
CALIBRATION OF CHI REGRESSION @ pH 7.04

120.00
100,00 -
80.00 -
5 60.00-
y-54.764X-47.298
40.00 - R2. 0.9944

20.00 -

000
1.00 120 140 1.60 1.0 200 220 240 2.60 2,80

Rt (min)
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CALIBRATION OF CHI REGRESSION @ pH 2

y = 58.274x - 43,698
R? = 09501

— T = e

1.00 1.20 1.40 1.60 1.80 2,00 220 240 260
Rt (min)

CALIBRATION OF CHI REGRESSION @ pH 10.5

y= 57.014x - 62,814
R? = 0.0673

0.0 — . . : : S
100 120 140 160 180 200 220 240 260 280

Rt (min)

The slope and the intercept of the trendline were used to convert the retention times of
new compounds into CHI values. The correlation coefficient, r", should be higher than
0.99 in 6rder to obtain an accurate estimation of CHI. As previously mentioned, the
retention time of acids and bases, and therefore CHI values, varies with pH. A base will
be ionised at pH below its pKa, and in its neutral form above. Basic compounds are
retained longer on C18 columns in their neutral form than in their ionised form,
therefore their CHI values will increase with increasing pH. On the other hand, an acid
will be in its neutral form at pH below its pKa and ionised above. Therefore, its CHI
value will decrease with increasing pH. It is, however, important to note that the mobile

phase used in these measurements is an acetonitrile:buffer mixture, therefore there is no
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direct correlation between the pH of ionisation/protonation of a compound and the
thermodynamic pKa, which is obtained with a 100% aqueous mobile phase, but the

latter value can nevertheless be a good indicator.

1,3,5-Triazines are weak bases but have a pKa below 2 and are in their neutral form at
the 3 pH’s used. However, pyrimidines, also bases, but with a pKa around 4.3-4.S, will
be ionised at pH 2. Consequently, the octanol partition coefficient should be estimated
from the CHI values obtained at pH 7 and 10. Sulfonylureas are acids with pKa around
3.6-4.0; as a result, CHI at pH 2, where these compounds are neutral, will give the

correct log Poet value.

For the standards used CHI values range from 5 to 96.4, and the hydrogen bond acidity,
A, from 0.00 to 2.10 (c.f. Chapter III-2.5 Table 4), therefore, in theory, the range of log
Poet values that can be obtained via CHI is -1.61 to 6.10. However, in practice, a CHI
value greater than 120 implies that the compound is completely retained by the column
and is actually eluted with acetonitrile at the end of the gradient run. The log Poet
thereby obtained only represents a minimum value, as it is the case for the pyrethroids

in the dataset.

Table 11; CHI measurement results

minty. Nb.pfyWu## Compound \ C¢ CMdb#/ Né&ofviluts
azoxystrobin 86.1 4 Carbaryl 68.5 3
kresoxim-methyl 99.4 3 Pirimicarb 70.1 3
picoxystrebin 99.7 3 fenoxycarb 92.9 3
trifloxystrobin 108.5 3 carbetamide 54.8 2
acetochtor 96.7 3 tri-allate 122.9 2
propachicVE 713 2 3rosulfocarb 114.0 1
dichlormid 74.9 1 fluometuron 69.6 2
fluorochloridone 94.0 2 chlorotoluron 68.4 2
cyanazme 61.3 2 djuron 72.7 4
simazine 60.9 2 fenuron 42.8 1
atrazine 724 3 chlorsulfuron 30.6 2
terbuthylazine 96.4 2 prosulfuron 484 2
dimethirimol 52.9 3 imazosulfuron 36.4 2
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ethirimol
bupirimate
pyrimethanil
cyprodinil
metalaxyl
furaiaxyl
napropamide
isoxaben
diphenamid
flutriafbl
tebuconazole
hexaconazole

paclobutrazol

54.3
543
84.5
98.5
714
834
91.3
90.1
78.4
67.4
89.1
92.5
79.6

NN NNN -

W W AN

Table 12: Calculation of log Poet from CHI values

azoxystrobin

kresoxim-methyl

picoxystrobin
trifloxystrobin
acetochior
propachlor
dichlormid
flurochloridone
cyanazine
simazine
atrazine
terbuthylazine
ethirimol
bupirimate
pyrimethanil
cyprodinil
metalaxyl
furaiaxyl
napropamide
Isoxatyen
diphenamid
flutriafol
tebuconazole
hexaconazole

0.00
0.00
0.00
0.00
0.02
1.26
0.87
0.04
0.00
0.00
0.00
0.00
0.33
0.52
0.20
1.92
0.20
0.00
0.00
0.00
0.48
0.00
0.35
0.35
0.35

0.00
0.00
0.00
0.00
0.02
1.10
0.76
0.03
0.18
0.18
0.18
0.18
0.61
0.70
0.20
17
0.20
0.00
0.00
0.00
0.46
0.00
0.42
0.34
0.38

86.1
99.4
99.7
108.6
96.7
71.3
74.9
94.0
61.3
60.9
96.4
84.4
52.9
54.3
54.3
84.5
98.5
71.4
83.4
91.3
90.1
78.6
67.4
89.1
92.5

diflubenzuron 91.5
hexafiumuron 102.9
chlorfluazuron 117.6
fbmesafen 66.8
oxyfluorfen 114.3
bifenox 107.0
fluazitbp-butyl 114.2
permethrin 128.9
tefluthrin 126.2
cypermethrin 124.0
lambda-cyhatothrin 122.8
fluazinam 101.4
triffuralin 118.5
flumetralin 116.6
/tea Poet
0 2.77 2.78
0 3.49 3.49
0 3.51 351
0 3.99 3.99
0 3.37 3.37
0 3.96 3.75
0 3.32 3.17
0 3.25 3.24
2 1.43 1.67
2 141 1.65
2 3.33 3.57
2 2.68 2.92
1 141 1.78
2 1.74 1.98
1 1.32 131
1 5.22 4.94
1 371 3.70
0 1.98 1.98
0 2.63 2.63
0 3.05 3.06
1 3.62 3.60
0 2.37 2.37
1 2.22 2.31
1 3.40 3.38
1 3.58 3.62

2.95
3.57
3.59
4.00
3.44
2.53
2.42
3.32
2.50
2.48
4.15
3.59
1.75
1.81
1.81
3.23
3.89
2.26
2.82
3.19
3.49
259
243
3.45
3.61

N W NN

NN NN NN N NN -

2.57
3.50
3.79
4.50
3.02
2.18
1.78
3.33
2.13
2.14
2.58
3.21
1.87
2.28
3.49
2.86
3.94
1.61
2.63
3.32
3.92
2.28
2.30
3.67
3.87
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paclobutrazol 0.35
carbaryl 0.26
pirimicarb 0.00
fenoxycarb 0.11

carbetamide 0.58
tri-allate 0.00
prosulfocarb 0.00
fluometuron 0.44
chlorotoluron 0.44
diuron 0.52
fenuron 0.36
chlorsulfuron 1.04
prosulfuron 1.04
imazosulfuron 1.04
diflubenzuron 1.04
hexafiumuron 1.21

chlorfluazuron 1.12
fomesafen 0.73
oxyfluorfen 0.00
bifenox 0.00
fluazifop-butyl 0.00
permethrin 0.00
tefluthrin 0.00
cypermethrin 0.02
lambda-cyhalothrin 0.02
fluazinam 0.18
trifluralin 0.00
flumetralin 1.84

Figure 7: Hydrogen bond count versus Hydrogen bond acidity

7.00

6.00

5.00

4.00

3.00

2.00

1.00

0.00

0.00

# log Poet HBA/Unix

m log Poet HBA/Absolv

AHBC

imazosulfuron

1.00

0.34
0.27
0.00
0.43
0.89
0.00
0.00
0.43
0.45
0.52
0.37
0.84
0.84
1.04
1.03
1.17
1.10
0.72
0.00
0.00
0.00
0.00
000
0.02
0@
0.14
0,00
1.73

atrazine

2.00

79.6
68.5
70.1
92.9
54.8
122.9
114.0
69.6
68.4
72.7
42.8
30.6
48.4
36.4
91.5
102.9
117.6
66.8
114.3
107.0
114.2
128.9
126.2
124.0
122.8
101.4
118.5
116.6

bupirimate

3.00 4.00
log Poet obs.

2.88
2.16
1.91
3.28
1.85
4.76
4.28
2.46
2.40
2.73
0.91
1.15
2.11
1.46
4.44
5.8
5.95
2.69
4.30
3.90
4.29
5.08
4.94
4.85
4.78
3.84
4.52
6.85

5.00

2.87
2.17
1.91
3.70
2.25
4.76
4.28
2.45
2.40
2.73
0.93
0.88
1.84
147
442
5.23
5.93
2.67
4.30
3.90
4.29
5.09
4.94
4.84
4.78
3.78
4.53
6.70

6.00

3.00 3.4
248 229
2.19 1.71
3.63 428
2.20 1.68
468  4.94
426 417
253 236
247 243
268 275
127 0.99
1.06 1.89
1.89 1.97
1.33 0.05
3.92 3.87
446  5.68
5.15 5.80
240 3.9
427
3.93 454
427
4.96
4.83
4.73
4.67
4.03 5.69
4.47
4.38
=0.7977
=0.7977
R2=0.7707
7.00
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All three calculations, using UNIX and Absolv hydrogen bond acidities and hydrogen

bond count, give similar estimations of octanol-water partition coefficient. Three main

outliers are imazosulfuron (sulfonylurea), atrazine (triazine) and bupirimate

(pyrimidine). The measured log Poct values for these compounds are consistent with

literature data, and the CHI measurements were repeated at least twice, and were

consistent with each other. Conclusions will be drawn with the estimation of the

experimental LFER descriptors in the following chapter.

Figure 8: CHI versus log Poct observed

140.0

4 L 4
120.0 L 4

¢
bupirimate

40.0
. y= 15.358x + 34.443
2
200 - chiorsuifuron R*=0.7005
1+ — —_ : - .
0.00 1.00 2.00 3.00 400 5.00 6.00 7.00

log Poct obs.

In her latest publication, K.Valko ! obtains the following correlations:

1- Using the UNIX hydrogen bond acidity
Log Poct = 0.054 CHIscn + 1.349 HBA — 1.877 V-4)
n =86, r* = 0.970, sd = 0.29, F = 655

2- Using the hydrogen bond count
log Poct = 0.047 CHlscn + 0.36 HBC -1.10 V-5)
n =86, r* = 0.943, sd = 0.39, F =336

The following correlations were obtained using the present measurements:

1- Using the UNIX hydrogen bond acidity
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Log Poct = 0.050 CHIxcy + 0.983 HBA — 1.339 (V-6)
n=39, 1> = 0.804, sd = 0.55, F = 73.66

2- Using the hydrogen bond count
log Poct = 0.051 CHIscn + 0.40 HBC —1.45 vV-7)
n=39,#=0.773,sd=0.59, F = 61 |

Although the coefficients of these correlations are of a similar order, the standard error
in equations V-6 and V-7 show a greater spread in the distribution of the data points, the
correlation coefficient coefficients and Fisher statistics lower than in equations V-4 and
V-5. The error can be explained by:

e Inaccuracy of log Poct data

e Inaccuracy of the CHlicn values measured

e Most of the compounds used by Valko et al. were pharmaceuticals, and the

method might not be as accurate using other compounds such as agrochemicals.

V-2.3 Log Ps by micro-shake flask

Method:
e 1000 (ng/ml) stock solution of the compound was made in acetonitrile.
e The aqueous phase was a 10 mM pH7 phosphate buffer

e Samples were prepared for different buffer:solvent ratios as follow:

Table 13:Micro-shake flask sample preparation

Buffer:solvent
ratio .
9:1 50uls stock solution in 1ml vial, evaporated under nitrogen stream, 900uls
buffer then 100uls solvent -
1:1 50uls stock solution in 1ml vial, evaporated under nitrogen stream, 500uls
buffer then 500uls solvent
1:9 50uls stock solution in 1ml vial, evaporated under nitrogen stream, 100uls
buffer then 900uls solvent
49:1 500uls stock solution in 10mls vial, evaporated under nitrogen stream, 9.8mls
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buffer then 200pls solvent

1:49 500uls stock solution in 10mls vial, evaporated under nitrogen stream, 200uls
buffer then 9.8mls solvent

N.B: 1 ml round-bottom vials were used for 9:1, 1:1, 1:9 buffer:DCM ratios, the solvent

forming a round layer at the bottom of the vial, due to surface tension.

The solutions were agitated for 2-3 minutes using the Gallenkamp Spinmi set on
auto, then roller-shaken for 2 hours

The 10mls solutions were transferred into a centrifuge tube and centrifuged for 10
minutes at 1500 rpm. The bottom 1ml (including the whole 200uls phase) was
transferred to 1ml vial with a pasteur pipette and centrifuged for 10 minutes at 1500
Ipm.

The 1ml solutions were centrifuged for 10 minutes at 150rpm.

At 1:1,1:9, 1:49 buffer:solvent ratios, 100uls solvent were extracted with a syringe,
care being taken not to contaminate it with any buffer, evaporated and diluted in
2mls acetonitrile:buffer HPLC mobile phase.

At 9:1, 49:1 buffer:solvent ratios, 50uls solvent were extracted with a syringe, care

. being taken not to contaminate it with any buffer, evaporated and diluted in 1ml

acetonitrile:buffer HPLC mobile phase.
Buffer layers were extracted with a syringe, car being taken not to contaminate it
with any solvent and injected without dilution onto the HPLC column.

The samples were analysed alongside standards of known concentration (1ppm and
10ppm)

Equipment (HPLC):

Waters HPLC system (model 510 isocratic pump, model 717 Autosampler with
thermostat, model 490 four-wavelength detector)

BBC SE460 four-pen chart recorder

Spectra-Physics Chromjet integrator

Peak detection at 210 and 230 nm

Columns: all 250mm x 4.6 mm i.d.

e ACE, C18 column, Sum particle size, endcapped octadecyl functional group
(Hichrom cat.No. ACE-121-2546)
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Waters Spherisorb S50DS column, S5pm particle size, endcapped octadecyl
functional group(Hichrom cat.No. SSODS2-250A)
Hichrom 5C18 column, 5pm particle size, endcapped octadecyl functional

group(Hichrom cat.No. HI-5C18-250A)

Method development and validation:
The micro-shake flask method is based on the traditional shake flask approach
Measurements were carried out using both methods in order to verify that the values

obtained were consistent.

Table 14: Shakeflask versus micro-shake flask

Compound Log P hexane Log P hexane
shake flask (I0mls) micFO-shake flask (Im1l)

azoxystrobin 0.98 0.92

Atrazine 0.61 0.53

In the development of the method, some inconsistencies in the results were observed
due to the usually low aqueous solubility of the compounds, relative to that in organic
solvent. As a result, the decision was taken to add the aqueous phase before the organic
phase , prior to sample agitation using the Gallenkamp Spinmi and roller-shaker.

Diuron, the properties of which are well established has been used to show the
consistency of the results at different buffer: solvent ratios and varying the roller-shaking
time. As no significant difference has been observed in the log P hexane and log P

toluene values at different roller-shaking times, the latter was set for two hours.

Table 15: Effects of buffer:solvent ratios and roller-shaking time on log Ps

Buffensolvent RoUer-shaldng
Log P toluene log P hexane

ratio time (hr)
I:1 1 1.66 -0.24
1:1 2 1.66 -0.22
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1:1 4 1.79 -0.12
1:4 1 1.61 -0.24
1:4 2 1.58 -0.24
1:4 4 1.66 -0.19
1:9 1 1.43 ‘ -0.22
1:9 2 1.46 -0.22
1:9 4 1.46 -0.22

Further work was carried out in order to ensure that the partition coefficient values
obtained from RP-HPLC peak heights were consistent with those obtained from peak
areas. A plot of log Ps from peak heights versus log Ps from peak areas using 7 different
compounds in the three different buffer:solvent systems was obtained with a correlation
coefficient of 0.9988, thereby illustrating the quality of analytical data and consistency
of the results.

Figure 9: HPLC peak area versus peak height

Log Ps: peak area versus peak height

4

y = 0.9728x
R® = 09988

— ¥ T T =

-2 -1 0.8 1 2 3 4

log Ps from peak helght
-l
o

log Ps from peak area

At high ratios, when only one phase could be retrieved, due to experimental difficulties,
the concentration in the missing phase was estimated by assuming total recovery of the
compound. The amount of compound originally introduced is 50uls of a 1000ppm stock
solution in a 1ml buffer:solvent mixture, therefore the combined amount of compound
in both phases should, in theory, be 50ppm. Again, measurements were carried out in

order that mass balance was obtained. Log Ps were calculated only when the amount of
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compound present in the measured phasé was no less than 5ppm and né greater than
45ppm, as results showed inconsistencies while using a single phase concentration
outside this range.
As an example, fenuron’s toluene-water partition coefficient was measured using a 9:1
ratio. The concentration of fenuron in the aqueous phase is 48.65 ppm and 64.51 ppm in
 toluene, therefore 43.79 ug is present in the 0.9ml buffer and 6.45 ug in the 0.1ml
toluene. Mass balance is achieved as the original amount of compound is recovered
(50.24 ug).

All peak areas measured at 210nm.

STD conc. (ppm) = 9.901
STD peak area = 135917
STD conc. (ppm) = 1.000
STD peak area = 86197
Ratio Peak | Dilution | Conc. Mass balance
Ph log P
buffer:toluene ase area factor (ppm) | partial total g
9:1 Aqueous | 199695 21 48.65 43.79 50.24 0.12
9:1 toluene | 44276 20 64.51 6.45

If the partition coefficient is measured using the concentration in the aqueous phase
only, then:
Log P = concentration in toluene /concentration in buffer
" LogP = (50-43.79)/43.79 |
LogP =0.12

The plot below (Figure 10) shows the partition coefficients values (dichloromethane,
toluene and hexane) obtained from the concentration ratio between both phases against
those obtained from partition experiments in which one phase only was analysed‘ and
assuming the recovery of the compound was complete.

The results show that, with a correlation coefficient of 0.81, using the concentration of
compound in one phase only to determine the partition coefficient give a reasonnable
estimate. In addition, one could observe that values obtained from a single phase
generally tend to give a lower rather than a higher estimate.
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Figure 10: log Ps using concentrations in one or both phases

yal.0193x-0.2834
R*a 0.8176

Log Ps from one phase only

Measurements:

The partition coefficients were estimated before measurement, by using existing
literature data, the descriptors obtained with the fragment addition approach and the
existing LFER equations for log P DCM, hexane and toluene, or other log P prediction
methods, such as A.Klamfs COSMO-RS approach™*. The bufferisolvent ratios were

then selected as follow:

Table 16: Choice ofbufferisolvent ratio

Predicted log P Bufferisolvent ratio
log P<-1.0 1:9 and 1:49
-1.0<log P<-0.5 I:1 and 1:9
-0.5<log P<0.5 1:1
0.5<log P<2.0 1:1 and 9:1
log P<2.0 9:1 and 49:1

When a very low log Ps value (below -1.0) was estimated, the partition coefficient was
obtained from the organic and aqueous solubilities. At high predicted log Ps, in the case

for instance of pyrethroids, 2,6-dinitroanilines or diphenyl ethers (log Ps usually above
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6.00), the two following approaches were considered. When a large enough quantity of
compound was available, the organic and aqueous solubﬂiﬁes were measured, enabling
the calculation of the partition coefficient value. Another approach was considered
involving the selection of a model compound representative of the chemical class, but
with lower log Ps values or model compounds for which experimental descriptors were

already determined (c.f. Chapter IV-5.3 estimation of descriptors by analogy)

This newly developed method presents a few limitations:

e  Need to use pre-saturated solvents that are miscible in each other, e.g. octanol-
water mixture

e  Mass balance must be verified if only one phase is to be used for log Ps
determination

e  For very low log Ps values, the concentration in the organic phase might be too
low to be measured and determination of log Ps from solubility measurements
might be more adapted.

e  For very high log Ps values, the concentration in the organic phase might be too
high to be measured directly and dilutions might introduce error. The best solution

here is to use the solvent solubility of model compbunds to determine log Ps.

V-2.4 Aqueous and solvent solubility

Method:

Iml or 0.5 ml saturated solutions were sonicated for an hour, roller-shaken overnight
and finally allowed to stand at room temperature for an hour. After this, the solutions
were filtered with Millipore HV 0.45um filters (4mm diameter) for aqueous solubilities
and FH 0.45pm filters (4mm diameter) for organic solubilities, before being analysed
by RP-HPLC against standard solutions for each compound in mobile phase of known

concentration.

Equipment:

o Waters HPLC system (model 510 isocratic pump, model 717 Autosampler with
thermostat, model 490 four-wavelength detector)

e BBC SE460 four-pen chart recorder
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* Spectra-Physics Chromjet integrator
* Peak detection at 210 and 230 nm
* Columns: all 250mm x 4.6 mm i.d.
* ACE, CI8 column, 5um particle size, endcapped octadecyl functional group
(Hichrom cat.No. ACE-121-2546)
* Waters Spherisorb S50DS column, 5pm particle size, endcapped octadecyl
functional group(Hichrom cat.No. S50DS2-250A)
* Hichrom 5CI18 column, 5pm particle size, endcapped octadecyl functional

group(Hichrom cat.No. HI-5C18-250A)

Measurements:
Due to time constraints, not all aqueous solubilities could be measured. Before using
literature data, the following plots were obtained in order to assess the reliability of the

values found in the Pesticide Manual 12"

Figure 11: Measured aqueous solubility versus literature values

Log Sw; moasurtd v«lum vtreu* PMticidt Manual 12th ad.

y m0.9426X+0.0303
R:" 0.9612

PM 12th ad. log 8w

The plot show a good correlation between measured and literature data. In addition, the
aqueous measured solubilities were obtained from nine different chemical classes. As a
result, where no measured data is available. Pesticide Manual 12" ed. aqueous solubility

values were used.
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Table 17: Aqueous solubilities (in bold from Pesticide Manual 12* ed.

measured)

log Sw (ppm) compound

compound

azoxystrobin 0.98
kresoxim-methyl 0.26
picoxystrobin 0.51

trifloxystr(*in -0.26
acetochior 2.36
propachlor 2.76
dichlormid 3.72
flurochloridone 1.55
fomesafen >2.89
oxyfluorfen -0.97
bifenox -0.45
fluazifop-butyl 0.01

fluazinam -1.15
trifluralin -0.30
flumetralin -1.15
cyanazine 2.23

simazine 0.77
atrazine 1.51

terbuthylazine 0.93

dimethirimol 3.08

ethirimol 2.26

bupirimate 1.44

pyrimethanil 2.03

cyprodinil 1.08

metalaxyl 3.89

furaiaxyl 2.36

napropamide 1.86

isoxaben 0.15

diphenamid 241

V-2.5 Results

permethrin
tefluthrin
cypermethrin

lambda-cyhalothrin

flutriafol

tebuconazole
hexaconazole
paclobutrazol

carbaryl
fenoxycarb
carbetamide
tri-allate
prosulfocarb
fluometuron
chlorotoluron
diuron
fenuron
chlorsulfuron
prosulfuron
imazosulfuron
diflutrenzuron
hexafiumuron
chlorfluazuron

-0.68
-1.61
-2.44
-2.30
2.08
1.48
2.60
1.30
1.89
3.48
0.77
3.54
0.60
1.12
2.02
1.84
1.59
3.53
1.50

loaaw(ppm)

no values

2.49

-1.10

-1.57
<-2.00

Table 18: Results of measurements (Values in bold from Pesticide Manual 12* ed*")

Strobflurin

Chloroacetanilide

1,3,5-Triazine

Prrimidine

SSSS?:
azoxystrobin

kresoxim-methyl
picoxystrobin
trifloxystrobin
acetochior
propachlor
dichlormid
fluorochloridone
cyanazine
simazine
atrazine
terbuthylazine

og Poet Ota.  (caPDCIIII} li«PHft|k>fIPTOL
2.57 3.76 0.93 1.74
3.50 4.71 3.07 4.24
3.79 5.44 321 3.89
4.50 >5.3 4.34 6.17
3.02 2.58 0.85 2.62
218 3.27 2.19 2.93
1.78 1.15 0.53 >2.22
333 3.05 1.53 27
2.13 2.46 -1.03 141
2.14 2.33 -0.29 1.33
258 2.32 0.49 1.82
321 3.73 1.73 3.00
1.87 2.19 1.61 1.77

log 8w(moWI)
-4.63
-524
-5.12
-5.87
-3.07
-2.57
-1.56
-3.94
-4.02
-4.52
-4.15
-4.60
-2.24

%
86.1
99.4
99.7
108.6
96.7
77.3
74.9
94.0
61.3
60.9
96.4
84.4
52.9

otherwise
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fethirimol 228 1.55 -0.01 1.12 -3.06 543

bupirimate 349 0.92 -1.01 044 -4.06 543

pyrimethanil 2.86 3.19 1.93 278 -3.27 845

cyprodinil 394 3.89? 3.01 412 -427 98.5

Amide etalaxyl 1.61 263 0.88 2.41 -1.56 714
ralaxyl 263 355 1.66 2.86 -3.12 834

propamide 332 3.70 237 334 . -3.57 913

oxaben 3.92 337 163 2.50 -5.37 90.1

iphenamid 228 1.25 1.00 1.38 -2.80 786

f\zcle utriafol 230 253 0.27 208 -3.40 67.4
uconazole 367 3.82 1.42 376 -4.01 89.1

xaconazole 387 347 223 34 -2.90 92.5

aclobutrazol 3.14 339 0.96 253 -4.29 79.6

Carbamate rbaryl 229 2.99 -0.03 164 -3.41 68.5
irimicarb 1.71 288 0.64 1.95 -1.90 70.1

noxycarb 4.28 393 0.31 1.87 4.7 92.9

rbetamide 1.68 126 215 . 017 -1.33 54.8
Thiocarbamate [ri-allate 4.94 1.68 424 -4.38 122.9
t:osulfocam 417 418 363 4.19 -4.28 114.0

henylurea uometuron 2.36 2.22 -0.14 1.46 -3.35 69.6
loratoluron 243 284 0.19 1.61 -3.49 68.4

iuron 275 2.81 -0.16 149 -3.82 72.7

nuron 0.99 1.14 -1.66 1.49 -1.69 428

Sulfonylurea lorsulfuron 1.89 165 2.047 1.98 4.05 306
rosulfuron 1.97 3.80 0.65 233 484

mazosulfuron 0.05 1.62 -3.13 364

Benzoylurea difiubenzuron 3.87 436 2.90 3.56 -6.59 915
hexaflumuron 5.68 361 1.15 1.53 -7.23 1029
chlorfluazuron 580 <6.34 <3.00 <5.82 1176

The experimental LFER descriptors were determined from the measured data except for
diphenyl ethers, 2,6-dinitroanilines and pyrethroids, the log Ps of which are too high to
be measured. For those compounds, chemical analogues, for which the experimental

descriptors are already available, were used.

Special acknowledgements for this chapter:
To the Physical Chemistry Measurement Team at Syngenta, Jealott’s Hill International
Research Station, Bracknell, Berkshire for training and guidance in experimental

methods, data analysis and access to their measured data.
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CHAPTER VI:
AGROCHEMICAL LFER PROFILE: DESCRIPTOR ESTIMATION

VI-1 Fragment addition approach

As previously mentioned, two methods based on J.Platts and M.H.Abraham’s group
contribution approaches the Daylight Toolkit program UNIX, and the PC software
Absolv, are available to estimate LFER descriptors. The latter were obtained from both
the UNIX and Absolv methods and were subsequently used to calculate log Poet from
the following LFER, established by Abraham et alP"*:

Log Poet = 0.088 + 0.562*R - 1.054*8 + 0.034*A -3.460*3 + 3.814*V  (VI-1)
N=613,r=0.9974, s=0.116, F = 23162

The calculated values were then compared to the octanol-water partition coefficient
measured using the HPLC octanol coated column method. Pesticide Manual 12” ed.

or MedChem 01 **ho obtain figure 1:

Figure 1:logPoct calc, with UNIX and Absolv descriptors versus logPoct obs.

Log Poet estimation from fragment addition descriptors

trifloxystrobin + UNIXlog Poet
m Absolv log Poet
=0.6135
flurochloridone (X
=0.5329
kresoximi
metalaxyl 4, A
?
bupiri
chlorsulfufen” #ethirimol
imazosulfuron 'dimelhirimol
1,00 200 3.00 4.00 5.00 600 7.00
log Poet obs.



Table 1: UNIX descriptors and log Poet calc, versus log Poet obs.

oonr>buncl E 38 in logPoctcalc. I -toaPoctobi.
azox”trobin 236 3.17 0.00 1.83 292 286 2.57
kr"oxinrHmethyl 167 1.89 0.00 1.15 242 4.28 3.50
picoxystrobin 130 1.86 0.00 115 247 4.30 3.79
trifloxystrobin 156 191 0.00 124 281 5.38 4.50
acetochior 130 1.72 0.02 0.71 2.14 4.71 3.02
propachlor 127 1.18 0.42 0.80 1.70 3.30 2.18
dichlormid 0.63 0.89 0.54 1.06 1.64 211 1.78
flurochloridone 135 138 0.04 046 1.87 4.92 3.33
cyanazine 2.09 2.40 0.00 134 177 0.86 2.13
simazine 197 168 000 1.02 1.48 1.53 2.14
atrazine 1.95 1.64 0.00 1.04 1.62 2.03 2.58
terbuthylazine 1.95 1.60 0.00 1.08 1.78 248 321
dimethirimol 157 158 033 112  1.78 223 1.87
ethirimol 152 167 052 121 178 1.80 2.28
bupirimate 171 2.55 0.20 2.04 244 0.62 3.49
pyrimethanil 192 1.72 020 1.03  1.62 1.99 286
cyprodinil 212 186 0.20 1.04 1.80 2.58 3.94
metalaxyl 120 1.96 0.00 1.08 223 3.48 1.61
furaiaxyl 1.55 2.10 0.00 0.94 232 4.34 2.63
napropamide 1.76 1.94 0.00 1.14 225 3.65 332
Isoxaben 136 2.25 048 1.26 2.60 4.07 3.92
diphenamid 1.63 1.84 0.00 091 200 3.56 2.28
flutriafol 1.80 2.02 035 130 2091 2.44 2.30
tebuconazole 1.53 1.58 0.35 1.08 241 4.75 3.67
hexaconazole 1.69 1.74 035 1.11 2.25 3.96 3.87
paclobutrazol 1.52 159 035 1.06 2.27 4.27 3.14
carbaryl 1.79 1.40 0.26 0.75 1.54 291 2.29
pirimicarb 1.63 1.69 0.00 156 1.90 1.05 171
fenoxycarb 172 1.73 011 111 232 4.24 4.28
carbetamide 137 1.87 0.58 1.17 1.85 1.92 1.68
tri-allate 121 101 0.00 0.73 212 5.27 4.94
prosulfocarb 135 1.04 0.00 0.77 212 5.18 4.17
fluometuron 0.81 1.23 0.44 0.78 1.55 2.47 2.36
chlorotoluron 1.25 1.46 0.44 0.85 1.62 2.50 2.43
diuron 137 1.62 0.52 0.80  1.60 2.50 2.75
fenuron 1.10 1.39 036 090 135 1.31 0.99
chlorsulfuron 249 351 1.04 1.76 230 0.51 1.89
prosulfuron 2.07 322 1.04 1.65 2.65 231 1.97
imazosulfuron 296 4.08 1.04 237 2591  -0.84 0.05
diflubenzuron 1.79 2.67 1.04 0.73  1.99 3.40 3.87
hexafiumuron 1.62 2.77 121 075 2.53 5.17 5.68
chlorfluazuron 239 343 112 1.05  3.06 5.89 5.80
fomesafen 2.05 341 0.73 112 255 3.53 3.09
oxyfluorfen 151 1.79 0.00 0.56 221 5.56 PIVI=447,IVIC=4.70
bifenox 1.96 237 0.00 0.72 2.16 4.43 4.54
fluazifop-butyl 114 175 000 111 266 5.17 PM=4.50
permethrin 1.99 191 0.00 0.80 2821 7.18 PM=6.10, MC=6.50
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tefluttirin
cypermethrin

lambda-cyhalothrin

fluazinam
trifluralin
flumetralin

absolv 1.4. descriptors

compound

azoxystrobin

kresoxim-methyl

picoxystrobin
trifloxystrobin
acetochior
propachlor
dichlormid
flurochloridone
cyanazine
simazine
atrazine
terbuthylazine
dimethirimol
ethirimol
bupirimate
pyrimethanil
cyprodinil
metalaxyl
furaiaxyl
napropamide
isoxaben
diphenamid
flutriafol
tebuconazole
hexaconazole
paclobutrazol

carbaryl
fenoxycarb
carljetamide
tri-allate
prosulfocarb
fluometuron
chlorotoluron
diuron
fenuron
chlorsulfuron
prosulfuron
imazosulfuron
diflubenzuron

hexafiumuron

0.47
2.12
171
1.92
1.20
1.92

2.38
1.59
1.27
1.47
1.16
112
0.51
1.16
1.65
1.53
151
1.51
0.84
0.89
1.46
171
1.91
1.06
1.50
1.63
1.42
1.54
1.88
1.67
1.81
1.66
1.63
1.30
1.43
1.05
1.14
1.27
0.67
1.12
1.22
0.95
2.33
1.89
2.87
1.68
1.53

111
2.68
2.4
221
1.62
1.46

0.00
0.02
0.02
0.18
0.00
0.00

0.25
1.08
0.98
0.73
0.64
0.00

2.44
2.97
3.04
2.36
2.20
2.53

7.61
6.06
6.70
5.33
5.25
9.27

PVE6.40, MC=6.00
PM=6.60, £2C=6.05

PVET7.00
5.69
PVF4.83,5.07

and log Poet calc, versus log Poet obs.

3.27
1.60
1.93
1.28
1.73
1.16
0.90
1.32
2.05
1.28
1.24
1.23
1.56
1.66
2.28
1.49
1.60
1.97
2.05
2.00
2.27
1.87
2.16
1.82
191
1.79
1.67
1.65
1.64
1.72
1.44
1.46
1.23
1.44
1.56
1.38
3.09
2.80
4.17
2.72
2.84

A

0.00
0.00
0.00
0.00
0.02

0.4
0.51
0.03
0.18
0.18
0.18
0.18
0.61
0.70
0.20
0.20
0.20
0.00
0.00
0.00
0.46
0.00
0.42
0.34
0.38
0.34
0.27
0.00
0.43
0.89
0.00
0.00
0.43
0.45
0.52
0.37
0.84
0.84
1.04
1.03
1.17

B

2.00
1.05
1.24
0.96
0.91
0.99
1.08
0.60
1.17
0.86
0.88
0.89
1.81
1.72
1.85
0.85
0.87
1.31
1.15
1.17
1.38
0.93
1.31
1.20
1.14
1.20
0.74
1.48
1.04
1.03
0.86
0.92
0.75
0.82
0.79
0.85
1.52
1.43
2.25
0.94
1.02

\Y%

2.92
242
2.47
2.81
2.14
1.70
1.64
1.87
1.77
1.48
1.62
1.76
1.87
1.87
2.44
1.60
1.80
2.23
2.32
225
2.60
2.00
2.09
241
2.25
2.27
1.54
1.89
2.32
1.85
2.12
2.12
1.55
1.62
1.60
1.35
2.30
2.65
2.59
199
2.53

idgPoctWe.

2.19
4.89
3.90
6.96
3.93
2.57
1.96
4.38
1.60
2.26
2.77
3.26
-0.22
0.02
1.44
2.74
3.34
2.59
3.65
343
3.67
3.40
2.32
4.18
3.76
3.66
2.58
1.17
4.42
2.38
4.34
4.18
2.50
2.55
2.53
141
1.69
3.39
-0.55
2.55
4.11

iogPoct Ob#.

2.57
3.50
3.79
4.50
3.02
2.18
1.78
3.33
2.13
2.14
2.58
321
1.87
2.28
3.49
2.86
3.94
1.61
2.63
3.32
3.92
2.28
2.30
3.67
3.87
3.14
2.29
171
4.28
1.68
4.94
4.17
2.36
243
275
0.99
1.89
1.97
0.05
3.87
5.68
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chiorfluazuron 2.38 3.51 1.10 133 3.01] 4.84 5.80

200 343 072 1.29 255 2.90 3.09
1.46 181 000 058 2.21 5.40 PM=4.47 MC=4.70
1.88 227 000 0.86 2.16 4.02 4.54

108 1.76 0.00 1.23 268§ 4.72 PM=4.50
1985 2.00 000 083 282 6.93 PM=6.10, MC=6.50

037 1.15 0.00 0.39 2. 7.04 PM=6.40, MC=6.00
207 278 0.02 1.12 29 65.78 PM=6.60, MC=6.05
166 255 0.02 104 3. 6.35 PM=7.00
1.75 2.06 0.14 0.76 2. 529 5.69
106 1.63 000 059 22 635 PM=4.83,5.07

0.09

The coefficients of determination obtained (r* = 0.61 for UNIX and r* = 0.53 for
Absolv) show that the two packages were not adapted to estimate descriptors for
agrochemical compounds. The main reason for this lack of reliability is due to the fact
that the fragments used for estimation are not trained on compounds with appropriate
range of physico-chemical properties,e.g. strobilurins, chloroacetanilides, sulfonylureas
etc.

One solution would be to increase the number of fragments that UNIX and Absolv 1.4.
can recognise by adding fragments more relevant to agrochemistry, which could be the
subject of a new project. The alternative is to use analogue compounds, containing the
functional group(s) that are relevant to the pesticide activity and for which experimental
descriptors have already been determined, and then to estimate descriptors by analogy.
Another option, though, is to determine descriptors based on measured physico-
chemical properties of the compounds of interest, thereby obtaining more chemically

realistic values.

VI1-2 Experimental descriptor determination

Four methods are currently available to obtain experimental LFER descriptors (c.f.
chapter IV-2).

e Regressions

e Solver
e Triple X
e Descfit
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Each approach was considered separately, and then compared as to their reliability to
estimate agrochemical physico-chemical properties. CHI values as defined in Chapter
V-2.2 were used to assess the accuracy of the descriptor values, by comparing the
measured value with the calculated one P

CHlacn =41.25 + 4.84E —15.24S-23.99A-65.39B+67.68V (VI-2)

n = 86, * =0.989, sd = 4.1, F = 698

The descriptor estimation by analogy was considered for those compounds for which
measured or literature data were not available.

VI-2.1 Regression approach

The regression method, as it was, could readily be eliminated as the existing training set
and equations were based on pharmaceutical compounds, whose chemistry differs
considerably from that of pesticides. In addition, the solvents used in the regression
approach are octanol, chloroform, cyclohexane and toluene, versus octanol,
dichloromethane, hexane and toluene that were chosen in our case. Although the LFERs
for dichloromethane-water and hexane-water partitions are very similar to, respectively,
chloroform-water and cyclohexane water partitions, it would introduce an error in the
estimation of the descriptoré. The solution to use the regression method as an approach
to predict agrochemicals descriptors would be to assemble a training set including such
compounds using octanol-, dichloromethane-, hexane- and toluene-water partition

coefficients as experimental data.
VI-2.2 Triple X

As described in chapter IV-6.2., Triple X is a simultaneous equation solver. The LFERs
for the solvent-systems are equations of the following form:
LogPs=c+eE+sS+aA+bB+v.V (VI-3)

The coefficients of the equations are known, and so are log Ps, through measurements.
In addition, the excess molar refraction, E, and McGowan volume were calculated.
Therefore the four LFERs can be re-written under the following form:
LogPs’=s’S+a’.A+b’B (VI4)

For four equations with three unknowns, there are four different combinations from

which descriptors were obtained, from which, again, CHI was calculated and compared

120



with measured values. If there are three equations and three unknowns, then there is
only one solution and tables 3 to 6 contains the descriptors determined from the four

combinations ofthree equations each.

Table 3: Triple X descriptors using octanol, dichloromethane, hexane

123 B
azoxystrobin 2.59 21.26 -1.65 -3.58 292 200.5 &1
Kkresoxim-methyl 115 13.96 -1.15 -2.40 242 1821 99.4
picoxystrobin 1.04 1245 -0.96 -2.05 241 1764 99,7
acetochior 116 12.64 -0.55 -2.16 214 1533 96.7
propachlor 1.02 10.40 -0.95 -1.79 L66 139.6 71.3
fluorochloridone 1.06 932 -0.30 -1.55 1.87 139.3 94.0
cyanazine 173 10.22 -0.14 -1.47 1.77 1132 61.3
simazine 155 798 -0.09 -1.14 148 1041 60.9
atrazine 151 894 -024 -1.42 1.62 1202 96.4
terbuthylazine 151 847 -034 -1.30 176 1317 84.4
dimethirimol 1.04 1288 -112 -2.32 1.78 1489 52.9
ethirimol 111 1119 -0.40 -1.90 1.78 1305 543
bupirimate 1.24 1450 -0.08 -2.51 244 1575 543
pyrimethanil 1.65 882 -0.53 -143 1.62 1312 845
cyprodinil 2.06 848 -0.45 -1.39 1.80 1451 98.5
metalaxyl 1.07 1681 -142 -2.94 223 1677 71.4
furaiaxyl 149 1532 -1.18 -2.61 232 1713 83.4
napropamide 151 1345 -0.96 -2.32 225 1703 91.3
isoxat>en 137 1501 -0.73 -2.59 2.60 1824 9.1
diphenamid 142 1478 -101 271 200 159.7 78.6
flutriafol 1.63 11.73 -0.56 -1.89 1.87 1340 67.4
tebuconazole 1.48 11.86 -0.46 -1.91 227 1572 890.1
hexaconazole 191 14.16 -0.83 -245 241 1778 92.5
paclobutrazol 1.63 1311 -0.63 -2.13 225 1564 79.6
carbaryl 151 777 010 -1.06 1.54 106.1 68.5
pirimicarb 1.18 1296 -0.95 -2.15 1.89 1409 70.1
fenoxycarb 131 9.66 024 -1.38 232 1420 92.9
carbetamide 120 11.81 011 -1.82 1.85 1141 54.8
prosulfocarb 1.18 1057 -0.73 -18 212 169.6 114.0
fluometuron 077 771 000 -1.17 155 109.0 69.6
chlorotoluron 137 839 -0.16 -1.23 1.62 1137 68.4
diuron 150 7.28 0.13 -0.98 1.60 106.6 72.7
fenuron 121 925 -0.19 -1.39 135 933 2.8
chlorsulfuron 2.02 1895 -1.84 -3.52 224 1879 30.6
prosulfuron 143 17.78 -1.06 -2.81 2.65 166.2 48.4
diflubenzuron 1.87 982 -0.59 -1.59 1.99 153.6 91.5
hexafiumuron 138 941 050 -1.47 2.53 159.6 102.9
chlorfluazuron 229 1387 -047 -2.14 3.06 199.1 117.6
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Table 4: Triple X descriptors using octanol, dichloromethane, toluene

124
azoxystrobin
kresoxim-methyl
picoxystrobin
acetochior
propachlor
fluorochloridone
cyanazine
simazine
atrazine
terbuthylazine
dimethirimol
ethirimol
bupirimate
pyrimethanil
cyprodinil
metalaxyl
furaiaxyl
napropamide
isoxaben
diphenamid
flutriafol
tebuconazole
hexaconazole
paclobutrazol
carbaryl
fenoxycarb
carbetamide
prosulfocarb
fluometuron
chlorotoluron
diuron
fenuron
chlorsulfuron
prosulfuron
diflubenzuron
hexafiumuron
chlorfluazuron

E
2.59
1.15
1.04
1.16
1.02
1.06
1.73
1.55
1.51
1.51
1.04
1.11
1.24
1.65
2.06
1.07
1.49
1.51
1.37
1.42
1.63
1.48
1.91
1.63
1.51
1.18
1.31
1.20
1.18
0.77
1.37
1.50
1.21
2.02
1.43
1.87
1.38
2.29

Table 5: Triple X descriptors using

134
azoxystrobin
kresoxim-methyl
picoxystrobin
acetochior
propachlor
fluorochloridone
cyanazine
simazine
atrazine

2.59

1.15
1.04
1.16
1.02
1.06
1.73
1.55
1.51

8

10.96
7.51
6.48
7.04
5.60
5.10
6.17
4.68
5.02
4.78
6.53
6.00
7.59
4.80
4.75
9.16
8.21
7.13
7.72
7.50
6.67
6.93
7.54
7.19
4.60
7.10
5.26
6.65
5.48
4.49
4.78
4.28
6.12
9.51
10.24
5.17
4.43
8.09

1 A
2.34
1.35
1.36
1.62
0.91
1.33
1.44
1.19
1.28
1.09
1.34
1.61
2.59
1.03
0.99
1.54
1.57
1.48
2.09
1.81
1.40
1.45
1.73
1.67
1.13
1.31
1.94
1.89
1.25
1.25
1.24
1.29
1.03
1.82
1.86
1.21
2.43
1.77

B
-0.40
041
2021
-0.43
031
20.25
-0.22
-0.13
0.21

-0.16
20.36
-0.31

-0.38
-0.20
0.23
0.58
0.42
-0.37
-0.34
-0.46
-0.33
-0.39
-0.40
-0.31

0.08
0.34
-0.02
-0.23
2031

-0.18
0.11

-0.05
-0.42
2061

-0.49
-0.15
0.07

20.35

1

\%
2.92
2.42
2.41
2.14
1.66
1.87
1.77
1.48
1.62
1.76
1.78
1.78
2.44
1.62
1.80
2.23
2.32
2.25
2.60
2.00
1.87
2.27
2.41
2.25
1.54
1.89
2.32
1.85
2.12
1.55
1.62
1.60
1.35
2.24
2.65
1.99
2.53
3.06

CHI caic. 1CHI obc.

54.0 86.1

90.4 99.4
91.5 99.7
73.7 96.7
71.4 77.3

79.3 94.0
55.5 61.3

57.1 60.9
64.4 96.4
79.3 84.4
58.5 52.9
56.9 54.3

59.3 543
74.1 84.5
92.0 98.5
58.8 71.4
70.2 83.4
80.6 91.3
78.8 90.1

56.2 78.6
62.1 67.4
87.1 89.1

83.6 92.5
72.2 79.6
61.1 68.5

57.7 70.1

79.5 92.9
40.8 54.8
97.2 114.0
63.1 69.6
62.4 68.4
64.0 72.7
48.7 42.8
53.5 30.6
58.9 48.4
87.5 91.5
88.7 102.9
116.9 117.6

octanol, hexane, toluene

S
0.82
1.17
0.61
1.54
0.89
0.95
2.18
1.44
1.16

A 1B 1 V C(CHeaG H obs.

-0.14
-0.20
-0.08
0.27
-0.24
0.31
0.46
0.40
0.34

2.67
1.51
1.56
1.23
1.12
1.01
0.99
0.85
0.96

2.92
2.42
241

2.14
1.66
1.87
1.77
1.48
1.62

67.7 86.1
99.0 99.4
99.5 99.7
81.2 96.7
77.8 77.3
85.0 94.0
60.9 61.3
61.5 60.9
69.6 96.4
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terbuthylazine
ethirimol
bupirimate
pyrimethanil
cyprodinil
metalaxyl
furaiaxyl
napropamide
isoxaben
diphenamid
flutriafol
tebuconazole
hexaconazole
paclobutrazol
carbaryl
fenoxycarb
carbetamide
prosulfocarb
fluometuron
chlorotoluron
diuron
fenuron
chlorsulfuron
prosulfuron
diflubenzuron
hexafiumuron
chlorfluazuron

1.51 1.15
1.04 0.28
111 091
1.24 0.80
1.65 0.85
2.06 1.07
1.07 1.63
149 121
1.51 0.93
1.37 0.55
142 0.34
1.63 1.70
1.48 2.09
191 1.03
1.63 1.37
1.51 1.49
1.18 1.35
1.31 0.94
1.20 1.58
1.18 0.47
0.77 1.32
1.37 1.23
1.50 1.34
1.21 3.03
202 022
143 2.82
1.87 0.59
1.38 -0.47
2.29 240

0.20
-0.19
0.36
0.93
0.06
0.09
-0.30
-0.14
-0.04
0.34
0.05
0.18
0.26
0.14
0.24
0.36
-0.10
0.88
0.65
002
0.47
0.36
0.57
0.27
-0.46
0.04
0.09
1.23
0.37

0.94
1.53
1.23
1.68
1.00
0.88
1.69
1.69
1.50
1.82
1.70
1.17
1.07
1.56
1.45
0.86
1.40
1.28
1.30
121
0.78
0.96
0.84
0.51
2.20
1.76
1.23
1.55
1.36

1.76
1.78
1.78
2.44
1.62
1.80
2.23
2.32
2.25
2.60
2.00
1.87
2.27
24

2.25
1.54
1.89
2.32
1.85
212
1.55
1.62
1.60
135
2.24
2.65
1.99
2.53
3.06

84.2
67.0
63.8
68.5
79.4
97.0
69.1
79.7
89.0
88.5
660
68.9
93.7
925
80.1
65.4
65.5
85.4
4717
104.0
67.4
67.2
630
52.9
662
69.0
93.7
95.4
124.6

84.4
529
543
543
84.5
98.5
714
834
91.3
90.1
78.6
67.4
89.1
92.5
79.6
68.5
70.1
92.9
54.8
114.0
69.6
68.4
72.7
42.8
30.6
48.4
91.5
102.9
117.6

Table 6: Triple X descriptors using dichloromethane, hexane, toluene

234
azoxystrobin
kresoxim-methyl
picoxystrobin
acetochior
propachlor
fluorochloridone
cyanazine
simazine
atrazine
terbuthylazine
dimethirimol
ethirimol
bupirimate
pyrimethanil
cyprodinil
metalaxyl
furaiaxyl
napropamide
isoxaben

rth

2.59 -1.51
1.15 -0.29
1.04 -0.74
1.16 0.27
1.02 -0.20
1.06 0.00
1.73 1.26
1.55 0.69
151 0.27
151 0.32
1.04 -1.16
111 -0.26
1.24 -0.77
1.65 -0.06
2.06 0.23
1.07 -0.10
1,49 -0.40
1.51 -0.50
1.37 -1.10

m

3.62
2.15
2.10
231
1.51
1.85
1.94
1.60
1.77
1.55
213
2.25
3.45
1.53
1.46
2.49
2.45
2.26
3.00

B 1

0.67
0.26
041
0.15
0.19
0.19
0.20
0.21
0.20
0.22
0.30
0.23
0.34
0.22
0.15
0.21
0.31
0.28
0.41

2.92
2.42
241
2.14
1.66
1.87
1.77
1.48
1.62
1.76
1.78
1.78
2.44
1.62
1.80
2.23
2.32
2.25
2.60

143.7
146.5
143.5
122.5
113.2
116.1

90.9

85.9

98.6

111.4
113.9
102.0
119.5
109.1

124.5
125.5
132.1
135.5
142.3

86.1
99.4
99.7
96.7
71.3
94.0
61.3
60.9
96.4
84.4
52.9
54.3
54.3
84.5
98.5
71.4
83.4
91.3
90.1
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Figure 2: CHI estimations using triple X

diphenamid
flutriafol
tebuconazole
hexaconazole
paclobutrazol

carbaryl
fenoxycarb
carbetamide
prosulfocarb
fluometuron
chlorotoluron
diuron
fenuron
chlorsulfuron
prosulfuron
diflubenzuron
hexaflumuron
chlorfluazuron

1.42-1.31
1.63 0.55
1.48 0.97
1.91 -0.47
1.63 0.02
1.51 0.78
1.18 0.02
1.31 -0.06
1.20 0.42
1.18 -0.68
0.77 0.58
1.37 041
1.50 0.66
121 2.32
2.02 -1.92
143 1.11
1.87 -0.46
1.38 -1.60
2.29 1.10

2.71
2.03
2.06
2.55
2.40
1.52
2.04
248
2.53
1.88
1.65
1.68
1.66
141
2.99
2.80
1.79
3.04
2.48

0.29
0.19
0.12
0.28
0.30
0.24
0.26
0.43
0.30
0.22
0.15
0.26
0.26

-0.10

0.37
0.29
0.33
0.58
0.24

2.00
1.87
2.27
241
2.25
1.4
1.89
2.32
1.85
2.12
1.55
1.62
1.60
1.35
2.24
2.65
1.99
2.53
3.06

Combination 1,2,3: octanol, dichloromethane, hexane

Combination 1,2,4: octanol, dichloromethane, toluene

Combination 1,3,4: octanol, hexane, toluene

Combination 2,3,4: dichloromethane, hexane, toluene

250.0

200.0

0.0

0.0

+ 123
m 124
Al34
X234

20.0

60.0

80.0

(HI obs.

119.6
106.2
130.0
1413
123.7
88.7
108.7
117.8
85.7
1415
91.2
93.8
90.1
76.0
135.8
124.7
128.0
1321
167.2

100.0

78.6
67.4
89.1
925
79.6
68.5
70.1
92.9
54.8
114.0
69.6
68.4
727
42.8
30.6
484
91.5
102.9
117.6

R*=0.1697

=0.7296
R*=0.7133
R*=0.3492

120.0 140.0

In the best-case scenario, all three combinations should give similar correlation

coefficient values. In this case, combination 124 and 134 give similar values, but differ

significantly from combinations 123 and 234. The best estimation out of the three

combinations seems to be octanol, DCM and toluene (124) according to the correlation
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coefficient. However, a doser look to the descriptor values shows that combination 134
(octanol, hexane, toluene) gives more chemically coherent values (e.g. less negative
values of A and B), therefore the latter will be kept as a preferred set.

Another correction to cany out on the descriptors obtained using Triple X is to set all
the negative hydrogen bond acidity and basicity values to zero, as A and B cannot be

negative (E, S and V are unchanged).

Table 7: Corrected Triple X descriptor values

134 I 8 V 1 CHloale, CHIOta.
azoxystrobin 259 0.82 0.00 2.67 292 643 86.1
kresoximrmethyl ~ 1.15 117 0.00 151 242 941 99.4
picoxystrobin 1.04 061 0.00 1.56 241 975 99.7
acetochlor 116 154 027 123 214 812 96.7
propachlor 1.02 089 000 LI2 166 719 773
fluorochloridone ~ 1.06 0.95 031 1.01 1.87 850 94.0

cyanazine 1.73 2.18 0.46 0.99 177 60.9 61.3
simazine 155 1.44 040 0.85 148 615 60.9
atrazine 151 116 0.34 0.96 1.62 69.6 96.4

terbuthylazine 151 1.15 0.20 0.94 1.76 84.2 844
dimethirimol 1.04 0.28 0.00 1.53 1.78 625 529

ethirimol 111 091 036 1.23 1.78 63.8 54.3
bupirimate 1.24 0.80 0.93 1.68 244 68.5 54.3
pyrimethanil 1.65 0.85 0.06 1.00 1.62 794 84.5
cyprodinil 2.06 1.07 0.09 0.88 1.80 97.0 98.5
metalaxyl 1.07 1.63 0.00 1.69 223 619 714

furalaxyl 1.49 121 0.00 1.69 232 76.2 83.4
napropamide 151 093 0.00 1.50 225 881 91.3
isoxaben 1.37 055 0.34 1.82 2.60 885 90.1
diphenamid 142 034 0.05 1.70 2.00 66.0 78.6

flutriafol 1.63 1.70 0.18 1.17 1.87 689 67.4

tebuconazole 1.48 2.09 0.26 1.07 227 93.7 89.1
hexaconazole 191 1.03 0.14 1.56 241 925 92.5

paclobutrazol 1.63 1.37 024 145 225 801 79.6
carbaryl 151 149 0.36 0.86 1.54 65.4 68.5
pirimicarb 1.18 135 0.00 1.40 1.89 631 70.1
fenoxycarb 131 094 0.88 1.28 232 854 92.9

carbetamide 1.20 158 0.65 1.30 1.85 47.7 54.8
prosulfocarb 118 047 02 121 212 104.0 114.0
fluometuron 0.77 132 047 0.78 155 674 69.6
chlorotoluron 1.37 1.23 0.36 0.96 1.62 67.2 68.4

diuron 1.50 1.34 0.57 0.84 1.60  68.0 727

fenuron 121 3.03 027 0.51 135 529 2.8
chlorsulfuron 202 02 000 220 224 551 30.6
prosulfuron 143 282004 176  2.65 69.0 48.4
diflubenzuron 1.87 059 0.09 1.23 1.99 937 91.5
hexaflumuron 138 -0.47 123 155 253 954 102.9
chlorfluazuron 229 240 037 136  3.06 124.6 117.6
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Figure 3: Corrected Triple X descriptor values
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VI-2.3 Solver

As described in chapter IV-6.3, measured data is entered into an MS Excel spreadsheet,
along with the LFER equations of interest, in our case: octanol-, dichloromethane-,
hexane- and toluene-water partitions. The McGowan volume, V, and the excess molar
refraction, E, were calculated using respectively the Abraham algorithm (equation IV.1
in chapter IV.1) and the modified Lorentz-Lorentz equation (equation IV.3 in Chapter
IV.2). Once these values are entered in the spreadsheet, only the polar descriptors, A, B
and S are left for estimation. The Solver function will then allow estimation of the
descriptors by minimising the overall standard deviation between the entered measured
log Ps and partition coefficients calculated from the descriptors. The overall standard

deviation is calculated in the following manner:

SD = VZ(log Pobs — log Pcalc)’ (VI-5)
V(@0-1)

n being the number of log Ps
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Table 8: Solver descriptors using 4 solvent systems

ifrom * 8 y fram

yrorcMan  tolvir tolvtr «oivttr VipIMrtm (Hicale. (Hobs.
azoxystrobin 2.59 1.80 0.00 229 2.92 74.0 86.1
kresoxinr+methyl 115 1.08  0.00 142 242 101.2 99.4
picoxystrobin 1.04 127 000 132 241 103.4 99,7
Irifloxystrobin 0.97 076 0.00 157 2.81 121.9 108.6
acetochlor 1.16 1.04 0.31 1.36 2.14 79.5 96.7
propachlor 1.02 085  0.00 0.99 1.66 80.7 71.3
dichlormid 0.45 039 019 106 151 65.8 74.9
flurochioridone 1.06 092 032 101 1.87 85.0 94.0
cyanazine 1.73 223 045 097 1.77 61.5 61.3
simazine 1.55 171 037 079 1.48 62.2 60.9
atrazine 151 124 033 094 1.62 69.9 96.4
terbuthylazine 151 137 018  0.88 1.76 85.0 84.4
dimethirimol 1.04 039 o000 139 1.78 69.8 52.9
ethirimol 111 08 036 125 1.78 63.6 54.3
bupirimate 1.24 086 092 16 2.44 68.8 543
pyrimethanil 1.65 100 0.05 096 1.62 79.9 84.5
cyprodinil 2.06 097 010  0.90 1.80 96.8 98.5
metalaxyl 1.07 LI2 o000 168 2.23 70.6 71.4
furalaxyl 1.49 12 000 161 2.32 81.6 83.4
napropamide 1.51 0.89  0.00 1.49 2.25 89.6 91.3
isoxaben 1.37 08 030 174 2.60 90.0 90.1
diphenamid 1.42 013 007 175 2.00 65.6 78.6
flutriafol 1.63 150 020 12 1.87 68.4 67.4
tebuconazole 1.48 159 031 120 2.27 91.9 89.1
hexaconazole 191 0.90 0.15 1.59 241 924 92.5
paclobutrazol 1.63 149 023 142 225 80.5 79.6
carbaryl 151 193 032 075 1.54 66.8 68.5
pirimicarb 1.18 137 000 134 1.89 66.7 70.1
fenoxycarb 131 195 078 1.03 232 88.9 92.9
carbetamide 1.20 066 000 184 1.85 62.1 54.8
prosulfocarb 1.18 040 003 123 2.12 103.4 114.0
fluometuron 0.77 133 047 078 1.55 67.2 69.6
chlorotoluron 1.37 1.63 032 086 1.62 68.6 68.4
diuron 1.50 186 052 071 1.60 69.5 72.7
fenuron 1.21 192 037 078 1.35 49.6 2.8
chlorsulfuron 2.02 0.15 0.00 1.97 2.24 71.2 30.6
prosulfuron 143 2.55 0.07 1.82 2.65 68.2 48.4
diflubenzuron 1.87 1.09 004 111 1.99 95,1 91.5
hexaflumuron 1.38 .12 107 116 2.53 100.5 102.9
chlorfluazuron 2.29 229 038 139 3.06 124.4 117.6
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Figure 4: Solver descriptors using 4 solvent systems
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Four main outliers are chlorsulfuron, atrazine, trifloxystrobin and chlorfluazuron.

Atrazine was already one of the outliers for the measured CHI value (Chapter V-2.2)

and this confirms that there might be a problem with the CHI measurement.

Chlorsulfuron’s log Ps (toluene and DCM) values were taken from the Pesticide Manual

and log P hexane measured. It is more probable in this case that the error comes from

the log Ps data used for descriptor estimation. Trifloxystrobin and chlorfluazuron both

exhibit CHI values above 100, where measurements become unreliable.

The same calculations were repeated this time using all available partition data,

measured or in the literature (Pesticide Manual 12*

an LFER was available.

Table 9: Solver descriptors using all available solvent systems

f Efrom
azoxystrobin 2.59
kresoxim-methyl 1.15
pk»xystrobjn 1.04
trifloxystrobin 0.97
acetochlor 1.16
aropachlor 1.02
dichlormid 045
flurochioridone 1.06
cyanazine 1.73
simazine 155

B -
T

Vfrom,

and MedChem 00

for which

r#&er | aolver aolwr Vfpfognifn fiPi9y«iwu« !GHlgalc. CHi obs.

2.24
1.08
1.27
0.76
1.14
0.80
0.39
0.92
2.25
1.53

0.09
0.00
0.00
0.00
0.38
0.00
0.19
0.31

0.33
0.35

211
1.42
1.32
1.57
1.29
1.01
1.06
1.02
1.02
0.85

2.92
2.42
241
2.81
2.14
1.66
1.51
1.87
1.77
1.48

N o Ao A A A

e
(=]

76.9
101.2
103.4
121.9
80.9
80.2
65.8
84.6
60.8
61.5

86.1
99.4
99.7
108.6
96.7
713
74.9
94.0
61.3
60.9
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atrazine 1.51 139 039 086 1.62 71.4 96.4

terbuthylazine 1.51 1.50 0.23 0.82 1.76 85.7 844
dimethirimol 1.04 0.94 0.26 1.15 1.78 70.9 52.9
ethirimol 1.11 1.36 0.61 1.01 1.78 65.6 54.3
bupirimate 1.24 0.86 0.92 1.66 2.44 68.8 54.3
pyrimethanil 1.65 1.43 1.09 0.12 1.62 103.3 84.5
cyprodinil 2.06 1.28 025  0.74 1.80 98.9 98.5
metalaxyl 1.07 1.37 0.00 1.67 2.23 67.5 714
furalaxyl 149 1.22 0.00 1.61 2.32 81.6 834
napropamide 1.51 0.89 0.00 149 2.25 89.6 91.3
isoxaben 1.37 0.86 0.30 1.74 2.60 90.0 90.1
diphenamid 1.42 0.75 0.51 1.32 2.00 73.7 78.6
flutriafol 1.63 1.78 0.39 1.03 1.87 72.0 67.4
tebuconazole 1.48 1.59 0.31 1.20 2.27 91.9 89.1
hexaconazole 191 141 0.33 137 241 94.7 925
paclobutrazol 1.63 171 0.45 1.22 2.25 84.9 79.6
carbaryl 1.51 2.00 0.41 0.68 1.4 68.1 68.5
pirimicarb 1.18 137  0.00 1.34 1.89 66.7 70.1
fenoxycarb 1.31 2.13 0.94 0.88 2.320 92.1 92.9
cart>etamide 1.20 1.79 0.75 1.10 1.85 8 55.2 54.8
prosulfocarb 1.18 0.40 0.03 1.23 2.12 4 103.4 114.0
fluometuron 0.77 143 057  0.69 1.55 9 69.2 69.6
chlorotoluron 1.37 0.71 0.18 1.04 1.62 8 74.2 68.4
diuron 1.50 1.77 054 0.74 1.60 6 68.4 72.7
fenuron 1.21 1.67 0.32 0.91 135 10 46.1 42.8
chlorsulfuron 2.02 0.59 0.10 1.76 2.24 6 75.8 30.6
prosulfuron 143 2.77 0.78 1.26 2.65 8 84.5 484
diflutjenzuron 1.87 1.18 0.19 0.98 1.99 5 98.7 91.5
hexaflumuron 138 1.16 1.23 1.04 2.53 6 103.9 102.9
chlorfluazuron 2.29 2.29 0.38 1.39 3.06 4 1244 117.6

Figure 5: Solver descriptors using all available solvent systems

CHI estimation using mors than 4 solvsnt-systsms
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The results obtained using our four solvent systems (r* = 0.70) are very close to those

obtained using 5-10 solvent-systems (r* = 0.72). However, further calculations were
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carried out in order to confirm these results focusing on a few compounds for which a
large number of data was available. |
C.E.Green et al®l estimated the descriptors for phenylureas, diuron, fluometuron,
chlorotoluron, fenuron and atrazine, using MS Excel Solver and 38 solvent-systems (22
for atrazine). The CHI values were calculated and compared for reliability. The results
obtained are in good agreement with those reported by C.Green et al.

Table 10: Influence of number of solvent systems on diuron descriptors
*Calculated by C.E.Green et al.®

Compound CHI calc.* CHI calc. CHI calc. CHI obs.
(n LFERSs) (n LFERSs) 4 LFERs

Diuron

71.85 (38) 68.4 (6) 69.5 72.7
Fenuron

46.38 (38) 46.1 (9) 496 428
Fluometuron

69.56 (38) 69.2 (9) 67.2 69.6
Chlorotoluron

69.01 (38) 74.2(8) 68.6 68.4
Atrazine

74 54 (22) . 71.5(8) 69.9 71.70

VI-2.4 Descfit

Descfit is a PC-based user-friendly program to determine A, S and B in a fashion
extremely similar to MS Excel Solver and developed by Sirius Analytical Ltd. The
slight difference, however, lies in the overall standard deviation calculation:

SD = vVZ(log Pobs — log Pcalc)? ' (VI-6)
Vn
n being the number of log Ps
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Table 11: Descfit descriptors

Efrom V B

M I CHiaby.
azoxystrobin 2.59 1.68 .0.22 2.46 2.92 70.5 86.1
<reso}«n-fnethyt 1.15 0.98 -0.19 1.55 242 98.4 99.4
picoxysbobin 1.04 1.19 -0.14 142 241 101.4 99.7
acetochlor 1.16 1.04 031 1.36 2.14 79.6 96.7
propachlor 1.02 0.72 -0.23 1.16 1.66 71.3 713
flurochioridone 1.06 092 032 1.01 1.87 84.9 94.0
cyanazine 1.73 224 045 097 1.77 61.1 61.3
simazine 1.55 171 037 0.79 148 62.4 60.9
atrazine 1.51 1.24 033 0.94 1.62 69.9 96.4
terbuthylazine 1.51 1.37 0.18 0.88 1.76 84.9 84.4
dimethirimol 1.04 0.28 -0.19 1.53 1.78 67.1 52.9
ethirimol 1.11 0.86 0.36 1.25 1.78 63.7 54.3
bupirimate 1.24 086 0.92 1.66 2.44 68.7 54.3
pyrimethanil 1.65 1.00 0.05 0.96 1.62 79.9 84.5
cyprodinil 2.06 097 o0.10 0.90 1.80 96.7 98.5
metalaxyl 1.07 0.98 -0.24 1.85 2.23 67.0 71.4
furalaxyl 1.49 1.14 -0.14 1.71 2.32 79.5 83.4
napropamide 151 0.87 -0.03 1.52 2.25 88.8 91.3
isoxaben 137 0.86 031 1.74 2.60 89.6 90.1
diphenamid 142 0.13 0.07 1.75 2.00 65.3 78.6
flutriafol 1.63 151 0.20 1.22 1.87 68.3 67.4
ebuconazole 1.48 1.59 031 1.20 2.27 92.1 89.1
hexaconazole 191 091 0.15 1.59 241 9.1 92.5
paclobutrazol 1.63 149 0.23 1.42 2.25 80.5 79.6
carbaryl 1.51 1.93 032 0.75 1.54 66.8 68.5
pirimicarb 1.18 131 -0.09 141 1.89 65.4 70.1
fenoxycarb 131 1.95 0.78 1.03 2.32 88.6 92.9
carbetamide 1.20 1.86 0.62 1.23 1.85 48.6 54.8
prosulfocarb 1.18 040 0.03 1.23 2.12 103.8 114.0
fluometuron 0.77 1.33 047 0.77 155 67.5 69.6
chlorotoluron 137 1.64 0.33 0.86 1.62 68.5 68.4
diuron 1.50 1.86 0.52 0.71 1.60 69.7 72.7
fenuron 1.21 1.92 0.38 0.78 1.35 49.3 42.8
chlorsulfuron 2.02 0.00 -0.43 2.28 2.24 65.1 30.6
prosulfuron 143 256 0.07 1.82 2.65 68.2 48.4
diflubenzuron 1.87 1.09 0.04 1.11 1.99 95.3 91.5
hexaflumuron 1.38 1.12 1.08 1.16 2.53 100.5 102.9
chlorfluazuron 2.29 229 0.38 1.39 3.06 124.2 117.6

Figure 6: Descfit descriptors
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The hydrogen bond acidity and basicity values are corrected in the same way as with the

Triple X A and B values.

Table 12: Corrected Descfit descriptors

Efrom S A B , Vfiom

compound Vrprogram DF DF OF Vrprogram [ CHIole.  CHIobs.
azoxystrobin 2.59 1.68 0.00 2.46 2.92 65.1 86.1
kresoxim-methyl 1.15 098 0.00 1.55 2.42 93.9 99.4
picoxystrobin 1.04 1.19 0.00 1.42 241 98.1 99.7
acetochlor 1.16 1.04 031 136 2.14 79.6 96.7
propachlor 1.02 0.72 000 116 1.66 71.8 773
flurochioridone 1.06 0.92 032 101 1.87 84.9 94.0
cyanazine 1.73 224 045 097 1.77 61.1 61.3
simazine 1.55 171 037 0.79 1.48 624 60.9
atrazine 1.51 124 0.33 0.94 1.62 69.9 96.4
terbuthylazine 151 137 0.18 0.88 1.76 84.9 844
dimethirimol 1.04 028 000 1.53 1.78 62.5 529
ethirimol 1.11 0.86 036 1.25 1.78 63.7 54.3
bupirimate 1.24 0.86 0.92 1.66 2.44 68.7 54.3
pyrimethanil 1.65 1.00 0.05 0.96 1.62 79.9 84.5
cyprodinil 2.06 0.97 0.10 0.90 1.80 96.7 98.5
metalaxyl 1.07 0.98 0.00 1.85 2.23 61.3 71.4
furalaxyl 1.49 114 000 171 2.32 76.2 834
napropamide 151 087 000 1.2 225 88.0 91.3
isoxaben 137 0.86 031 1.74 2.60 89.6 90.1
diphenamid 1.42 0.13 0.07 175 2.00 65.3 78.6
flutriafol 1.63 151 020 1.22 1.87 68.3 67.4
tebuconazole 148 1.59 031 1.20 2.27 9.1 89.1
hexaconazole 1.91 091 0.15 1.59 241 92.1 92.5
paclobutrazol 1.63 149 023 142 2.25 80.5 79.6
carbaryl 151 193 032 0.75 1.54 66.8 68.5
pirimicarb 1.18 131 0.00 141 1.89 63.1 70.1
fenoxycarb 131 195 0.78 1.03 2.32 88.6 92.9
carbetamide 1.20 1.86 0.62 1.23 1.85 48.6 54.8
prosulfocarb 1.18 0.40 0.03 1.23 2.12 103.8 114.0
fluometuron 0.77 1.33 047 0.77 1.55 675 69.6
chlorotoluron 1.37 1.64 0.33 0.86 1.62 68.5 68.4
diuron 1.50 1.86 0.52 0.71 1.60 69.7 72.7
fenuron 1.21 192 0.38 0.78 1.35 49.3 42.8
chlorsulfuron 2.02 0.00 000 228 224 54.8 30.6
prosulfuron 143 2.56 0.07 1.82 2.65 68.2 48.4
diflubenzuron 1.87 1.09 0.04 1.11 1.99 95.3 91.5
hexaflumuron 1.38 LI2 108 116 2.53 100.5 102.9
chlorfluazuron 2.29 229 038 1.39 3.06 124.2 117.6
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Figure 6: Corrected Descfit descriptors
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Descfit and Solver being very similar methods, the outliers are the same in both

methods.

VI-2.5 Discussion

Table 13: Correlation coefficient summary of the methods used

Method Correlation coeff.(r)
Triple X 0.7495
Solver (4 syst.) 0.7020
Solver (all syst.) 0.7214
Descfit 0.7598

In terms of correlation coefficients, all three approaches give, overall, similar results. A
further study was carried out to find what differences could be found in the descriptor

values.
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Table 14: Comparison of descriptors

2 8 % &
- 8 S 5 8
standard deviation © » E ©
bsolv 0.00
E Isolver 0.10 0.00
riple X 0.10 0.00 0.00
escfit 0.10 0.00 0.00 0.00
bsolv 0.00
S solver 0.46 0.00
triple X 0.46 0.34 0.00
descfit 0.58 0.29 0.24 0.00
absolv 0.00
A isolver 0.20 0.00
triple X 0.20 0.08 0.00
descfit 0.19 0.07 0.02 0.00
absolv 0.00
B er 0.15 0.00
Er‘i);l/ex 0.15 0.09 0.00
escfit 0.14 0.08 0.06 0.00
bsolv 0.00
V [solver 0.00 0.00
iple X 0.00 0.00 0.00
escfit 0.00 0.00 0.00 0.00

The McGowan volume, V, is completely additive and is calculated in the same manner
in Absolv and all 4 experimental methods. Small variations can be observed in the
excess molar refraction value. E, in Absolv, is calculated by fragment addition whereas,
for these cases, it was calculated using equation (III-5) and the (hypothetical) refractive
index, n, estimated by the ACD software ). The main variations in descriptor values
are observed for the S (dipolarity/polarisability) descriptor. Absolv gives significantly
different S values compared to experimental results. The predicted values depend upon
the chemical class and the degree of structural complexity. S-triazines, carbamates and
phenylureas are three chemical classes with little difference in S values. A and B
(hydrogen bond acidity/basicity) are relatively low values for agrochemicals and very
little difference is observed in those values. In general, it can be said that the
experimental values are in agreement with each other, while the Absolv values are
slightly different. The descriptors selected fof the rest of this work will be those
. obtained with Descfit, for severeal reasons:

- The correlation coefficient (table 13) is slightly higher than with the other methods
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- Descfit is in a stand-alone user-friendly format

VI-3 Descriptor estimation by analogy

As previously mentioned, the partition coefficients could not be readily measured for
three chemical classes, diphenylethers, 2,6-dinitroanilines and pyrethroids, their solvent
solubilities being too high. In this case, the alternative approach for experimental
descriptor estimation is via the use of analogue compounds for which the experimental
descriptors are known (c.f. Chapter IV-5.3 estimation of descriptors by analogy).

The descriptor estimation starts with the largest fragment for which experimental
descriptors are known. The appropriate fragments were added/subtracted in order to
estimate the analogue descriptors. Those fragments are chosen from chemically similar
structures and as large as possible to minimise error. For more accuracy, E and V were
determined using equations (III-4) and (II-11), respectively. The octanol-water
partition coefficient is then calculated using the appropriate LFER and compared to the
Pesticide Manual 12™ ed. and the Clog P version 4 values.

N.B.: For ease of presentation, the added and substracted fragments are wriften as
SMILES [

VI-3.1 Pyrethroids

Pyrethroids [12] were introduced by Michael Elliot at the end of the 1970’s. They are
insecticides acting as sodium channel disruptors. The latter are vital for nerve
transmission, pyrethroids prevent the repolarisation of the nerve membrane for 0.01 to
0.1 seconds, which results in multiple spike firing of neurons leading to convulsions.
These compounds are synthetic analogues of natural products from chrysanthemum
flowers and exhibit very high log Poct values and solvent solubilities. Four
representative pyrethroids were selected (Permethrin, Cypermethrin, Tefluthrin and
Lambda-cyhalothrin) and their descriptors were estimated using the analogy approach.
The descriptors for Permethrin were previously-determined by Abraham et al. 19 and
the appropriate fragments were added/substracted in order to estimate the analogue

descriptors.
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Permethrin:
E=1.95,S=1.90,A=0.00,B=0.73,V=2.88

Log Poct PM12 6.10

ClogPv.4 738 C\~ o’\©/°~©
LFER 7.66 Cl -

Cypermethrin: E=2.56,V =2.97

Table 15: Cypermethrin analogy descriptors

E S A B A\
Permethrin 1.90 0.00 0.73
(+) ~#N 0.90 0.02 0.36
Cypermethrin 2.56 2.80 0.02 1.09 2.97

The addition of a cyano group increases both dipolarity/polarisability and hydrogen
bond acidity descriptors. A slight but not significant increase can also be observed in the
hydrogen bond acidity value.

LogPoct  PMI2 6.60 i
ClogPv4 628 C'\/yjo OO
LFER 6.14 cl

Lambda-cyhalothrin: E=1.95, V =3.04

Table 16: Lambda-cyhalothrin analogy descriptors

E S A B \%
Cypermethrin 2.80 0.02 2.09
(- ~Cl 0.23 0.00 -0.07
(+) ~CE)F)F) -0.04 0.00 -0.03
A-cyhalothrin 1.95 2.63 0.02 0.99 3.04
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The dipolarity/polarisability of lambda-cyhalothrin is similar to that of cypermethrin.

This molecule is however much larger than the former two due to the presence of the

trifluoromethyl group.

Log Poct PM12 7.00 F_F
ClogPv.4  6.54 i o) OO
LFER 6.60

Tefluthrin: E=0.79, V=2.44

Table 17: Tefluthrin analogy descriptors

E S A B v
Permethrin 1.90 000 | 073
() ~Cl 0.23 0.00 | -0.07
() ~CEYF)EF) 2004 | 000 | -003
(-) ~clceceelOc2cecccc2 0.99 0.00 0.26
) ~ cle®BAC)E)cl®) | 0.44 0.00 0.04
Tefluthrin 0.79 | 118 | 0.00 055 | 2.44
LogPoct  PMI2 6.50 FE _ ° I r
ClogPv4  6.14 Fd ?i:(
LFER 6.67 F

Tefluthrin shows good activity on soil pests due to its vapour action and low water
solubility. On the whole, the results obtained for pyrethroids log Poct are consistent
with the ClogP calculated values and Pesicide Manual’s observed values.

VI-3.2 Diphenyl ethers
Diphenyl ethers are herbicides that were developed in the mid 1970’s. The experimental

descriptors for diphenylether were previously estimated ' and the descriptors for

Bifenox, Fomesafen, Oxyfluorfen and Fluazifop-butyl were estimated by addition of the
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i

appropriate fragments. (Fomesafen is an acid, and the calculations apply to the neutral

form.)

Diphenyl ether:

E=1.216,S=1.08, A=0.00,B=0.19,V=1.38

Bifenox: E=1.88, V=2.16

Table 18: Bifenox analogy descriptors

E S A B A\

Diphenyl ether 1.08 0.00 0.19
+H2~Cl 0.19 0.00 .-0.07
(+) ~COOC 0.68 0.00 0.38
(+) ~NO, 0.51 0.00 0.05
Bifenox 1.88 2.46 0.00 0.55 2.16
LogPoct  PMI2 454 o 2/

ClogP v.4 4.96 o]

LFER 4.88 cl O

0O
Fomesafen: E=1.61, V=2.55
Table 19: Fomesafen analogy descriptors
E S A B \Y

Diphenyl ether 1.08 0.00 0.19
(+) ~NO, 0.51 0.00 0.05
() ~CEF)F) -0.04 0.00 -0.03
(H~Cl 0.11 0.00 -0.08
(+) ~C(=O)NS(=0)(=0)C 0.46 0.06 1.47
Fomesafen 1.61 2.12 0.06 1.60 2.55
LogPoct  PMI2 3.09 FF >

ClogPv.4  3.28 Fm N

. o , N\,,
Cl o©
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LFER

2.96

Oxyfluorfen: E=1.16, V=2.21

Table 20: Oxyfluorfen analogy descriptors

E S A B A%

Diphenyl ether 1.08 0.00 0.19
(+) ~NO, 0.51 0.00 0.05
() ~C(FXFXF) -0.04 0.00 -0.05
) ~Cl 0.11 0.00 -0.05
(+)~0CC 0.21 -0.03 0.16
Oxyfluorfen 1.16 1.87 0.00* 0.30 221
Log Poct PM12 4.47 \é) 0

ClogP v.4 5.82 o. :@ F

LFER 6.17
*By dcﬁnjtion_, A cannot be negative
Fluazifop-butyl: E =0.79, V=2.66
Table 21: Fluazifop-butyl analogy descriptors

E S A B v

~Oclnccecl 0.76 0.00 0.47
(+) ~C(EF)F)F) -0.04 0.00 -0.05
(+) ~CCC(=0)OCCCC 0.56 0.00 0.47
(+) ~Oclcceccl 0.75 0.00 0.29
Fluazifop-butyl 0.79 2.03 0.00 1.18 2.66
Log Poct PM12 4.50

ClogPv.4 543 FF 0 Chiral

LFER 4.44 Fy\(j Ooﬁ o™

N O
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The main difficulty in the estimation of diphenyl ethers descriptors lies in the broadness
of the chemical classes, where the functional group may be quite diverse. Compounds
such as fomesafen contain an acidic sulfonyl group (pKa ~2.5), while fluazifop-butyl is
not actually a diphenyl ether due to the presence of the pyridine. However, when the
right fragments are selected, the descriptor estimation may be reliable. If we consider
the case of fluazifop-butyl, the estimation started on methoxy-pyridine, the properties of
which differ from diphenyl ether and the logPoct value obtained is consistent with the
Pesticide Manual observed value |

VI-3.3 Dinitroanilines

2,6- Dinitroanilines can be used in several fields of agrochemistry. Flumetralin is
classified in the Pesticide Manual as a plant growth regulator, trifluralin as a herbicide
and fluazinam as a fungicide. The experimental descriptors for 2,6-dinitroaniline being
unavailable, the latter were estimated based on the experimental descriptors for aniline

and 2-nitroaniline.

Aniline: E=0.96,S=0.96, A=0.26,B=0.41,V=0.82
2-nitroaniline: E=1.18,S=1.37,A=0.30,B=0.36, V=0.99

2,6-dinitroaniline: E=1.40,S=1.78, A=0.34,B=0.31,V=1.16

Fluazinam: E=1.55,V=2.25

As previously mentioned (p.95), fluazinam is an acid, with a pKa~6.8. All
measurements, were carried out on the neutral form.

The overall A descriptor of the molecule should be zero, as the hydrogen bond acidity
of the linking amine is decreased due to the presence of the nitro-groups on one side and
the chlorine on the pyridine, creating intra-molecular hydrogen bonding. The
dinitroaniline side has also no hydrogen bond acidity for the same reason and therefore
acts rather as a dinitrobenzene. No other group in the molecule exhibits hydrogen bond
acidity, A =0.
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The estimation started with 2-N,N-dimethylaminopyridine, to which a chlorine (from

chloropyridine) was added, as well as CF5. This first fragment gives:
E = 0.650 (calculated from equation ITI-4)
S$=1.0-0.04-0.01=1.05 LFER logPoct calc =1.95
A=0.00 ClogP v.4 =2.14
B=0.62-0.05-0.12=0.45
V =1.09 (calculated from equation II-11)

The second dinitrobenzene fragment gives:
E = 0.895 (calculated from equation I11-4)
S=1.60-0.04+0.13=1.69 LFER logPoct calc =2.68
A=0.00 ClogP v.4 =3.24
B=0.47-0.05-0.04=0.38
V = 1.36 (calculated from equation III-11)

In this second fragment, the hydrogen bond basicity has to be corrected. Although some
functional groups may be exhibiting some hydrogen bond accepting properties, they

'counteract' each other’s dipole moment due to their disposition around the benzene

core. Overall, the B descriptor should not be greater than 0.2, and the LFER log Poct
becomes 3.30. By adding the two fragments together we can then obtain the overall

descriptors for fluazinam.

Table 22: Fluazinam analogy descriptors

E S A B A\ LFER log | ClogP
Poct

fragment 1 1.05 0.00 | 045 | 1.95 2.14
(pyridine)
fragment 2 1.69 0.00 | 0.20 3.30 3.24
(dinitrobenzene)
Fluazinam 1.55 2.74 0.00 0.65 2.25 5.25 5.38
Log Poct PM12 3.56 - E ' FF

ClogPv.4 592 7 |N° .

LFER 525 X N *

| o? o
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Trifluralin: E=1.06, V=220

Table 23: Trifluralin analogy descriptors

E S A B A\
dinitroaniline 1.78 0.34 0.31
(+) ~CEXE)F) -0.04 0.00 -0.05
(+) ~N(CO)CC 029 0.00 0.27
Trifluralin 1.06 2.03 0.34 0.53 2.20
Log Poct PM12 5.07
ClogP v.4 532
LFER 5.13
Flumetralin: E=1.79, V=2.53
Table 24: Flumetralin analogy descriptors
E S A B v
trifluralin 2.03 0.34 0.53
(+) ~Fcleceecl 0.57 0.00 0.10
H~A 0.11 0.00 -0.05
Flumetralin 1.79 2.71 0.34 0.58 2.53
. Ol—‘
Log Poct PM12 no value available F

ClogP v.4
LFER

6.36

5.88 F
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Table 25: Summary of analogues descriptors

E B PM ClogP LFER
Permethrin 1.95 190 0.00 0.73 2.88 6.10 7.38 7.66
Cypermethrin 256 280 0.02 1.09 2.97 6.60 6.28 6.14
1-cyhalothrin 1.95 2.63 0.02 0.99 3.04 7.00 6.54 6.60
Tefiuthrin 0.79 118 0.00 0.55 2.44 6.50 6.14 6.67
Bifenox 1.88 246 0.00 0.55 2.16 4.54 4.96 4.88
Fomesafen .61 212 0.06 1.60 2.55 3.09 3.28 2.96
Oxyfiuorfen .16 1.87 -0.03 0.30 2.21 4.47 5.82 6.17
Fluazifop-butyl 0.79 2.03 0.00 1.18 2.66 4.50 5.43 4.44
Fluazinam .55 2.74 0.00 0.65 2.25 3.56 5.92 5.25
Trifluralin 1.06 2.03 034 0.53 2.20 5.07 5.32 5.13
Flumetralin .79 271 0.00 0.58 2.53 6.36 5.88

The ClogP values in table 25 are consistent with those obtained using the analogy
approach for the determination of LFER descriptors and subsequent calculation of log
Poet. The Pesticide Manual values are usually slightly lower than the latter two,
however we have seen that errors might have occurred by confusing log D and log P
values for compounds such as fomesafen or fluazinam. On the whole, the analogy
approach proved to be a reliable method to estimate LFER descriptors and a good

option when experimental data are not available.

VI-4 Property estimation

Table 26: Final descriptors

Chemical E from A B Vfrora
cattM aa Vr program Vr prograin m
strobilurin azoxystrobin 2.59 1.68 0.00 2.46 2.92 Descfit
strobilurin kresoxim-methyl 1.15 098 0.00 1.55 242 Descfit
strobilurin picoxystrobin 1.04 .19 000 142 241 Descfit
chloroacetaniiide  acetochlor 1.16 1.04 031 136 2.14 Descfit
chloroacetanilide  propachlor 1.02 0.72 0.00 1.16 1.66 Descfit
chloroacetaniiide  flurochioridone 1.06 092 032 1.01 1.87 Descfit

143



S-triazine Cyanazine 1.73 224 |1 045 | 097 1.77 Descfit
S-triazine simazine 1.55 1.71 { 0.37 | 0.79 1.48 Descfit
S-triazine Ltrazine 1.51 1.24 | 0.33 | 0.94 1.62 Descfit
S-triazine terbuthylazine 1.51 1.37 | 0.18 i 0.88- 1.76 Descfit
yrimidine dimethirimol 1.04 0.28 | 0.00 | 1.53 1.78 Descfit
yrimidine thirimol 111 0.86 | 036 | 125 178  |Descfit
yrimidine bupirimate 1.24 0.86 | 0.92 | 1.66 244 Descfit
yrimidine yrimethanil 1.65 1.00 | 0.05 | 0.96 1.62 Descfit
imidine cyprodinil 2.06 0.97 { 0.10 | 0.90 1.80 Descfit
Amide metalaxyl 1.07 098 | 0.00 | 1.85 223 Descfit
Amide furalaxyl 1.49 1.14 | 0.00 | 1.71 232 Descfit
Amide napropamide 1.51 0.87 | 0.00 | 1.52 2.25 Descfit
jamide isoxaben 1.37 086 | 031 | 1.74 2.60 Descfit
hmide diphenamid 142 [013]007]175] 200 [Deschi
lazole iflutriafol 1.63 151 ] 020 { 122 1.87 Descfit
[azole tebuconazole 1.48 1.59 | 031 | 1.20 227 Descfit
[azole hexaconazole 1.91 091 | 0.15 | 1.59 241 Descfit
bzole aclobutrazol 163|149 | 023 | 142 | 225  [Descfit
carbamate carbaryl 1.51 193 ] 032 | 0.75 1.54 Descfit
carbamate irimicarb 1.18 1311 000 | 141 1.89 Descfit
carbamate fenoxycarb 1.31 195 | 0.78 | 1.03 2.32 Descfit
carbamate carbetamide 1.2 1.86 | 0.62 | 1.23 1.85 Descfit
thiocarbamate rosulfocarb 1.18 040 | 0.03 | 123 2.1226  [Descfit
henylurea fluometuron 0.77 1.33 | 047 | 0.77 1.55 Descfit
henylurea chlorotoluron 1.37 1.64 | 0.33 | 0.86 1.62 Descfit
henylurea diuron - 1.5 1.86 | 0.52 | 0.71 1.60 Descfit
henylurea fenuron 1.21 192 | 038 | 0.78 1.35 Deschit
sulfonylurea chlorsulfuron 2.02 -0.10] 0.00 | 2.28 2.24 Descfit
Lu.lfonylurea rosulfuron 1.43 2.56 | 0.07 | 1.82 2.65 Descfit
benzoylurea diflubenzuron 1.87 1.09 | 0.04 | 1.11 1.99 Descfit
benzoylurea hexaflumuron 138 | 102 108 [ 106 | 253 [Descfit
benzoylurea chlorfluazuron 2.29 229 | 038 | 1.39 3.06 Descfit
yrethroid permethrin 1.95 1.90 | 0.00 | 0.73 2.88 Analogy
yrethroid cypermethrin 2.56 2.80 { 0.02 | 1.09 297 Analogy
yrethroid A-~cyhalothrin 1.95 263 | 0.02 | 0.99 3.04 Analogy |
id tefluthrin 0.79 1.18 { 0.00 | 0.55 244 Analogy
diphenyl ether ifenox 1.88 246 | 0.00 | 0.55 2.16 Analogy |
diphenyl ether fomesafen 1.61 2.12 | 0.06 | 1.60 2.55 Analogy
diphenyl ether oxyfluorfen 1.16 1.87 | 0.00 { 0.30 221 Analogy
diphenyl ether fluazifop-butyl 0.79 2.03 | 000 ] 1.18 2.66 Analogy
,6-dinitroaniline fluazinam 155 2.74 | 0.00 | 0.65 2.25 Anatogy
D 6-dinitroaniline trifluralin 1.06 2.03 | 034 | 053 2.20 ogy
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2,6-dinitroanilme

flumetralin

1.79

271

0.58

Analogy

Now that the descriptors were estimated for the agrochemical dataset, a large number of

physicochemical properties can be estimated, for which an LFER exists.

Table 27a: Pesticides solvent-water partition estimations

azoxystrobin

kresoxim-methyl

picoxystrobin
acetochlor
propachlor

flurochioridone

Cyanazine
simazine
atrazine
terbuthylazine
dimethirimol
ethirimol
bupirimate
pyrimethanil
cyprodinil
metalaxyl
furalaxyl
napropamide
isoxaben
diphenamid
flutriafol
tebuconazole
hexaconazole
paclobutrazol
carbaryl
pirimicarb
fenoxycarb
carbetamide
prosulfocarb
fluometuron
chlorotoluron
diuron
fenuron
chlorsulfuron
prosulfuron
diflubenzuron
hexaflumuron

chlorfluazuron
permethrin

.isobutanol

(wet)

2.94
3.35
341
2.98
2.24
3.04
2.31
2.17
2.52
2.96
2.05
2.32
3.32
2.72
3.57
2.12
2.78
3.20
3.64
2.48
2.46
3.49
3.68
3.08
2.26
2.00
3.68
1.93
3.67
2.27
2.35
2.56
1.52
2.39
2.45
3.46
4.58
5.18
6.27

pentfinol

2.84
3.52
3.62
3.12
2.29
3.27
2.43
2.29
2.67
3.19
1.99
2.38
3.45
2.89
3.88
2.03
2.82
3.34
3.82
243
2.55
3.75
3.88
3.23
241
1.98
4.03
1.94
3.95
243
2.49
2.77
1.55
2.21
2.44
3.73
5.03
5.69
7.10

2.37
3.26
3.35
291

2.09
3.15
2.18
2.13
2.55
3.07
1.75
2.19
3.30
2.79
391

1.60
2.50
3.13
3.60
2.24
2.31

3.56
3.74
2.99
2.22
1.62
3.87
1.62
3.87
2.26
231

2.63
1.29
1.97
1.85
3.64
5.07
5.54
7.15

- decaool v

1.79
3.26
3.45
2.84
1.94
3.16
1.99
1.93
2.36
3.01
1.45
1.98
3.11
2.59
3.73
1.36
2.28
2.98
3.50
1.83
2.08
3.58
3.52
2.84
2.10
1.42
4.00
1.42
3.89
2.28
2.20
2.54
1.11
1.24
1.77
3.51
5.17
5.68
7.71

oteyl alcohol

0.37
271
3.11
2.27
1.27
2.62
1.51
1.33
1.58
2.35
0.51
1.30
2.37
1.61
249
0.74
1.48
2.07
2.72
0.53
1.33
3.09
2.35
2.13
1.65
0.90
3.82
1.13
3.06
2.11
1.72
2.09
0.83
-0.67
1.70
2.46
4.58
5.04
7.29
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cypermethrin
X,-cyhalothrin
tefiuthrin
bifenox
fomesafen
oxyfiuorfen
fluazifop-butyl
fluazinam
trifluralin
flumetralin

Table 27b: Pesticides solvent-water partition estimations

azoxystrobin

kresoxim-methyl

picoxystrobin
acetochlor
propachlor

flurochioridone

cyanazine
simazine
atrazine
terbuthylazine
dimethirimol
ethirimol
bupirimate
pyrimethanil
cyprodinil
metala”l
furalaxyl
napropamide
isoxaben
diphenamid
flutriafol
tebuconazole
hexaconazole
paclobutrazol
carbaryl
pirimicarb
fenoxycarb
carbetamide
prosulfocarb
fluometuron
chlorotoluron
diuron
fenuron
chlorsulfuron
[prosulfuron

5.40
5.62
5.33
4.24
3.06
5.00
3.93
3.89
4.29
4.98

1.88
3.26
3.48
291
2.05
3.19
2.32
2.19
2.48
3.08
1.51
2.12
3.15
2.60
3.56
1.56
2.36
2.93
343
1.78
2.26
3.64
3.38
2.93
2.38
1.68
4.13
1.82
3.70
2.53
243
2.78
1.55
1.12
2.20

«tiianbi

2.15
3.59
3.77
3.19
2.22
3.47
2.28
2.20
2.63
3.25
1.78
2.34
3.60
2.81
3.92
1.73
2.61
3.27
3.89
2.17
2.37
3.89
3.82
3.16
2.36
1.74
4.38
1.82
4.17
2.61
2.48
2.83
1.41
1.60
2.14

6.01
6.31
6.05
4.77
3.19
5.71
431
4.37
4.85
5.64

1.63
3.30
3.48
2.98
1.98
3.33
2.00
1.98
2.45
3.05
1.52
2.14
3.49
2.60
3.77
1.35
2.25
3.00
3.66
1.92
2.08
3.66
3.58
2.87
2.11
1.38
4.24
1.55
4.01
2.46
2.25
2.65
1.15
1.28
1.62

5.85
6.15
6.07
4.66
2.77
5.71
3.96
4.13
4.76
5.52

1.69
3.40
3.56
2.96
2.04
3.30
1.83
1.85
2.38
3.03
1.61
2.09
3.33
2.63
3.80
1.42
2.33
3.09
3.68
2.03
2.04
3.61
3.64
2.85
1.99
1.41
4.03
1.36
4.13
2.33
2.15
2.48
0.98
1.43
1.58

6.11
6.64
6.76
4.95
2.72
6.34
4.41
4.49
5.23
6.01

1.91
3.53
3.66
3.09
2.13
3.42
1.85
1.89
2.47
3.10
1.77
2.22
3.59
2.74
3.96
1.54
2.46
3.25
3.90
2.26
2.13
3.72
3.86
2.98
1.99
1.46
4.14
1.41
431
2.36
2.19
2.52
0.96
1.76
1.58

2.29
3.90
4.08
3.40
2.35
3.70
2.25
2.19
2.73
3.43
1.90
2.43
3.81
2.98
4.23
1.82
2.79
3.55
4.22
2.36
2.44
4.14
4.16
3.35
2.35
1.78
4.60
1.74
4.57
2.66
2.52
2.87
1.28
1.78
2.17

5.56
6.52
6.82
4.68
2.35
6.44
4.75
4.59
5.39
6.02

1.79
3.54
371
3.04
2.07
3.39
1.82
1.84
241
3.11
1.63
2.11
342
2.71
3.96
1.44
2.41
3.22
3.84
2.08
2.08
3.75
3.81
2.95
1.99
1.41
4.16
1.31
431
2.33
2.16
2.50
0.90
1.49
1.61
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diflubenzuron 3.40 3.72 3.51 3.56 3.71 4.02 3.72

hexaflumuron 5.03 5.60 5.63 5.42 5.68 6.01 5.62
chlorfluazuron 5.54 5.97 5.71 5.66 5.83 6.45 5.96
permethrin 7.29 7.85 7.71 7.80 7.92 8.61 8.24
cypermethrin 5.97 6.28 5.95 5.96 6.05 6.80 6.31
X,-cyhalothrin 6.49 6.84 6.55 6.58 6.64 7.43 6.95
tefiuthrin 6.46 6.96 6.88 6.99 7.06 7.63 7.34
bifenox 4.96 5.09 4.84 4.82 4.81 5.44 5.05
fomesafen 2.94 3.04 2.62 2.62 2.68 3.20 2.72
oxyfiuorfen 6.18 6.49 6.37 6.41 6.41 7.04 6.72
fluazifop-butyl 4.53 471 4.39 4.43 4.43 5.07 4.63
fluazinam 4.64 4.67 435 432 4.26 4.95 4.51
trifluralin 5.26 5.48 5.35 5.27 5.28 5.86 5.48
flumetralin 5.96 6.16 5.90 5.90 5.88 6.63 6.20

Table 27c: Pesticides solvent-water partition estimations

OGtan-1-ol d«can-l-ol propim-2-0) teobutapol t-butaaol trilluoroethanol
(dry) ref
PiQ  (dry)refp (dry) refl (dry)reft fdry)réft (dry)reft (dry)refs
azoxystrobin 1.36 1.99 1.55 1.67 1.88 1.09 5.03
kresoxim-methyl 3.14 3.47 3.29 3.39 3.37 3.15 5.20
picoxystrobin 3.37 3.56 3.49 3.57 3.55 342 5.21
acetochlor 2.71 2.99 2.98 2.98 2.98 2.82 4.15
propachlor 1.80 2.07 1.93 2.03 2.06 1.82 3.52
flurochioridone 3.11 3.33 3.31 3.29 3.27 3.20 3.82
cyanazine 1.84 1.68 2.02 1.89 2.07 1.91 2.57
simazine 1.82 1.78 1.96 1.87 2.02 1.86 2.32
atrazine 2.25 2.43 2.40 2.36 2.44 2.24 2.90
terbuthylazine 2.97 3.08 3.00 2.99 3.05 2.90 3.52
dimethirimol 1.21 1.75 1.45 1.60 1.62 1.23 3.68
ethirimol 1.81 2.11 2.13 2.12 2.15 1.95 3.22
bupirimate 2.92 343 3.56 3.39 3.33 3.22 4.01
pyrimethanil 2.51 2.80 2.49 2.55 2.63 2.33 3.37
cyprodinil 3.73 4.15 3.62 3.64 3.70 3.38 3.90
metalaxyl 1.05 1.40 1.35 1.48 1.55 1.17 4.25
furalaxyl 2.05 2.43 2.22 2.32 2.39 2.00 4.56
napropamide 2.83 3.29 2.93 3.04 3.06 2.71 4.74
isoxaben 3.35 3.86 3.65 3.68 3.63 3.39 5.18
diphenamid 1.56 2.33 1.82 1.96 1.98 1.48 4.05
flutriafol 1.91 2.06 2.05 2.05 2.17 1.88 3.31
tebuconazole 3.52 3.63 3.67 3.62 3.65 3.54 4.40
hexaconazole 3.38 3.97 3.49 3.55 3.57 3.18 4.90
paclobutrazol 2.69 2.92 2.86 2.85 2.93 2.66 4.21
carbaryl 2.01 1.85 2.11 2.02 2.17 2.05 2.50
pirimicarb 1.20 1.33 1.37 1.46 1.56 1.26 3.56
fenoxycarb 3.98 3.91 4.33 4.11 4.11 4.23 3.97
carbetamide 1.20 1.13 1.64 1.50 1.61 1.51 2.53
prosulfocarb 3.87 4.37 3.94 4.04 3.96 3.77 5.00
fluometuron 2.21 2.13 2.51 241 2.43 2.50 2.73
chlorotoluron 2.10 2.05 2.25 2.18 2.29 2.17 2.77
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diuron 2.48 2.37 2.66 2.51 2.62 2.58 2.52

fenuron 0.95 0.72 1.17 1.08 1.25 1.15 1.84
chlorsulfuron 0.83 1.96 1.11 1.32 1.40 0.56 4.26
prosulfuron 1.48 1.30 1.71 1.74 1.90 1.65 4.53
diflubenzuron 3.45 3.82 3.40 3.45 3.51 3.19 4.27
hexaflumuron 5.20 5.56 5.69 5.43 5.30 5.42 4.55
chlorfluazuron 5.70 5.84 5.72 5.60 5.63 5.51 6.01
permethrin 8.01 8.06 7.65 7.63 7.54 7.64 7.06
cypermethrin 6.22 6.13 5.91 5.86 5.95 5.82 6.26
A-cyhalothrin 6.82 6.63 6.57 6.52 6.52 6.59 6.77
tefiuthrin 7.06 7.04 6.89 6.91 6.71 7.02 6.44
bifenox 5.09 4.80 4.80 4.76 4.84 4.86 4.72
fomesafen 2.53 2.53 2.65 2.68 2.80 2.54 4.75
oxyfiuorfen 6.65 6.37 6.37 6.33 6.25 6.54 5.63
fluazifop-butyl 4.44 4.18 4.49 451 4.47 4.61 5.81
fluazinam 4.59 4.11 438 4.34 4.43 4.52 4.73
trifluralin 5.41 5.11 5.41 5.29 5.23 5.52 4.79
flumetralin 6.22 5.84 591 5.85 5.88 6.02 5.69

Table 27d: Pesticides solvent-water partition estimations

compdOttd pentane heptane octane  nonane decane hexadecéné isooctane
(w/d) ref
tw/d)rrfe (Wd) refef* i« e Wd)r*ra & #W e I
azoxystrobin -0.93 0.20 -0.15 -0.07 -0.37 0.47 0.59 -0.25
kresoxim-methyl — 2.11 2.73 2.44 2.48 2.34 2.79 2.84 2.40
picoxystrobin 2.36 2.78 2.62 2.64 2.52 2.95 2.99 2.55
acetochlor 0.66 1.22 0.97 0.98 0.87 1.24 1.26 0.85
propachlor 1.07 1.57 1.32 1.36 1.22 1.55 1.63 1.32
flurochioridone 1.36 1.78 1.61 1.59 1.51 1.78 1.81 1.46
cyanazine -1.12 -1.16 -0.81 -0.94 -1.05 -0.60 -0.59 -1.15
simazine -0.47 -0.41 -0.20 -0.30 -0.41 -0.05 0.00 -0.46
atrazine 0.25 0.60 0.57 0.52 0.41 0.74 0.81 0.37
terbuthylazine 1.53 1.75 1.82 1.75 1.65 2.01 2.09 1.61
dimethirimol 0.38 1.29 0.73 0.85 0.66 1.02 1.11 0.82
ethirimol -0.31 0.27 -0.02 0.00 -0.11 0.20 0.22 -0.11
bupirimate -1.39 -0.43 -0.96 -0.94 -1.01 -0.68 -0.76 -1.16
pyrimethanil 1.58 2.04 1.95 1.92 1.78 2.15 2.29 1.81
cyprodinil 2.71 3.28 3.17 3.12 3.00 3.38 3.56 2.97
metalaxyl -0.32 0.41 0.03 0.13 -0.08 0.43 0.46 0.07
furalaxyl 0.71 1.42 1.14 1.19 1.00 1.53 1.61 1.10
napropamide 1.80 2.55 2.22 2.27 2.11 2.57 2.67 2.17
isoxaben 1.13 2.04 1.58 1.63 1.50 1.94 1.97 1.48
diphenamid 0.38 1.59 0.88 1.02 0.82 1.22 1.34 0.96
flutriafol 0.01 0.37 0.38 0.34 0.19 0.64 0.71 0.20
tebuconazole 1.34 1.65 1.67 1.61 1.51 1.94 1.97 1.43
hexaconazole 1.74 2.66 2.29 2.32 2.16 2.65 2.77 2.16
paclobutrazol 0.61 1.09 1.01 0.99 0.85 1.33 1.38 0.83
carbaryl -0.16 -0.25 0.08 -0.04 -0.15 0.23 0.27 -0.21
pirimicarb -0.03 0.35 0.25 0.28 0.10 0.56 0.61 0.21
fenoxycarb 0.16 0.26 0.42 0.29 0.27 0.61 0.54 0.03
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carbetamide
jrosulfocarb
fluometuron
chlorotoluron
diuron
fenuron
chlorsulftiron
prosulfuron
difliibenzuron
hexaflumuron

chlorfluazuron
permethrin

cypermethrin
A.-cyhalothrin
tefluthrin
bifenox
fomesafen
oxyfluorfen
fluazifop-butyl
fluazinam
trifluralin
flumetralin

-2 33
3.26
-0.11
-0.02
-0.29
-1.47
-0.49
-0.85
2.46
0.69
2.88
7.35
4.63
5.51
6.95
4.11
0.63
6.31
3.32
3.42
3.58
5.20

-2.17
4.01
-0.07
0.05
-0.32
-1.62
1.25
-0.78
3.01
1.36
3.20
7.36
4.55
5.29
6.88
3.72
0.86
5.89
3.15
2.85
3.23
4.68

-2.08
3.59
0.00
0.22
-0.05
-1.31
0.25
-0.53
2.89
1.07
3.40
7.70
5.12
5.84
7.02
4.36
1.00
6.39
3.43
3.58
3.67
542

-2.15
3.64
-0.07
0.13
-0.18
-1.41
0.46
-0.57
2.87
0.99
3.26
7.53
4.92
5.65
6.92
4.16
0.96
6.20
3.35
3.38
3.49
5.19

Table 27e: Pesticides solvent-water partition estimations

azoxystrobin

kresoxim-methyl

picoxystt-obin
acetochlor
propachlor
flurochloridone
cyanazine
simazine
atrazine
terbuthylazine
dimethirimol
ethirimol
bupirimate
pyrimethanil
cyprodinil
metalaxyl
ftiralaxyl
napropamide
isoxaben
diphenamid
flutriafol
tebuconazole
hexaconazole

3.84
4.93
523
341
3.17
3.46
2.39
2.20
2.58
3.81
2.58
2.18
1.78
3.54
4.39
3.11
3.96
441
4.15
2.66
3.01
4.34
4.43

1.73
3.68
3.89
2.10
2.23
251
0.53
0.85
1.52
2.81

1.65
0.97
0.21

2.82
3.98
1.40
2.49
3.37
2.83
1.83
1.58
2.92
3.45

JACI3 aM CH(C12
‘(w/d) refd (w/d) refc (w/d) refc (w/d)#fc

2.29
3.85
4.29
2.62
2.35
2.95
2.33
2.13
2.26
3.51
1.33
1.45
0.93
3.05
4.02
1.75
2.81
3.37
3.02
1.26
2.46
3.86
3.45

2.08
3.79
4.16
2.43
2.28
2.81
1.72
1.70
2.02
3.32
1.37
1.24
0.65
3.02
4.12
1.53
2.67
3.39
2.96
1.41
2.15
3.58
3.50

-2.26 -1.86
3.53 3.85
-0.13 0.10
0.03 0.38
-0.25 0.08
-1.52 -1.17
0.18 0.73
-0.76 -0.06
2.73 3.15
1.01 1.25
3.18 3.78
7.51 7.96
4.82 5.50
5.60 6.18
6.94 7.17
4.09 4.56
0.79 1.41
6.22 6.51
3.28 3.74
3.31 3.81
3.50 3.80
5.15 5.65
diloroben”é
firdiwic
1.70
3.70
4.14
2.35
2.12
2.75
1.67
1.60
1.87
3.20
1.12
1.12
0.56
2.79
3.84
1.39
2.49
3.18
2.82
1.07
2.00
3.54
3.24

251
3.75
4.25
271
2.19
3.07
2.96
2.59
2.55
3.79
1.00
1.51
1.25
3.20
4.32
1.53
2.78
3.34
3.07
0.99
2.73
4.21
3.59

-1.93
3.95
0.06
0.41
0.09
-1.18
0.90
-0.10
3.31
1.18
3.84
8.10
5.63
6.26
7.23
4.67
1.44
6.59
3.71
3.86
3.79
5.73

-2.33
3.56
-0.20
-0.02
-0.38
-1.55
0.40
-0.72
2.73
0.69
2.96
7.29
4.63
5.39
6.79
3.95
0.80
6.03
3.22
3.18
3.29
4.95

PGDP
Wrefc

0.51

2.58
291

1.98
1.48
2.54
1.46
1.54
1.82
271

0.62
1.11
1.37
2.30
3.45
0.40
1.48
2.30
2.34
0.75
1.51
2.95
2.65
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paclobutrazol 3.82 2.33 3.11 2.86 2.73 3.38 2.10

carbaiyl 2.67 1.20 2.66 2.17 2.12 3.14 1.82
jiriinicarb 3.09 1.52 2.21 1.91 1.79 2.17 0.86
fenoxycarb 3.47 1.71 3.37 2.84 2.95 4.04 3.08
carbetamide 1.34 -0.74 0.97 0.31 0.32 1.40 0.44
prosulfocarb 4.93 4.43 4.01 4.21 4.04 3.87 3.34
fluometuron 2.27 0.93 2.08 1.65 1.70 2.31 1.73
chlorotoluron 2.67 1.29 2.49 2.08 2.02 2.86 1.78
diuron 2.44 1.02 2.52 2.03 2.00 3.10 2.09
fenuron 1.55 -0.17 1.50 0.87 0.86 1.90 0.73
chlorsulfuron 2.22 1.34 0.35 0.63 0.08 0.02 -0.21
prosulfuron 4.20 1.45 3.29 2.59 2.63 3.58 1.04
diflubenzuron 4.61 3.88 4.04 4.07 3.84 4.25 3.14
hexaflumuron 3.27 2.08 3.00 2.77 2.78 3.64 3.73
chlorfluazuron 6.62 5.01 6.26 5.99 5.96 7.04 5.01
permethrin 9.47 8.88 9.42 9.51 9.54 10.01 7.90
cypermethrin 8.29 6.79 8.20 7.93 7.91 9.05 6.13
A.~cyhalothrin 8.90 7.44 8.80 8.53 8.65 9.49 6.72
tefluthrin 8.31 7.89 8.11 8.21 8.37 8.25 6.94
bifenox 6.81 5.63 7.04 6.72 6.76 7.69 5.31
fomesafen 4.76 2.68 3.97 3.52 3.49 4.26 2.12
oxyfluorfen 8.03 7.36 8.25 8.14 8.30 8.67 6.83
fluazifop-butyl 6.73 4.94 6.17 5.78 5.99 6.33 4.20
fluazinam 6.68 5.04 6.84 6.33 6.48 7.45 4.81
trifluralin 6.03 4.79 6.20 5.83 6.03 6.73 5.19
flumetralin 8.15 6.83 8.40 8.06 8.20 9.12 6.42

Table 27f: Pesticides solvent-water partition estimations

ethyl acetate. oUveoU
W W k hiM ifl
azoxystrobin 0.61 0.73 -0.52 2.53 2.77 0.13
fl-esoxim-methyl 3.06 2.69 2.15 3.40 3.51 2.30
picoxystrobin 3.29 2.95 2.52 3.43 3.78 2.66
acetochlor 2.39 2.30 1.74 2.99 3.13 1.59
propachlor 1.76 1.58 1.18 2.25 2.04 1.18
flurochloridone 3.01 2.84 2.48 3.34 3.36 221
cyanazine 1.14 1.67 1.28 2.07 3.11 1.17
simazine 1.40 1.74 1.44 2.18 2.72 1.25
atrazine 2.00 2.09 1.69 2.75 2.86 1.51
terbuthylazine 2.92 2.84 2.56 3.33 3.58 2.51
dimethirimol 1.07 0.85 0.18 1.95 1.31 0.20
ethirimol 1.42 1.48 0.92 2.25 2.18 0.66
bupirimate 2.10 2.25 1.32 3.30 3.31 0.69
pyrimethanil 2.60 241 2.05 321 2.99 2.09
cyprodinil 4.03 3.64 3.26 4.59 4.19 3.31
metalaxyl 0.54 0.54 -0.22 1.50 1.61 -0.02
furalaxyl 1.74 1.61 0.91 2.61 2.71 1.16
napropamide 2.80 2.46 1.84 345 3.25 2.02
isoxaben 3.04 2.77 1.98 3.79 3.72 1.91
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diphenamid
flutriafol
tebuconazole
lexaconazole
paclobutrazol
carbaiyl
pirimicarb
fenoxycarb
carbetamide
prosulfocarb
fluometuron
chlorotoluron
diuron
fenuron
chlorsulfuron
prosulfuron
diflubenzuron
hexaflumuron
chlorfluazuron
permethrin
cypermethrin
X,-cyhalothrin
tefluthrin
bifenox
fomesafen
oxyfluorfen
fluazifop-butyl
fluazinam
trifluralin
flumetralin

1.42
1.53
3.24
3.32
2.32
1.59
0.80
3.34
0.22
4.19
1.80
1.72
2.02
0.30
0.57
0.54
3.62
4.71
5.48
8.77
6.35
7.06
7.85
5.32
1.99
7.31
4.32
4.58
5.47
6.52

1.12
1.67
3.18
2.97
2.32
1.94
0.89
3.57
0.84
3.55
2.02
1.96
2.37
0.86
0.27
0.97
3.27
4.64
5.26
7.82
5.99
6.55
6.87
5.09
2.11
6.62
4.04
4.51
5.24
6.14

0.25
1.17
2.74
2.22
1.73
1.71
0.38
3.16
0.28
3.11
1.79

1.66
2.11
0.62
-1.01
0.34
2.84
4.00
4.72
7.84
5.75
6.46
7.06
5.17
1.55
6.94
3.92
4.62
5.33
630

2.60
2.41
3.68
4.20
3.10
221
1.55
3.78
1.29
4.35
2.14
2.33
2.65
1.07
2.50
1.38
4.16
5.29
5.86
7.86
6.29
6.46
6.53
4.97
2.65
6.11
3.79
4.15
4.85
5.78

Table 27g: Pesticides solvent-water partition estimations

azoxystrobin

kresoxim-methyl

picoxystrobin
acetochlor
propachlor
flurochloridone
cyanazine
simazine
atrazine
terbuthylazine
dimethirimol
ethirimol

2.14
2.58
2.70
2.50
1.55
2.64
2.28
2.05
2.25
2.60
1.20
1.89

0.36
2.77
3.15
2.31
1.56
2.92
1.84
1.84
2.10
2.98
0.59
1.38

-0.64
2.18
2.59
1.45
1.08
2.17
0.77
0.97
1.29
2.35
0.04
0.49

0.32
2.61
3.07
2.17
1.48
2.80
2.18
2.09
2.14
3.07
0.33
1.25

0.62
2.66
3.15
2.34
1.54
2.92
2.62
2.40
2.35
3.23
0.35
1.43

1.68
2.76
4.24
3.90
3.49
2.99
1.90
4.81
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3.81

2.66
2.89
3.39
1.95
1.12
2.98
3.99
5.51

6.88
8.58
7.66
7.94
6.98
6.18
3.71

7.05
5.13
5.80
6.02
7.34

0.29
1.21
2.68
2.35
1.79
1.59
0.55
2.69
-0.05
3.09
1.36
1.50
1.80
0.40
-0.75
0.75
2.98
3.19
4.86
8.07
6.26
6.84
6.99
5.43
1.88
6.96
4.10
4.89
5.11
6.59

0.65
2.45
3.09
2.50
1.35
3.10
3.78
3.22
2.79
3.59
-0.18
1.62
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bupirimate 3.14 2.02 0.47 1.62 1.91 2.41

pyrimethanil 2.22 2.39 1.89 2.40 2.49 2.52
cyprodinil 3.13 3.61 3.11 3.55 3.60 3.59
metalaxyl 1.28 0.42 -0.31 0.30 0.46 0.28
furalaxyl 2.03 1.53 0.85 1.45 1.59 1.48
napropamide 2.46 2.39 1.81 2.22 2.28 2.01

isoxaben 3.02 2.66 1.72 2.35 2.47 2.39
diphenamid 1.61 0.71 0.03 0.31 0.32 -0.32
flutriafol 2.07 1.68 0.88 1.79 2.04 2.47
tebuconazole 3.15 3.36 2.49 3.39 3.60 4.10
hexaconazole 3.05 2.81 2.06 2.58 2.66 2.50
paclobutrazol 2.63 2.35 1.49 2.36 2.58 2.93
carbaryl 2.14 2.15 1.32 2.47 2.80 371

pirimicarb 1.36 0.92 0.28 1.00 1.19 1.32
fenoxycarb 3.75 3.85 2.54 391 4.28 5.43
carbetamide 1.85 0.90 -0.38 1.07 1.51 2.57
prosulfocarb 2.92 3.54 3.11 3.24 3.16 2.67
fluometuron 2.10 2.22 1.32 2.30 2.55 3.23
chlorotoluron 2.15 2.11 1.28 2.30 2.59 3.30
diuron 2.57 2.56 1.57 2.80 3.15 4.18
fenuron 1.43 1.05 0.13 1.40 1.79 2.80
chlorsulfuron 1.34 -0.49 -1.25 -1.01 -1.01 -1.96
prosulfuron 1.93 1.23 0.27 1.58 2.01 2.83
diflubenzuron 2.92 3.28 2.76 3.24 3.30 3.28
hexaflumuron 4.68 4.67 3.14 432 4.57 5.38
chlorfluazuron 4.97 5.56 4.55 5.64 591 6.71

permethrin 5.87 8.47 8.15 8.53 8.51 8.79
cypermethrin 5.12 6.54 5.94 6.90 7.13 7.97
A.~cyhalothrin 5.29 7.27 6.74 7.56 7.72 8.46
tefluthrin 4.80 7.55 7.36 7.47 7.35 7.32
bifenox 4.02 5.71 5.29 6.14 6.34 7.17
fomesafen 2.54 2.32 1.51 2.53 2.83 3.37
oxyfluorfen 4.68 7.42 7.20 7.63 7.64 8.12
fluazifop-butyl 3.38 4.67 4.12 4.85 5.01 5.47
fluazinam 3.67 5.25 4.76 5.76 6.03 7.04
trifluralin 4.18 5.89 5.21 6.10 6.29 7.16
flumetralin 4.77 6.95 6.53 7.39 7.58 8.49

Table 27h: Pesticides solvent-water partition estimations

compound acetonitrile nitrpmetliane N-methylpyrrolidkoire ethylene ycoMiepWe DMSO

(dry) reft (d#reft (dry) reft (dry) reft
azoxystrobin 0.17 0.48 1.37 -1.21 0.32
kresoxim-methyl ~ 2.15 2.30 2.74 0.70 1.99
picoxystrobin 2.74 3.00 3.37 0.72 2.73
acetochlor 1.58 1.76 3.13 -0.70 2.57
propachlor 1.21 1.18 1.55 0.30 0.91
flurochloridone 2.14 2.24 3.73 -0.39 3.16
cyanazine 2.28 2.89 4.83 -2.62 4.59
simazine 2.02 2.37 4.10 -1.89 3.74
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atrazine 1.74 1.89 3.59 -1.21 3.01

terbuthylazine 2.75 2.96 4.27 -0.37 3.62
dimethirimol -0.15 -0.37 -0.05 0.26 -0.81
ethirimol 0.71 0.78 2.24 -1.19 1.74
mpirimate 0.27 0.45 3.70 -2.84 3.22
pyrimethanil 2.03 2.02 3.06 0.09 2.20
cyprodinil 2.82 2.75 4.38 0.40 3.24
metalaxyl 0.20 0.36 0.44 -0.34 -0.10
furalaxyl 1.20 1.36 1.85 -0.07 1.09
napropamide 1.69 1.71 241 0.52 1.49
isoxaben 1.43 1.54 3.07 -0.37 2.27
diphenamid -0.49 -0.81 0.01 0.13 -1.00
flutriafol 1.66 1.93 3.16 -1.14 2.59
tebuconazole 2.93 3.31 4.92 -0.77 4.34
hexaconazole 1.75 1.76 3,23 0.06 2.14
paclobutrazol 2.00 2.31 3.66 -0.88 3.01
carbaryl 2.55 3.01 4.55 -1.74 4.24
pirimicarb 1.11 1.36 1.58 -0.48 1.12
fenoxycarb 3.21 3.84 6.75 -2.49 6.51
carbetamide 0.97 1.52 3.54 -3.18 3.51
prosulfocarb 2.33 2.17 3.01 1.37 2.01
fluometuron 2.00 2.32 3.92 -1.56 3.78
chlorotoluron 2.20 2.56 4.07 -1.51 3.72
diuron 2.58 3.04 5.25 -2.21 4.96
fenuron 1.67 2.16 3.55 -2.39 3.50
chlorsulfuron -1.96 -2.46 -1.57 -0.05 -2.93
prosulfuron 2.19 3.06 3.31 -1.58 3.15
diflubenzuron 2.69 2.72 3.92 0.45 2.90
hexaflumuron 2.61 2.89 7.04 -2.48 6.47
chlorfluazuron 4.93 5.59 8.01 -0.71 7.12
permethrin 7.68 8.15 9.68 231 8.49
cypermethrin 6.71 7.51 9.06 0.51 8.06
X-cyhalothrin 7.29 8.12 9.35 1.13 8.52
tefluthrin 6.64 6.91 7.72 2.73 6.90
bifenox 6.20 6.87 7.97 0.53 7.29
fomesafen 2.70 3.32 3.94 -0.76 3.46
oxyfluorfen 7.24 7.75 8.69 1.96 8.00
fluazifop-butyl 4.89 5.60 5.77 0.78 5.46
fluazinam 6.13 6.99 7.70 0.18 7.32
trifluralin 5.71 6.35 8.01 -0.04 7.66
flumetralin 7.40 8.23 9.31 0.94 8.66

Table 28a: Pesticide property estimations: other parameters

Rpmpomd skin blood-brain  ratbrain  rat-retina %Wdpole®  cell permeation
permeation  distribution perm”tion permeation narcosis (log 1/C) (logk)
Elrefw  {kurlffliftrefx  GPyrefy (P) ref* iaaa (web ref ah
azoxystrobin -7.01 0.93 0.40 0.44 4.12 -5.65
kresoxim-methyl -5.37 1.07 1.49 0.80 4.24 -3.90
picoxystrobin -5.10 0.92 1.34 0.69 441 -3.87
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acetochlor
propachlor
flurochloridone
cyanazine
simazine
atrazine
terbuthylazine
dimethirimol
ethirimol
bupirimate
pyrimethanil
cyprodinil
metalaxyl
furalaxyl
napropamide
isoxaben
diphenamid
flutriafol
tebuconazole
hexaconazole
paclobutrazol
carbaryl
pirimicarb
fenoxycarb
carbetamide
prosulfocarb
fluometuron
chlorotoluron
diuron
fenuron
chlorsulfuron
prosulfuron
diflubenzuron
hexaflumuron

chlorfluazuron
permethrin

cypermethrin
X-cyhalothrin
tefluthrin
bifenox
fomesafen
oxyfluorfen
fluazifop-butyl
fluazinam
trifluralin
flumetralin

-5.83
-5.56
-5.24
-5.75
-5.49
-5.46
-4.79
-6.35
-6.22
-7.09
-4.90
-4.24
-6.76
-6.01

-5.41

-5.98
-6.51

-5.72
-5.13
-5.40
-5.65
-5.26
-6.08
-5.46
-6.81

-4.71

-5.63
-5.42
-5.31

-5.96
-7.31

-6.42
NS5T
-5.58
-4.21

-1.76
-2.90
-2.63
-2.29
-2.89
-5.63
-2.03
-4.26
-3.30
-3.47
-2.39

0.59
0.71
0.56
-0.51
-0.26
0.21
0.39
1.00
0.39
0.39
0.67
0.96
0.73
0.86
1.11
1.06
1.28
0.24
0.44
1.18
0.50
-0.33
0.38
-0.17
-0.54
1.40
-0.17
-0.12
-0.36
-0.64
1.65
-0.09
0.95
0.41
0.70
1.39
0.72
0.81
1.32
0.31
0.33
0.77
0.53
0.03
0.20
0.42

1.00
0.46
1.22
-0.92
-0.54
0.35
0.74
0.66
0.42
1.56
0.87
1.98
-0.02
0.69
1.49
1.97
1.36
-0.01
1.10
2.08
0.73
-0.66
-0.44
0.93
-1.09
2.52
-0.14
-0.28
-0.24
-1.58
1.54
-1.22
1.68
2.86
2.49
4.22
2.30
2.66
3.69
1.23
0.02
2.66
1.07
0.46
1.61
1.83

0.54
0.13
0.87
-0.25
0.01
0.57
0.93
0.05
0.11
0.84
1.06
2.29
-0.65
0.32
1.08
1.21
0.73
0.20
0.98
1.80
0.65
-0.08
-0.60
0.85
-0.96
1.82
-0.26
0.03
0.27
-1.05
0.97
-1.25
1.77
2.31
2.59
4.12
2.86
2.75
2.93
1.84
-0.01
2.57
0.47
0.93
1.52
2.24

Table 28b: Pesticide property estimations: other parameters

391

2.99
4.03
3.97
3.60
3.73
4.29
2.46
3.13
4.11

3.88
4.93
2.74
3.70
4.12
4.49
2.89
3.71

4.85
4.75
4.32
3.80
2.93
5.24
3.15
4.46
3.35
3.70
4.11

2.89
2.65
3.90
4.75
5.84
7.18
8.39
7.83
7.90
6.80
6.41
4.51

6.91

5.39
6.03
6.08
7.32

481
-3.58

-4.35

-5.91

-5.11

-4.73

AT

3.72
-4.89
-6.85

3.67
-3.57
-4.53

-1.37
-3.88
-4.95
402
-4.83
-4.92
-4.38
-4.97
-5.04
-4.33
-6.39
-6.49
3.17
-5.01

-4.94
-5.49
-5.40
431

-5.76
-3.69
-6.68
-5.49
-2.99
437
-1.00
-2.39
3.71
-5.06
2.74
-4.02
-1.05
-4.33
-3.70
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azoxystrobin
cresoxim-methyl
picoxystrobin
acetochlor
propachlor
flurochloridone
cyanazine
simazine
atrazine
terbuthylazine
dimethirimol
ethirimol
bupirimate
pyrimethanil
cyprodinil
metalaxyl
furalaxyl
napropamide
isoxaben
diphenamid
flutriafol
tebuconazole
hexaconazole
paclobutrazol
carbaryl
pirimicarb
fenoxycarb
carbetamide
prosulfocarb
fluometuron
chlorotoluron
diuron
fenuron
chlorsulfuron
prosulfuron
diflubenzuron
hexaflumuron
chlorfluazuron
permethrin
cypermethrin
X-cyhalothrin
tefluthrin
bifenox
fomesafen
oxyfluorfen
fluazifop-butyl
fluazinam
trifluralin

5.05
4.60
4.62
4.06
3.13
3.84
3.46
3.05
3.38
3.83
3.06
3.26
4.46
3.57
4.37
3.56
4.19
4.40
4.94
3.60
3.61

4.63
4.93
4.36
3.18
3.24
4.74
3.11

4.52
2.99
3.26
3.40
2.45
3.84
4.34
4.45
545
6.68
7.26
6.91

7.00
5.95
5.25
4.68
5.65
5.23
5.05
5.10

5.40
4.89
5.11
4.27
3.30
4.24
4.59
3.99
4.03
4.79
2.68
3.28
4.07
4.33
5.45
3.34
4.44
4.75
4.97
3.13
4.30
5.48
5.39
5.00
431

3.55
5.62
3.48
4.81

3.45
4.11

4.46
3.26
3.05
5.15
5.38
5.80
8.35
9.58
9.44
9.37
7.44
7.56
5.61

7.76
6.40
7.26
6.73

Wa
1.57
0.56
0.55
1.74
0.49
1.44
2.68
2.05
1.69
1.00
0.62
1.96
4.11
0.45
0.28
1.17
0.89
0.49
1.73
0.82
1.54
1.69
0.96
1.61
1.91
1.01
3.49
3.52
0.06
2.29
1.88
2.52
241
0.82
2.02
0.32
4.07
1.85
-0.59
0.38
0.22
-0.67
0.15
1.40
-0.48
0.63
0.49
1.30

2.49
1.24
1.19
2.29
0.97
1.92
3.02
2.37
2.12
1.48
1.19
241
4.67
0.98
0.93
1.77
1.57
1.20
2.46
1.52
2.03
2.26
1.74
221
2.22
1.49
3.92
3.82
0.75
2.54
2.23
2.83
2.60
1.71
2.56
0.99
4.64
2.66
0.27
1.21
1.00
-0.02
0.70
2.02
0.07
1.19
0.97
1.74

partition

rafy
1.76
2.97
3.30
2.80
1.63
3.16
2.88
2.53
2.62
3.29
0.77
1.91
3.18
2.59
3.80
0.97
2.07
2.68
3.25
1.07
2.35
3.93
3.33
3.04
2.80
1.38
4.81
2.04
3.40
2.63
2.69
3.32
1.80
0.23
233
3.52
5.62
6.46
8.24
7.12
7.52
6.83
5.87
3.12
6.93
4.76
5.49
5.99
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{lumetralin | 6.09 | 8.65 | o007 | o068 | 7.04 |

Table references:

a M.H.Abraham, H.S.Chadha, G.S.Whiting and R.C.Mitchell, J.Pharm.Sci., 83, 1085(1994)

b M.H.Abraham, H.S.Chadha, J.Dixon and A.J.Leo, J.Phys.Org.Chem., 7, 712(1994)

¢ M.H.Abraham, unpublished equation.

d M.H.Abraham, J.A Platts, A .Hersey, A.Leo and R.W.Taft, J.Pharm.Sci.(1999)

¢ M.H.Abraham and C.E.Green, unpublished work

I M.H.Abraham and W_E. Acree, unpublished equation.

j M.H.Abraham, A.M.Zissimos and W.E.Acree,Jr., PCCP, 3, 3732(2001)

k M.H.Abraham et al., unpublished work.

1 M.H.Abraham, C.E.Green and W E.Acree, Jr., CS2 unpublished work.

m M.H.Abraham, G.S.Whiting, P.W.Carr and H.Ouyang, J.Chem.Soc., Perkin Trans.2, 1385(1998)
n M.H.Abraham, G.S.Whiting, W.J.Shuely and R.M.Doherty, Can.J.Chem., 76, 703(1998)

o M.H.Abraham, J.Le, W.E.Acree,Jr., and P.W.Carr, J.Phys.Org.Chem., 12, 675(1999)

p M.H.Abraham, J.Le and W.E.Acree,Jr., Coll.Czech.Chem.Comm., 64, 1748-1760(1999)

q M.H.Abraham, J. Le, W.E.Acree,Jr., P.W.Carr and A.J.Dallas, Chemosphere, 44, 855(2001)
s M.H.Abraham et al.,unpublished work

t M.H.Abraham and W.E.Acree,Jr., unpublished work

u M.H.Abraham, F Martins, R.C.Mitchell and C.J.Salter, J.Pharm.Sci., 88, 241(1999)

v J.A.Platts and M.H.Abraham, Env.Sci.Tech., 34, 318-323(2000)

w M.H.Abraham, F Martins and R.C.Mitchell, J.Pharm.Pharmacol., 49, 858.( 1997)

X M.H.Abraham, H.S.Chadha and R.C.Mitchell, J Pharm.Sci., 83, 1257(1994)

y J.A.Gratton, M.H.Abraham, M.W.Bradbury and H.S.Chadha, J.Pharm.Pharmacol., 49, 1211(1994)
z J.A Gratton, M.H.Abraham, M. W .Bradbury and H.S.Chadha, unpublished equation.
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CHAPTER VII:
AGROCHEMICAL LFER PROFILE

VII-1 LFER using agrochemical dataset versus existing LFERs

The purpose of this exercise is to calculate the LFER coefficients obtained using the
descriptors determined for compounds in the agrochemical dataset, and compare them
with those of existing LFERs. In this way, it can be confirmed that the LFER
coefficients do indeed reflect the solvent-system properties only and do not depend on
the compounds under study. The same problem arises as in the previous chapter (VI-1),
in that properties other than those used to estimate the descriptors should be used. Data
were available for the Chromatography Hydrophobicity Index, CHIacnt.

Dataset 1 = using Klara Valko’s dataset (fragment addition descriptors):
CHIcn = 41.25 + 4.84E —15.24S-23.99A-65.39B-67.68V (VI-1)
N =86,r=0.989,s=4.1, F =698

Dataset 2 = using the agrochemicals dataset (experimental descriptors):
CHIacn = 49.48 + 4.20E -16.61S-30.40A-71.86B-70.66V (VII-2)

N=38,r=0.768,s=10.3, F=21.18

Table 1: CHI LFER equation VII-1 versus VII-2

_ Std error on Std error on Difference
coefficient | Dataset 1 | Dataset 2 Dataset 1 Dataset 2 Dt1-Dt2
e 4.84 420 4.50 514 -0.64
S -15.24 -16.61 2.18 3.55 -1.37
a -23.99 -30.40 14.05 7.64 +6.41
b -65.39 -71.86 14.30 7.83 +6.47
v

-657.68 -70.66 4.25 7.23 -2.98

In general, a difference is considered significant when it is more than twice the standard

error on the value of interest. Therefore, the coefficients of dataset 1 are not markedly
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different from those of dataset 2. Coefficients e, s and v are not markedly different. The
main differences are found in the hydrogen bond acidity and basicity values and could
be caused by the fact that descriptors in dataset 1 were determined by fragment addition
(Absolv), those in dataset 2, experimentally.The descriptors for the compounds in
dataset 2 were estimated using Absolv 1.4. and a new regression was obtained:

Dataset 2 = using the agrochemicals dataset (ﬂagmeht addition descriptors):
CHlacn =41.50 + 5.74E —14.758-5.42A-41 48B-51.09V (VII-3)

n=238, > =0.61,sd =13.41,F =998

Table 2: CHI LFER equation VII-1 versus VII-2

Std error|Std errorStd error
EquI1 EqV|12 EQV“3 Difference | Difference
coefficien Eq.VII.1{Eq.VII.2|Eq.VII.3 Eq.1 - Eq.3JEq.2 - Eq.3
e 4.84 4.2 5.74 4.50 5.14 8.55 -4.0 -3.41
S -15.24 | -16.61 | -14.75 | 2.18 3.55 9.6 -7.42 -6.05
a | 2399 | -304 | -542 | 1405 | 7.64 8.67 5.38 . -1.03
b 65.39 | -71.86 | 41.48 { 14.30 7.83 8.73 5.57 -0.90
v 67.68 | -70.66 | 51.09 | 425 | 7.23 | 9.56 -5.31 -2.33

The regression thereby obtained has a lower F-statistic value of only 9.98. However, the
coefficients in equation VIL.3 are not markedly different from those in equations VII.1
and VII.2, with the exception of the dipolarity/polarisability descriptor, S.

It can be confirmed that the coefficients of the general solvation equation are
representative of the solvent-system under study and do not depend on the particular
dataset of compounds. Some differences might however appear, depending on the way

the descriptors were estimated.
VII-2 Bioavailability - Rules of ‘n’
VII-2.1 Existing ‘rules’
Several authdrs have attempted to characterise chemicals according to their physico-

chemical properties. Lipinski et ol ™ laid out a set of empirically derived rules, ‘rule of

5°, to describe the physico-chemical properties of orally bioavailable pharmaceutiéals,
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based on an analysis of over 2000 compounds selected from the World Drug Index
(WDI by Derwent Co.). Their rules were consistent with results obtained by Ghose et al
B1 3 couple of years later, based on more than 6000 pharmaceuticals in the
Comprehensive Medicinal Chemistry (CMC) database. In the same year, Briggs et al &

*l took a similar approach to a much smaller set of agrochemical products.

1997 Lipinski’s rule of 5’ for bioavailability of pharmaceuticals:
Poor adsorption/permeation is likely for structures where two or more of these ‘limits’

are exceeded:

e Log Poct < 5.00 (calculated with ClogP!®], <4.15 for Mlog PL"
e Molecular weight <500
e H bond donors < 5 (sum of OH and NH)

e H bond acceptors <10 (sum of O and N)
Compound classes that are substrates for biological transporters are exceptions to the
rule.

1999 Ghose’s rules for bioavailability of pharmaceuticals:
80% of the 6000 compounds studied had the following ranges for properties:
e Molecular weight 160-480
e Total number of atoms 20-70
e Molar refractivity 40-130
e LogPoct -04t05.6

1997 Briggs’ rule of ‘3’ for bioavailability of agrochemicals:

Poor bioavailability is likely for structures if three or more of these limits or ranges are

exceeded:
e LogPoct 0-6
e Molecular weight 200-400
e Melting point 150 degC
¢ H bond donors 3 (sum of OH and NH)
e H bond acceptors 6 (sum of N and O)
¢ Rigid rings 3
o AlogP 3.00 (AlogP = log Poct — log Palkane)
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From those ‘rules’, a few differences between agrochemicals and pharmaceuticals can

U213} i1 which

be observed. An in-depth comparative study was carried out by C.Tice
he points out the following differences as shown in Table 3.

A key difference between these two fields of chemistry, which is not directly covered in
Lipinski, Briggs or Ghose’s rules is the effect of ionisation state for acids and bases.
The majority of agrochemicals are neutral compounds, whereas many drug molecules
tend to be basic. These properties were taken into account by Clarke and Delaniey ! in a

new set of rules for agrochemicals.

2002 Clarke-Delaney guidelines for agrochemicals bioavailability:

* Molecular weight 200 - 400 (up to 500 for I)

* log Poct 1-5 (upto71)

* AlogP* 0.5-4 (upto 3 forH, S forI)

» Water solubility/ppm 10" -10* (10'2 —10° for D

* Charge at pH7 -ve/neutral (neutral I, neutral/+ve F)
* H bond donors 0-1 (up to 0.5 for F)

* H bond acceptors 0.7-2

 Aromatic atom proportion 0.2-0.7 (0-0.6 forI)

* Heteroatom atom proportion 02-0.5

*AlogP = log Poct — log Palkane

* I = insecticide

* H = herbicide

* F = fungicide
N.B.: Clarke and Delaney chose to give the hydrogen bond acidity and basicity in terms
of LFER descriptors, A and B, rather than counting the donors and acceptors.
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Table 3: Property profiles: Pharmaceuticals versus agrochemicals

[5,12-13}

Pharmaceuticals

Agrochemicals

Preferred
delivery route

Oral dosing

Spraying

Target

Molecules should not only bind
selectively to the appropriate
receptor in man but also have the
appropriate phys/chem properties to
reach the target site when delivered
orally.

Molecules should bind selectively
to the appropriate receptor in the
target species and also have the
appropriate phys/chem properties
to reach that target when sprayed
in the field.

Barriers

Uptake occurs mainly in the small
intestine via the intestinal
epithelium ", A further barrier to
uptake of central nervous system is
the blood/brain barrier *7),

The barriers vary.

1. Post-emergence herbicides
must generally be able to
penetrate the leaf cuticle (35361
to have whole-plant activity
and often have superior
properties when thay are
phloem-mobile.

2. Root and shoot uptake and
xylem mobility are more
important for pre-emergence
herbicides.

3. For contact activity,
insecticides must be absorbed
through the insect integument,
but insecticides can also be
taken up by the plant which is
eaten by the insect, in which
case, the compound may be
absorbed into the insect
through the mid-gut "*?!

‘Rules’

Lipinski, Ghose

Briggs, Clarke-Delaney

Half-lives

12-30hrs (in vivo)

Days or weeks (in vivo)

Structural
differences

Less alcohols and amines in agrochemicals than in pharmaceuticals due
to their relatively easy metabolism by conjugation with sugars or by

oxidation.

Heterocyclic rings are equally prevalent in both fields but more aromatic
heterocycles in agrochemicals (more stable)

Around 75% of drug molecules are
basic but a much lower number are
acidic, and a  sigpificant
number will be neutral ).

Very small number of acidic
functional groups in insecticides
and fungicides but some in post-
emergence herbicides (promoting
phloem mobility *)

The majority of commercial
pesticides are neutral with around
20% being acidic (mainly
herbicides) and very few, < 5%
being basic P,
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VII-2.2 LFER profile for agrochemicals

In this chapter, an attempt is made to characterise agrochemicals in terms of LFER

descriptors. Histograms were plotted to represent the distribution of experimental

descriptor values for the agrochemical dataset under study.

Figure 1: Distribution of agrochemicals descriptor values
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0.0 0.0-0.5 0.5-1.0 1.0-1.6 1.5-2.0 2.0-2.5 2.5-3.0 3.0-3.5

descriptor value

V distribution

0.0 0.0-0.5 0.5-1.0 1.0-1.5 1.5-2.0 2.0-2.5 2.5-3.0 3.0-3.5

descriptor value

The same approach was applied to a dataset of 36 pharmaceuticals for which

descriptors were known. (The dataset is composed of compounds used by K.Valko

the

for her study of the CHI value and A.Zissimos  for his study ofthe various descriptor

estimation methods.)

Table 4. Pharmaceuticals descriptor values

compound S A B v relbiiEce

salicylic acid 0.89 0.84 0.71 0.38 0.99 [23], experimental descriptors
atropine 1.19 194 0.36 1.64 228 [23], experimental descriptors
aspirine 093 0.80 0.49 1.00 1.29 [23], experimental descriptors
nicotine 0.87 0.75 0.00 1.14 1.37 [23], experimental descriptors
ephedrine 092 0.76 021 021 1.44 [23], experimental descriptors
quinine 247 123 037 197 2.55 [23], experimental descriptors
propanolol 1.85 143 044 131 2.15 [23], experimental descriptors
tetracaine 1.12 092 0.34 133 2.26 [23], experimental descriptors
papaverine 2.19 093 0.00 2.04 2.59 [23], experimental descriptors
tryptamine 1.53 1.27 0.55 097 1.33 [23], experimental descriptors
dicofenac 1.97 1.58 0.90 0.83 2.03 [23], experimental descriptors
chlorpromazine 244 183 0.00 0.94 241 [23], experimental descriptors
ibuprofen 0.86 0.97 0.60 0.70 1.78 [23], experimental descriptors
lidocaine 123 149 0.11 127 2.06 [23], experimental descriptors
deprenyl 1.05 1.00 0.00 0.94 1.72 [23], experimental descriptors
desipramine 1.99 1.64 0.10 092 2.26 [23], experimental descriptors
fluoxetine 124 133 0.08 1.06 2.24 [23], experimental descriptors
procaine 1.14 136 025 141 198 [23], experimental descriptors
miconazole 237 2.00 0.00 1.20 2.72 [23], experimental descriptors
caffeine 1.50 1.60 0.00 1.33 1.36 [1], Absolv descriptors
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lidocaine 1.01/1.49/0.11}1.27| 2.06 f1], Absolv descriptors
hydrocortisone 2.031349]|0.711.90} 2.80 1], Absolv descriptors
cortisone-21-acetate | 1.823.11[0.212.13 [ 3.05 f1], Absolv descriptors
progesterone 1.4513.29[0.00]1.14 | 2.62 1], Absolv descriptors
butalbarbital 1.03[1.14|1047{1.18| 1.66 {[1], Absolv descriptors
jadenine 1.6811.80/0.70|0.83 | 0.92 j1], Absolv descriptors
dexamethasone 2.0413.51{0.71|1.92 | 2.91 [1], Absolv descriptors
cortexolone 1.9113.4510.36{1.60| 2.74 {[1], Absolv descriptors
corticosterone 1.8613.43]0.40]1.63 | 2.74 [1], Absolv descriptors
pldosterone 2.0113.47{0.40{1.90| 2.69 [1], Absolv descriptors
hydroquinone 1.00{1.00)|1.1610.60| 0.83 1], Absolv descriptors
3-et barbituric acid 1.0611.14]0.461.16 | 1.09 1], Absolv descriptors
indomethacin 2.24(2.85/0.40|1.08| 2.53 [1], Absolv descriptors
deoxycorticosterone [ 1.743.50]0.14]1.31| 2.68 [1], Absolv descriptors
cortisone 1.96(3.50{0.36{1.87] 2.76 [1], Absolv descriptors
estradiol 1.80{3.30/0.880.95 | 2.20 [1}, Absolv descriptors

Figure 2: Distribution of pharmaceuticals descriptor values
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The distribution of descriptor values for agrochemicals can be subdivided into

fungicides, herbicides and insecticides and compared to pharmaceuticals.

Figure 3: distribution of LFER descriptor values
F = Fungicides

H = Herbicides

I = Insecticides

P = Pharmaceuticals
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291 3.063.05

~ 0247

+ 0.86
0.770.79
0.62®
0.65 0.

In general, the excess molar refraction descriptor values, for these sets of
pesticides and drugs, range from 0.75 to around 2.50. E provides a quantitative
measure of the ability of a solute to interact with the solvent through n and n
electrons and this property is similar in both fields.

The dipolarity/polarisability values vary with the dataset under study.
Insecticides, for instance, have a lower limit of 1.09, i.e. non-polar compounds
will not be absorbed efficiently by the insect. The same applies to drugs where
S ranges from 0.75 to 3.51.
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A Both drugs and pesticides are usually hydrogen bond donors. It can however be
noted that, in this dataset, herbicides (0-0.62) have a relatively lower A value

compared to fungicides and insecticides (0 to 0.92 and 1.08).

B Both drugs and pesticides are usually hydrogen bond acceptors too. It can

however be noted that, in this dataset, insecticides (0.55-1.41) have a relatively
low B value compared to fungicides (0.65-2.46) and herbicides (0.3-2.28).
\Y% The results obtained using the LFER profile show that the maximum McGowan

volume is the same in both fields, but the lower limit is higher for pesticides

(1.35) than for drugs (0.83), i.e. drug molecules can be smaller than
agrochemicals.

From figure 3, it can be said that fungicides and herbicides cover similar ranges of

descriptor value (1.5 units for E, 2.5 units for S, 2.0 units for B, 1.3 units for V), with

the exception of A; where herbicide values are usually slightly lower than those of

fungicides. Insecticides are slightly different from both previous categories in terms of

LFER descriptors (lower values for all descriptors). However, a large overlap can be

observed for the fungicides, herbicides and insecticides. It is interesting to note that

herbicides being by definition plant systemic, they are more likely to be most closely

related to drugs.

The compounds in the agrochemical dataset were selected in order to be representative
of modern pesticide chemistry, therefore the LFER descriptor ranges highlighted in

table 5 can be used as a general indication of bioavailability for agrochemicals.

Table S: LFER profile for agrochemicals

Pharmaceuticals| Fungicides Herbicides | Insecticides | all pesticides
Min. | Max. | Min. | Max. | Min. | Max. | Min. [Max.| Min. | Max.
E 0.86 | 247 | 1.04 | 259 | 0.77 | 2.02 | 0.79 |2.56] 0.77 | 2.59
S 075 | 3.51 | 028 | 2,74 | 0.00 | 2.56 | 1.09 {2.80| 0.00 | 2.80
A 0.00 | 1.16 | 0,00 | 092 | 0.00 | 0.62 | 0.00 |1.08| 0.00 | 1.08
B 021 | 213 | 0,65 | 246 | 030 | 228 | 0.55 |1.41| 0.30 | 2.46
\Y 083 | 3.05 | 1.62 | 292 | 135 | 2.66 | 1.54 |3.06| 1.35 | 3.06

Another exercise was carried out in which the A, B and V LFER coefficients were

correlated with Lipinski’s hydrogen bond acidity and basicity counts and the molecular
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weight. In Lipinski’s rules, hydrogen bond donors were expressed as the sum of OHs
and NHs, and hydrogen bond acceptors as the sum of Os and Ns. Abraham et af
published the following fragment values:

A B
-OH (1°) 0.33 0.45
- OH (2°) 0.32 047 Average A =0.24 for donors
- OH (3°) 0.32 0.49
- NHEt 0.00 0.70
-#N 0.02 0.36 Average B = 0.39 for acceptors
- OMe 0.00 0.43

The molecular weight was plotted against McGowan’s V and the following relationship
was established:
MW=139 V n=41,r=0.79,sd = 37, F = 144

Lipinski value ranges in terms of LFER descriptors become:
A <12

B <39

V<36

These correlations are interesting in that they show that Lipinski’s value ranges are
actually quite large. Indeed, Clarke ! screened around 17,000 diverse agrochemical
compounds covering high throughput screen inputs, hits, leads and commercial products
and the majority of these fall within Lipinski’s rules. On the other hand, Briggs’ rules
may seem much more restrictive, but are based on a much smaller set of commercial
agrochemical products. Although figure V-1 does show that a large number of
agrochemicals in the Pesticide Manual have a log P oct around 3, some chemical classes
such as the pyrethroids, dinitroanilines and diphenyl ethers are well beyond those limits
(Table VI-25). It is important to point out that, although called °‘rules’, the
Lipinski/Ghose/Briggs values are only intended to be guidelines and are applicable to
the chemistry that was available when they first came out. The same applies to the
LFER value range in table 5 for agrochemicals. |
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VII-3 Physico-chemical properties versus transport of pesticides in plants

VII 3.1 Physico-chemical properties

The physical principles of pesticide behaviour have been thoroughly discussed by
Hartley and Graham-Bryce 1%, Bromilow et al ¥ published an extensive review of the
various physico-chemical properties affecting the transport of herbicides in plants and

the topic was discussed by a large number of scientists. A summary is given in table 6:

Table 6: physico-chemical properties affecting the transport of herbicides in plants

UPTAKE BY PLANTS FROM SOIL
Availability of herbicides in soil

Application the herbicide distribution in soil must match to the distribution of the
weed target
Soil sorption coefficient c.f. chapter VIII
UPTAKE BY ROOTS FROM SOIL
|| Uptake of vapour Important pathway only for herbicides that have a low affinity for

water (lipophilic) and higher vapour pressure. Such compounds are
not translocated after uptake and have to be taken up directly at the
site of action (e.g. dinitroanilines)

Uptake via the aqueous phase | Such compounds are more polar than those active via the vapour
phase and can be leached more readily in soil (e.g. non-ionised
herbicides such as triazines and phenylureas, and ionised acidic
compounds such as sulfonylureas)

Translocation from roots to shoots

Non ionised compounds Compounds of intermediate lipophilicity (log Poct~2) are best able to
cross plant membranes, however high the concentration of lipophilic
compounds in the roots

Weak acids Concentration in roots and pH dependent.

UPTAKE & TRANSPORT FOLLOWING FOLIAR APPLICATION

Uptake through the leaf cuticle

Similar to membrane transport. Compounds of intermediate lipophilicity (logPoct ~1 to 3) seem to
penetrate most rapidly.

Transport in xylem

If the problem of cuticular penetration is overcomed than foliar application is generally more reliable
(no loss due to soil sorption and endothermal barrier in roots). Once in the leaf tissue, redistribution via
the xylem follows the main water flow.

Transport in phloem

The efficiency of transport is determined by: (1) the extent to which the compounds are accumulated in
the phloem cells relative to the mesophyll cells and (2) the extent to which the compounds are retained
in phloem cells during transport.

Non-ionised compounds Polar non-ionised compounds have the required limited permeation
rates through membranes that allow movement via phloem. More
lipophilic compounds are expected to cross membranes too quickly to
be phloem mobile, whereas extremely polar compounds would be
unable to cross membranes at a sufficient rate to ever attain reasonable
concentration in leaf phloem.
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Weak acids Most phloem mobile compounds are weak acids. Due to the relatively
high pH of the phloem sap, such acids are significantly ionised and the
anions escape only slowly through the membranes. In addition, the ion
trap mechanism allows substantial accumuiation in the phloem sap
relative to the concentration in the sap of adjacent cells.

From the summary table, conclusions can be drawn as to which physico-chemical

properties are important in pesticide transport processes:

¢ Lipophilicity and aqueous solubility
Transport of pesticides in plants is dictated primarily by the rate at which the
compounds are able to cross the membranes that encompass the transport vessels. This
process appears to be determined mainly by the lipophilicity of the chemical rather than
by any specific prdperty of the molecule such as its shape or the presence of particular
functional groups. Usually, lipophilicity is assessed using log Poct. Partitioning of more
lipophilic chemicals into plant solids is an additional factor that limits their long-
distance transport, and this is also a simple function of lipophilicity.
Water solubility is generally a poor guide to systemic behaviour. Lipophilicity,
however, can be estimated from water solubility using relationships such as those given
by Briggs "™ |
For liquids  log Sw=0.84 —1.18 log Poct
For solids log Sw=0.01 — log Poct — (0.01MPt —0.25)
Here Sw is the molar water solubility and MPt the melting point in degrees C. These
equations were modified by Yalkowski et al, whose method will be illustrated in further
details in chapter XIII.2. In this chapter, however, log Poct and log Sw values were
measured or taken from the Pesticide Manual 12" edition *!

e Acid strength
The situation is more complicated for compounds that are appreciably ionised at
physiological pH, because the ionised and non-ionised forms will have very different
physico-chemical properties and hence different permeation rates across membranes.
For instance, many herbicides are mono-protic acids with pKa in the range of 3-6 and
the anions are typically 3-4 logPoct units lower than the corresponding undissociated
acids. Care must be taken that log Poct values for such compounds are measured at pH

values where only one form is present (as discussed in Chapter V.2.1.)
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If the pH differs in two plant compartments separated by a membrane then there will be
different proportions of the non-ionised and ionised forms of an acid in the two
compartments. The non-ionised form, for example, will cross the membrane much more
rapidly than does the anion, and so non-ionised molecules moving from the low pH
compartment will be substantially ionised in the higher pH compartment and the anions
so produced can only escape slowly. This process is the basis of the ‘ion-trap’ effect,
whereby weak acids can be substantially accumulated in plant cells of high pH.

In this chapter, pKa values were taken from the Pesticide Manual 12® edition 1*),

e Vapour pressure _
Movement of lipophilic herbicides in the vapour phase can be important for transport
from soil to plant. However, compounds transported to the leaves from roots via the
xylem may be lost from leaves by volatilisation. In this chapter, the vapour pressure
values (in Pa at 20degC) were taken from the Pesticide Manual 12® edition (431

e Henry’s constant

Uptake of herbicides into root can take place via air or water phase. Diffusion
coefficients of substances in air are about 10,000 times greater than those in water.
Knowing the Henry’s Constant (the ratio of concentrations in air and in water at
equilibrium), it is possible to predict which phase is the most important for movement
by diffusion in soil and uptake into roots. According to Bromilow et al., only
compounds with Henry’s constants above 10 to 10 are likely to move appreciably as
vapour in moist soil. In drier soils, the limit may be slightly lower, perhaps down to 10
6 beéause the tortuous nature of the fine capillaries containing the soil water limits the
movement of solutes via the water phase. In calculating such constants, it should be
noted that literature values of vapour pressure are not always reliable due to the
difficulties of measuring low vapour pressures. The potential for vapour transport of
weak acids in soil is negligible as they are always substantially ionised. In this chapter,
the Henry’s Constant (in Pa.m>/mol) was taken from the literature 13!,

e Soil sorption coefficient
c.f. chapter VIII
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In this chapter, the log Koc (partition coefficient between the soil water and the soil
organic matter) values were estimated using the LFER established in chapter IX.

e Delta-logP _
Work on blood-brain barrier'*! and skin permeation!*”! has used the parameter AlogP,
where:

AlogP = 10gPoctancl - 102P aikane

and log Pyiane is the alkane-water partition coefficient, generally hexane or cyclohexane.
The important feature of AlogP is that the difference between the logP values is
important, rather than the absolute values. For instance, extending an alkyl chain would
leave the AlogP value essentially unchanged. Since the epicular wax is essentially
hydrocarbon in character'®! this parameter is clearly relevant to foliar uptake. In this
chapter, the AlogP values were calculated from the measured log Poct and hexane-water

partition coefficients.

VII 3.2 Herbicides

Generally, herbicides fall into two main categories: pre-emergence and post-emergence.
This relates to their timing of application. Pre-emergence herbicides are applied to soil
before the target plant emerges from the soil and generally will not kill plants that have
germinated and formed above ground parts. Post emergence herbicides are applied to
plants via the foliage during various growth stages of the weeds above ground growth.
Generally speaking they are most effective when weed plants are young and in active
stages of growth. There are four modes of action that apply to herbicides. The first three
are primarily actions caused by several post-emergence herbicides when applied to leaf
tissue and stems. The fourth is related to the action of several pre-emergence herbicides
on weed seeds still in the ground prior to germination.

1. Herbicides that cause disruption of photosynthesis cause the destruction of tender
plant tissues of the leaves and growing stems.

2. Herbicides that act like growth hormones in the weed plant. Glyphosate, the active
ingredient, inhibits the production of an enzyme which in turn prevents the plant from
manufacturing certain amino acids that are essential for plant growth and life.
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3. Herbicides that, when applied as a pre-emergence treatment to the soil, prevent weed
seeds from completely germinating for several months. The mode of action in this case
is the prevention of formation of the protein "tubulin" which is a building block for
cellular division. This inhibition halts the development of stems and leaves ofthe plant
and results in eventual death ofthe weed.

In the agrochemical dataset, herbicides are represented by the following compounds:
chloroacetanilides, triazines, amides, carbamates, thiocarbamates, phenyl- and

sulfonylureas, diphenyl ether and dinitroanilines.

Table 7: The herbicides descriptor value ranges

Fungicides Herbicides  Insecticides All Pesticides
Min. Max. Min, Max. Min. Max. Min. Max.
1.04 2.59 0.77 2.02 079 2J6 0.77 Z59
028 2.74 0.00 256 1.09 2.80 0.00 2.80
0.00 0.92 0.00 0.62 0.00 1.08 0.00 1.08
0.65 2.46 030 228 055 141 030 246
1.62 2.92 1.35 266 154 3.06 135 3.06

< W » v o

Chloroacetanilides are non-ionised compounds of log Poet generally 1.5 to 4.5 (in our
set 1.78 to 3.33) and are usually applied pre-emergence. Uptake by roots occurs freely,
with the compounds being transported through the xylem pathways of the leaves. The
mode of action involves inhibition of root growth together with interference with cell
division and/or enlargement in the shoots. Some of the compounds may exert their
major effect directly on the shoot of germinating seedlings, this uptake occurring via

both the vapour and aqueous phase in soil.

Table 8: the chloroacetanilide experimental descriptors and physical properties

Compound E S A B A\
Acetochlor 1.16 1.04 031 1.36 2.14
Propachlor 1.02 0.72 0.00 1.16 1.66
Flurochloridone 1.06 0.92 0.32 1.01 1.87
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ko*Poet' logSw . logKkoc ""fiogyp He

(raol/1) (hex) (Po/20dogO (Pa.m3/mol)
acetochlor 3.02 -3.07 2.17 2.58 -0.40 3.83 10’
propachlor 2.18 -2.57 -0.01 2.10 -2.21 3.65 103
fluorochloridone 3.33 -3.94 1.8 2.67 -3.62 3.90 103

Generally, the effects of amides on plants are similar to those produced by the
chloroacetanilides, though the biochemical mode of action is uncertain. These
compounds are also of intermediate lipophilicity with log Poet value of 1.5 to 3.4 (in
our set 1.61 to 3.92). Most are applied to soil, from where they are readily taken up by

roots and translocated to shoots.

Table 9: the amide experimental descriptors and properties

Compound E B
Napropamide 1.51 0.87 0.00 1.52 2.25
Isoxaben 1.37 0.86 031 1.74 2.60
f)iphenamid 1.42 0.13 0.07 1.75 2.00

1li0gSw D-logP . e
compound logPoet  MoM) (hot) loaEoe logVP(PtiQ E E E E k UPa#Anol)

aapropamide 3.30 -3.57 2.29 2.95 -3.53 1.97 10-3
isoxaben 3.92 -5.37 1.28 3.01 -6.61 1.29 10"*
diphenamid 2.28 -2.8 2.03 2.15 Negligible at 20 °C

The ureas can be divided into the phenylureas, that are non-ionised herbicides, and
sulfonylureas, that are ionised acidic compounds. The mode of action of ureas involves
inhibition of the Hill reaction that occurs in the chloroplasts. They are usually applied
pre-emergence to soil, with efficient uptake by roots and subsequent movement via the
xylem to the mature leaves necessary to reach the site of biochemical action. In isolated
chloroplasts, inhibition of the Hill reaction increases with increasing log Poet, but
availability in soil and efficiency of transport to shoots decrease above logPoct~2. The
compounds thus span quite a narrow range of lipophilicity with log Poet 1 to 3 (in our
set 0.99 to 2.75). These properties provide a practical compromise between the

conflicting requirements for availability, transport and intrinsic activity.
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Table 10: The phenylurea and sulfonylurea experimental descriptors and properties

Phenylurea fluometuron 0.77 1.33  0.47 0.77 1.55

Phenylurea chlorotoluron 1.37 1.64 0.33 0.86 1.618

Phenylurea diuron 1.5 1.86 0.52 0.71 1.60

PhCTyiurea fenuron 1.21 1.92 0.38 0.78 1.35

Sulfonylurea chlorsulfliron 2.02 -0.10 0.00 2.28 2.24

Sulfonylurea prosulturon 1.43 2.56 0.07 1.82 2.65

bgPoct O-logP 102KOG
(hex) (Pa,m3/moD

fluometuron 2.36 -3.35 2.24 2.05 -4.18
chlorotoluron 2.43 -3.49 291 2.49 -5.62 1.44 10"~
diuron 2.75 -3.82 2.65 2.72 -6.29 7.04 107
fenuron 0.99 -1.69 -0.15 1.87 -3.44
chlorsulfuron 1.89 -4.05 2.62 2.21 -8.94 3.00 109 3.6(PM) weak acid
prosulturon 1.97 0.97 2.52 -5.78 3.00 10*0  3.76(PM) weak acid

Applied as pre- and post-emergence compounds, triazines inhibit photosynthesis and
many of the criteria for activity are the same as for the ureas. All compounds are well
taken up by roots and are translocated to shoots via the xylem. In the S-triazine series,

log Poet ranges from 1.5 to 3.7 (in our case, 2.13 to 3.21).

Table 11:the triazines experimental descriptors and properties

- -a [
Cyanazine 1.73 224 045 097 1.77
Simazine 1.55 1.71  0.37 0.79 1.48
Atrazine 1.51 1.24 0.33 0.94 1.62
Terbuthylazine 1.51 1.37 0.18 0.88 1.76
logSw D-logP logKoc : fogW 7 4"-
(hex) (Pa/20deeQ (Pa,m3/mol)
very weak
cyanazine 2.13 -4.02 3.16 2.66 -6.70 0.63(PM) base
very weak
simazine 2.14 -4.52 2.43 2.47 -5.77 5.60 10'~ 1.62(PM) base
very weak
atrazine 2.58 -4.15 2.09 2.60 -4.69 1.50 10~ 1.7 (PM) base
very weak
terbuthylazine 3.21 -4.6 1.48 3.01 -4.10 4.05 10'~ 2.0(PM) Dbase
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The diphenyl ethers are lipophilic compounds with log Poet 4.3 to 6.0 (too high to be
measured easily), except for the somewhat less lipophilic and acidic (pKa = 2.67)
fomesafen, of low water solubility and generally low vapour pressure. The diphenyl
ethers are used as pre- and post-emergence sprays to control both grasses and broadleaf
weeds in a variety of crops. The mode of action is believed to be by damaging the
membrane integrity of the plants. Uptake of the compounds from soils appears to be
directly in the shoots of germinating weeds, largely via the vapour phase. When these
herbicides are applied to the roots of plants, the root strongly accumulate them, but
subsequent transport to shoots is either negligible or limited as such lipophilic
compounds would not be expected to move well in plants. Fomesafen is a weak acid
having a free acidic sulfonamide group, and is absorbed by both leaves and roots, with
very limited translocation in the phloem. Transport of fomesafen may, however, be
limited by its high lipophilicity and by the rapid damage they cause to plant membranes

in light.

Table 12: the diphenyl ether experimental descriptors and properties

Compoutid ; s W -5y '

Bifenox 1.88 246 0.00 0.55 2.16

Fomesafen 1.61 2.12 0.06 1.60 2.55

Oxyfluorfen 1.16 1.87 0.00 0.30 2.21

Fluazifop-butyl 0.79 2.03 0.00 1.18 2.66

loaVP<P*/20deaO

bifenox <2.2 -5.07 4.48 -4.03 1.14 10-2
fomesafen 4.47 -5.66 3.06 -5.40 2.00 10-2
oxyfluorfen 4.50 -5.91 4.65 -5.17
fluazifop-butyl 4.50 -7.58 3.42 -4.26 2.11 10-2

The carbamates and thiocarbamates are separated between herbicides and insecticides.
In our dataset, carbetamide and prosulfocarb are the representatives of (thio-) carbamate
herbicides. Carbetamide has a logPoct value of 1.68, but carbamate herbicides are
usually less polar with log Poet 2.5 to 4.2. They are applied post-emergence to the
leaves of weeds and act by inhibiting cell division in root or shoot apices.

Thiocarbamates have a range of log Poet values of 2.7 to 4.8 (4.17 for prosulfocarb).

The compounds are applied to soil and most are mechanically incorporated immediately
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after application because of their high volatility (as opposed to carbamates that are
usually less volatile). Uptake into plants can be via the vapour phase, the relative
importance ofthese routes (via the water or vapour phase) depending on the compound.
Thiocarbamates appear to act both on roots and on the emerging shoots of weeds,

especially grasses.

Table 13: the thiocarbamate experimental descriptors and properties

impound B
carbamate carbetamide 1.2 1.86 0.62 1.23 1.85
thiocarbamate orosulfocarb 1.18 0.40 0.03 1.23 2.12
D-logP m/ElogW «
#oW)  (hex) (PaMMol)
Carbetamide 1.68 -1.83 0.54 1.90 Negligible at 20 °C 3.60 10"
Prosulfocarb 4.17 -4.28 2.5 3.13 -2.39 1.00 10"

The last chemical class representing this category of pesticides is that of the
dinitroanilines, with only one in our dataset being a herbicides, the others being
ftmgicides: trifluralin (literature logPoct 5.3). The main use of the Ilipophilic
dinitroanilines is to control annual weeds, particularly grasses, following pre-emergence
application to soil. Uptake by roots and germinating shoots may be predominantly via
the vapour phase or via the aqueous phase depending on the compound. The resulting
inhibition of mitosis is particularly noticeable from the abnormal features of treated
roots. The less lipophilic compounds are taken up from soil via the water phase and are
then translocated to shoots to a small extent. However, such movement does not seem

necessary for the phytotoxic action ofthese compounds.

Table 14: the dinitroaniline experimental descriptors and properties

ChamWa»  Compovad E S~maAiw B
2,6-dinitroaniline Trifluralin 1.06 2.03 0.34 0.53 2.20
2,6-dinitroaniline Fluazinam 1.55 2.74 0.00 0.65 2.25

Flumetralin 1.79 271 0.00 0.58 2.53

2,6-dinitroanilme
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Compound log P oct

trifluralin 5.69
fluazinam 5.05
flumetralin

Log Sw
(mol/1)
-5.83
-6.82
-6.78

log Koc

4.08
3.92
5.01

log VP
(Pa/20dcgC)
-3.32
-2.67
-3.49

He
(Pa.m3/mol)
4.10 10'
1.50 10™
1.93 10

VII 3.3 Fungicides

Protectant fungicides are applied to the plant surface before infection occurs, they
remain on the surface and kill any fungal spores or bacterial cells that come into contact
with them. Protectant fungicides tend to be broad spectrum and be effective against a
wide range of fungal diseases. To achieve a constant level of protection it may be
necessary to reapply them at regular intervals to replace deposits lost to rain run-off or
abrasion. Curative fungicides are applied after initial infection, usually quite early on in
the progress of the disease so that the infection might be destroyed before it produces
visible symptoms. They are largely systemic being absorbed by the roots, seeds or
leaves of the plant and then translocated within it. They tend to be much more specific
than protectant fungicides and for this reason are more prone to the development of
pathogen resistance. Finally, eradicant fungicides are applied when an infection has
already become visible and for preventing further sporulation and spread of the disease.
The fungicides are represented by five chemical classes in our dataset: the strobilurins,

carbamates, pyrimidines, azoles and dinitroanilines.

Table 15: The fungicides descriptor value ranges

Fungicides Herbicides  Insecticides All Pesticides
Min. Max. Min. Max. Min. Max. Min. Max.
E 1.04 2.59 0.77 2.02 079 Z56 0.77 259
S 0.28 2.74 0.00 256 1.09 2.80 0.00 2.80
A 0.00 0.92 0.00 062 0.00 1.08 0.00 1.08
B 0.65 2.46 030 2.28 055 141 030 :L46
\Y% 1.62 2.92 135 266 154 3.06 135 3.06

The strobilurin fungicides were inspired by a group of natural fungicidal derivatives of

p-methoxyacrilic acid and are produced by a range of Basidiomycete wood-rotting
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fungi. The fungicidal activity of the strobilurins stems from their ability to inhibit
mitochondrial respiration by binding at the so called Qo site of cytochrome b.
Cytochrome b is part the cytochrome bci complex, located in the inner mitochondrial
membrane of fungi and other eukaryotes. Mitochondria are microscopic bodies found
outside the nucleus of the fungus cell. They are important to the survival of the fungus
because they produce energy (ATP) for the cell through respiration. Without ATP,
fungal cells cannot survive.

When one ofthe inhibitors binds, it blocks electron transfer between cytochrome b and
cytochrome Ci, which, in turn, disrupts the energy cycle within the fungus by halting the
production of ATP. Since the natural products and their synthetic analogues can

displace each other from the binding site, it is clear that they are reversibly bound

Table 16: the strobilurin experimental descriptors and properties

Onaiical class  comaouod S Vs A B v
strobilurin azoxystrobin 2.59 1.68 0.00 2.46 2.92
strobilurin kresoxim-methyl 1.15 0.98 0.00 1.55 2.42
strobilurin picoxystrobin 1.04 1.19 0.00 1.42 2.41

Oompound logPoct logSw  D-logP logKoc log VP
mol/1)  (hex) .0-1 (Pa/20degQ Hc(Fa.m3/moD

azoxystrobin 2.57 -4.63 1.64 3.13 -9.96 7.30 10"
kresoxim-methyl 3.5 -5.24 0.43 2.88 -5.64 3.60 10~
picoxystrobin 3.79 -5.12 0.58 2.95 -5.26 6.50 10-*

There is a number of pyrimidine derivatives with systemic fungicidal activity. The 2-
aminopyrimidines (dimethirimol, ethirimol and bupirimate) prevent spore germination,
probably by interfering with tetrahydrofolic acid metabolism. Pyrimethanil is an
anilinopyrimidine fungicide and inhibits the secretion of fungal enzymes required for
the infection process and blocks cell destruction and nutrient uptake. It thus stops germ
tube extension and mycelium growth. Pyrimethanil acts both protectively and curatively
by contact, translaminar mobility and vapour pressure

Cyprodinil, a non-systemic fungicide, interferes with activity of a nuclear RNA

polymerase template complex.
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Table 17: the pyrimidines experimental descriptors and properties

CXwmWcla## B

>yriinidme Dimethirimol 1.04 0.28 0.00 1.53 1.78

pyrimidine Ethirimol 111 0.86 036 125 1.778

pyrimidine Bupirimate 1.24 0.86 0.92 1.66 2.44

pyrimidine Pyrimethanil 1.65 1.00  0.05 0.96 1.62

pyrimidine CytM'odinil 2.06 0.97 0.10 0.90 1.80

WogP tog,
(molD "mm) Koc a&ms/mol) #;pKa

dimethirimol 1.87 -2.24 0.26 1.78 -3.33 2.55 10" 4.8 (MC) weak base
ethirimol 2.28 -3.06 2.29 2.07 -3.84 2.00 10"+ 5.0 (PM) weak base
bupirimate 3.49 -4.06 4.5 2.51 -4.28 1.44 10~ 4.38 (JH) weak base
pyrimethanil 2.86 -3.27 0.93 2.87 -2.90 3.60 10" 3.52(PM) weak base
cyprodinil 3.94 -4.27 0.93 3.69 -3.55 6.60 10~ 4.44(PM) weak base

The two amides, metalaxyl and furalaxyl are both systemic, curative phenylamide
fungicides which inhibit ribosomal RNA synthesis, thus interfering with protein
synthesis. Metalaxyl was most effective against the later stages of P. viticoia infection
causing the collapse of mycelium within the leaf because it is most effective when de

novo protein synthesis is necessary.

Table 18: the amides experimental descriptors and properties

CS#keslclass  comiiMd AN a aV
Amide Metalaxyl 1.07 0.98 0.00 1.85 2.23
Amide Furalaxyl 1.49 1.14 0.00 1.71 2.32

. toeSw D-lpgP
o) (nel

. feiFoE  Cmo (Pa%0deg0  He(P*.m3«ot)
iMetalaxyl 1.61 -1.56 0.73 1.85 -3.38 1.60 10*~
jpuralaxyl 2.63 -3.12 0.97 2.62 -4.15 9.30 10"~

Tebuconazole acts on fungi by inhibiting sterol biosynthesis, or more precisely, it
inhibits C~-demethylase in the sterol synthesis pathway. Fungicides with this mode of
action are called déméthylation inhibitors or DMI fungicides. Sterols are vital

components for stabilizing cell membranes in fungi. After tebuconazole is taken up by
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sensitive fungi, the production of ergosterol by the fungi is inhibited. The deficiency of
ergosterol and the accumulation of sterol intermediates in fungal cells result in unusual
membrane structure, changes in membrane properties (e.g. permeability), abnormal
fungal growth, reduced reproduction and finally cell death. Tebuconazole has no effect
on respiration or the synthesis of proteins and nucleic acids in target fungi. When
applied as a foliar spray, tebuconazole rapidly penetrates into young leaf and stem
tissue. The absorption process is enhanced by warm temperatures and slowed by cool
temperatures. As foliage matures and plant tissues harden, the rate of penetration is
reduced. Tebuconazole may not be readily absorbed into plants exposed to drought or
extremely high temperatures. Tebuconazole is locally systemic within plant tissues. It
diffuses more slowly and uniformly across leaf tissues than some other triazole

fungicides such as triadimefon

Table 19: the azole experimental descriptors and properties

W A mi# . 'A- B

azole Flutriafol 1.51 0.20 1.22 1.87

azole Tebuconazole 1.48 1.59 031 1.20 2.27

azole Hexaconazole 1.91 091 0.15 1.59 2.41

azole paclobutrazol 1.63 1.49 023 142 2.25

1 t" Aed #

Flutriafol 2.3 -3.4 2.25 2.61 -8.15 1.65 10%*
tebuconazole 3.67 -4.01 1.64 3.26 -5.77 1.00 10'S
hexaconazole 3.87 -2.9 2.18 3.43 -4.74 333 W
paclobutrazol 3.14 -4.29 2.32 2.98 -6.00 1.13 10"~

VII 3.4 Insecticides

Insecticides also have varying modes of action. Insecticides for this discussion can be
classified into two types: systemic and non-systemic. Systemic insecticides can be
applied as a spray on plant foliage and stems or be applied as a spray or granular
application to the ground around the plant. They penetrate the plant tissues and roots

and are taken up through the plant circulation to become part ofthe plant tissues. Insects
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feeding on the plant also ingest the insecticide. Non-systemic insecticides are either
applied to the insect itself in the form of sprays, drenches, fogs, mists and dusts, or are
placed in areas of insect habitation in the form of baits. The insecticide either directly
contacts and coats the insects body or is ingested by the insect with it eats the

insecticide coated plant or the bait.

Insecticides can be classified according to their mode of entry into the insect (1)
stomach poisons-must be ingested by the insect to be effective-, (2) contact poisons-
penetrate through the external skeleton (cuticle) of the insect-, and (3) fumigants- which
primarily enter through the breathing openings (spiracles)-. However, many insecticides
belong to more than one category when grouped in this way, limiting its usefulness.
Another way insecticides can be classified is by their mode of action. Most insecticides
affect one of five biological systems in insects. These include (1) the nervous system,
(2) the production of energy, (3) the production of cuticle, (4) the endocrine system, and
(5) water balance. This method of classification is preferred among scientists. The
insecticides are represented by three chemical classes in our dataset: the carbamates,
pyrethroids and benzoylureas. The former two can be categorised as insecticides that

affect the nervous system of insects and the latter, insecticides that inhibit the cuticle

production.

Table 20: the insecticide descriptor range

fungicides Herbicides | Insecticides | All Pesticides
Min. | Max. | Min. | Max. | Min. (Max.| Min. | Max.
1.04 | 259 | 0.77 | 2.02]0.79 |2.56] 0.77 | 2.59
028 | 2.74 | 0.00 | 2.56 | 1.09 [2.80] 0.00 | 2.80
0.00 | 092 | 0.00 | 0.62 | 0.00 {1.08] 0.00 | 1.08
065 | 246 | 030 | 228 | 0.55 (141 030 | 246
162 | 292 | 1.35 | 266 | 1.54 {3.06| 1.35 | 3.06

< | > | »|m

The mode of action of carbamates is that of inhibiting the vital enzyme cholinesterase
(ChE). The first successful carbamate insecticide, carbaryl was introduced in 1956.
More of it has been used worldwide than all the remaining carbamates combined. Two

distinct qualities have made it the most popular carbamate: its very low mammalian oral
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and dermal toxicity and an exceptionally broad spectrum of insect control. Carbamates
inhibit cholinesterase and they behave in almost identical manner in biological systems,
but with two main differences. Some carbamates are potent inhibitors of aliesterase
(miscellaneous aliphatic esterase whose exact functions are not known), and their
selectivity is sometimes more pronounced against the ChE of different species. Second,
ChE inhibition by carbamates is reversible. When ChE is inhibited by a carbamate, it is
said to be ‘carbamylated’. In insects, the effects of carbamates are primarily those of
poisoning of the central nervous system, since the insect neuromuscular junction is not
cholinergic, as in mammals. The only cholinergic synapses known in insects are in the

central nervous system.

Table 21 : the carbamate experimental descriptors and properties

Chemical
class cémpomid E B
earbamate Carbaryl 1.51 1.93 0.32 0.75 1.54
carbamate Pirimicarb 1.18 1.31 0.00 1.41 1.89
carbamate Fenoxycarb 1.31 1.95 0.78 1.03 2.32
'
- “ lo"P  logsw log He :
cOmWimd oct > (mol/) Koc (Pa.ai3/mol)
carbaryl 2.29 -3.41 1.07 2.59 -4.59 7.39 10"
pirimicarb 1.71 -1.9 3.97 2.02 -3.40 3.60 10" 4.44(PM) weak base
fenoxycarb 4.28 -4.71 3.83 3.25 -6.40 1.14 10"~

The pyrethroids have an interesting evolution, which is conveniently divided into four
generations. The first generation contains only one pyrethroid, allethrin, which appeared
in 1949. Its synthesis was very complex, involving 22 chemical reactions to reach the
final product. The second generation includes tetramethrin, resmethrin, bioresmethrin,
Bioallethrin and phenothrin. The third generation includes fenvederate and permethrin
which appeared in 1972-73. These became the first agricultural pyrethroids because of
their exceptional insecticidal activity (0.1 lb ai/A) and their photostability. They were
virtually unaffected by ultraviolet in sunlight, lasting 4-7 days as efficacious residues on
crop foliage. The fourth and current generation, is truly exciting because of their
effectiveness in the range of 0.01 to 0.05 Ib ai/A. These include bifenthrin, lambda-

cyhalothrin, cypermethrin, cyfluthrin, deltamethrin, fenpropathrin, fluvalinate,
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prallethrin, tau-fluvalinate, tralomethrin, and =zeta-cypermethrin. All of these are
photostable and because they have minimal volatility they provide extended residual

effectiveness, up to 10 days under optimum conditions.

The pyrethroids share similar modes of action, resembling that of DDT, and are
considered axonic poisons. They apparently work by keeping open the sodium channels
in neuronal membranes. There are two types of pyrethroids. Type I, among other
physiological responses, have a negative temperature coefficient, resembling that of
DDT. Type II, in contrast have a positive temperature coefficient, showing increased
kill with increase in ambient temperature. Pyrethroids affect both the peripheral and
central nervous system of the insect. They initially stimulate nerve cells to produce
repetitive discharges and eventually cause paralysis. Such effects are caused by their
action on the sodium channel, a tiny hole through which sodium ions are permitted to
enter the axon to cause excitation. The stimulating effect of pyrethroids is much more

pronounced than that of DDT.

Table 22: the pyrethroid experimental descriptors and properties

Chemical class ~ Cmnpotthd S A B -V
. Permethrin 1.95 1.90 0.00 0.73 2.88
pyrethroid
pyrethroid Cypermethrin 2.56 2.80 0.02 1.09 2.97
pyrethroid X,-cyhalothrin 1.95 2.63  0.02 0.99 3.05
pyrethroid Tefluthrin 0.79 1.18  0.00 0.55 244
" log Sw /.- oA
Compohad [sVoct  (mol/D losKoc (IWWesO  BfcfPaaBHiOQ
7.43
Permethrin -6.27 5.84 -5.60
7.71 2.00 10Z
Cypermethrin -7.23 5.54 -6.70
8.00
Cyhalothrin -8.10 5.40 -6.70
Tefluthrin 7.00* -7.92 4.51 -2.08 2.00 10**

*Pesticide Manual value. The log Poet is thought to be higher than this values.

Benzoylureas are an entirely different class of insecticides that act as insect growth
regulators (IGRs). Rather than being the typical poisons that attack the insect nervous
system, they interfere with chitin synthesis and are taken up more by ingestion than by

contact. Their greatest value is in the control of caterpillars and beetle larvae.
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Benzoylureas were first used in Central America in 1985, to control a severe, resistant
leafworm complex (Spodoptera spp., Trichoplusia spp.) outbreak in cotton. The
withdrawal of the ovicide chlordimeform made their control quite difficult due to their

high resistance to almost all insecticide classes, including the pyrethroids.

The benzoylureas act on the larval stages of most insects by inhibiting or blocking the
synthesis of chitin, a vital and almost indestructible part of the insect exoskeleton.
Typical effects on developing larvae are the rupture of malformed cuticle or death by
starvation. Adult female boll weevils exposed to diflubenzuron lay eggs that do not
hatch. And, mosquito larvae control can be achieved with as little as 1.0 gram of

diflubenzuron per acre of surface water.

Table 23: the benzoylurea experimental descriptors and properties

ClInm aattfilas E : Sw.:f'Af g Po-Y"
benzoylurea diflubenzuron 1.87 1.09 0.04 1.11 1.99
benzoylurea hexaflumuron 1.38 1.12 1.08 1.16 2.53
benzoylurea chlorfluazuron 2.29 2.29 038 1.39 3.06

CompoW 10gSw  D-logP  tog
Kac (Pani3/iBol) oKa
Diflubenzuron 3.87 -6.59 4.53 3.49 -7.29
Hexaflumuron 5.68 -7.23 3.65 -4.52 1.01
very
Chlorfluazuron 5.8 4.92 -8.00 5.41 10" 8.1(PM) weak acid

VII 3.5 Conclusions

Once the LFER descriptors have been determined for a set of pesticides representative
of the diversity of compounds in agrochemistry, a profile can be drawn and used as a
guideline in the pesticide design process. In addition, a large number of important
physico-chemical properties can be calculated from the existing LFER equations, such
as octanol-water partition coefficient and (as we will be seen in the next chapters)
aqueous solbility, vapour pressure, AlogP, Henry’s constant, soil sorption coefficient, all

important in determining transport and environmental fate of pesticides.
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CHAPTER VIII:
SOIL SORPTION COEFFICIENT: THE BACKGROUND

VIHI-1 Soil sorption mechanisms

VIII-1.1 Pesticide sorption

The extent to which a pesticide is free in a soil depends on the strength of adsorption.

Humus is well-decomposed organic matter (it is a dark-colored, sticky substance that

helps to hold the soil together as a mass, helps to hold moisture in the soil, retards

erosion and performs other important functions in all productive soils). Because most

pesticide molecules are uncharged and hydrophobic they have a stronger affinity for

humus than for other soil particles. As a result, the adsorption of most pesticides in soils

depends on the nature of the adsorption reaction between the pesticide and humus, and

the amount of humus present.

The main mechanisms involved in the adsorption of a pesticide to soil are:

Hydrophobic bonds: binding resulting from non-polar lipophilic regions coming
together. The stability of the interaction is associated with the degree of order of
surrounding water molecules. The energy change in displacing water from the
humus surface favours the adsorption of the molecule.

Hydrogen bonds, van der Waals’ forces and other weak intermolecular bonds:
short range directional interactions that contribute to the specific interactions that
a compound makes with its receptor (dipole-dipole). This type of interaction
usually occurs with molecules that are polar, i.e. they have uneven electron
distributions in certain bonds so that, although the molecule as a whole is
electrically neutral, certain parts have a finite charge. Thus they tend to be
attracted to other polar molecules. These bonds normally occur in conjunction
with hydrophobic bonding.

Electrostatic bonds: coulombic interactions which are favourable (ion-ion, ion-
dipole). They will occur between ionic compounds and charged soil particles,

replacing exchangeable ions.
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- Ligand bonds: form between uncharged or charged molecules and metals bound to

humus.

Soil pH is also an important factor affecting adsorption through its effect on both the
properties of particle surfaces, particularly the charge on humus and the properties of
pesticide molecules. The only molecules that can be easily taken up by plants and
microorganisms are those that are free in soil solution, therefore a measure of adsorption
is a useful indicator of availability to target and non-target organisms, i.e. the pesticide
selectivity.

Potential leaching into streams and groundwaters also depends on how much of the
pesticide resides in the soil solution. To determine.the extent of adsorption, the
partitioning of the pesticide is normally measured between soil and water in a
suspension that has been allowed to come to equilibrium. The partitioning of a pesticide
when equilibrated between particle surfaces (the adsorbed phase) and the soil solution
(the aqueous phase) can be displayed as an adsorption isotherm (depending on the
process being studied, the terms adsorption-, desofption— or exchange isotherm are used)
In studies of the properties of surfaces, the isotherm represents the relationship between
the amount of an ion or a molecule sorbed on to the surface and the amount in the air or
solution in contact with the surface.

The most frequently used adsorption isotherms are the Freundlich and Langmuir

isotherms!'"%:

Freundlich isotherm

x=Kg.c!™ (VIIL1)
Langmuir isotherm .
x=Q%b.c/(1+bc) (VIIL.2)
where x = amount of compound adsorbed per unit weight of soil

c = amount of compound per volume solution at equilibrium

K. n = characteristic constants for Freundlich isotherm

Q°b = characteristic constants for Langmuir isotherm
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At the small concentrations involved in pesticide use, the concentration dependence of
the adsorption can be neglected and the isotherm is normally a straight line described by

the equation:

Cs=KaCy (VIIL3)
Where Cg = concentration of the adsorbed pesticide (ug.g™)

Cy = concentration in the liquid phase (ug. cm’)

Ky = concentration independent adsorption coefficient Cs/Cyq (cm3 .g'l)

The initial slope gives K4 (d for distribution) With increased concentrations, the
isotherm becomes curved because the adsorption capacity of the soil becomes saturated.
The curve can be described by the Freundlich equation:

Cs=KqC'yq (VIIL4)

where X is a constant

For convenience, the logarithmic form of the equation is used:

Log Cs =log K4 + x.1og Cyq (VIIL5)

However, K4 applies only to the experimental soil. It is more useful to obtain one index
of adsorption that can be used for a range of soils, and to this end the adsorption
coefficient is often expressed in term of organic carbon, Koc, since organic matter is
normally the predominant adsorbing compoﬁent. The knowledge of this coefficient and
the organic carbon content of a soil then allows adsorption to be predicted without a

direct measurement of K.

VIII-1.2 Adsorption on organic matter

Organic matter is the predominant adsorbing component in soils. The organic matter in
the soil comes from plant and animal residues. When organic matter decomposes, by the
action of micro-organisms and other forces, it produces substances and nutrients that
will help to support plant life. Because of the importance of the different soil properties,
adsorption coefficients are often expressed in terms of organic matter, Koy, Or organic

carbon, Ko, where:
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Kom = ng adsorbed pesticide g™ organic matter (VIIL6)
pg adsorbed pesticide cm™ solution

Both coefficients have, like K4, the units cm’ g'l. And for a given soil:

Ke =Komx%OM /100 (VILL7)
= Koc x %0OC /100 |

where %OM Organic matter content in soil (g. OM.g™)
%OC Organic carbon content in soil (g. OC.g™)

When data for K4 and organic matter content are plotted, the slope of the line fitted
through the data is Kom/100. A mean value of Koy can be found. Since organic matter
contents are determined from measurements of organic carbon using the factor 1.724

(58% carbon in organic matter), then:
Kom = 0.58Koc (VIIL.8)

Variations in the value of Koc for a given compound in a range of soils are caused
mainly by differences in soil pH and the nature of organic matter. Therefore a single
value of Koc for a pesticide cannot be used as a mean of predicting a soil’s K4 value
from its organic carbon content. However, the errors are small in comparison with other
errors in predicting behaviour in the field and to the large differences between the Koc
values of different pesticides. |

Values of Koc are normally determined for agricultural soils with pH values between 5
and 7. For calcareous or acidic soils an adjusted Koc value may be needed depending on
the adsorption properties of the pesticide. K4 and Koc are a measure of the strength of
sorption of pesticides to soils and other surfaces at the water-solid interface and are thus
directly related to both environmental mobility and persistence. Koc is regarded as a
‘universal’ parameter related to the hydrophobicity of the pesticide molecule, which
applies to a given pesticide in all soils. This assumption is known to be inexact, but it is

used in this way in modelling and estimating risk for pesticide leaching and runoff.
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VIII-1.3 Deviations from simple behaviour

Equation (VIII-5) suggests that ‘ideal conditions of instantaneous equilibrium, isotherm
linearity and desorption reversibility’ hold ®*. In addition, equation (VIII-8) implies

that the organic matter is the only sorbing material in soil and that soil organic matter in
all soils has the same affinity for solutes. However, soil/water/pesticides system exhibit

much more complex behaviour than this and deviations can be observed from the

simple behaviour described in these two equations ).

1.

Soil organic matter is not always the sole sorbent. Organic matter is the main
sorbent for low polarity, low aqueous solubility pesticides, same with some polar,
even ionic compounds. However, other materials, such as clay mineral surfaces,
can become important sorbents for more polar compounds, especially when the
organic carbon fraction is low 6141~ Another factor affecting the sorption of
pesticides onto soil is its water content. Dry soils are extremely sorptive for both

polar and non-polar species [15]

and, under these conditions, clay mineral surfaces
become preferred sorption sites !'%!7], Chemicals can be released when the soil is
re-wetted (18231,

Equilibrium is typically only apparent and sorption and desorption involve a
complex system of processes with fast and slow kinetics. The sorption-desorption
mechanism can be divided into three steps ?*>%. First, there is a rapid, reversible
diffusion of the solute to accessible sites of soil surfaces at or near the soil-water

interface 3134

. Although this step can be reasonably approximated by an
instantaneous equilibrium, measurements clearly show a time-dependent
concentration that requires minutes to approach equilibrium 83339 The second
step in the sorption-desorption mechanism is a slower exchange of pesticide
between water and soil phases that requires hours or days to approach equilibrium
(3040491 Finally, a very slow reaction, generally referred to as ‘aging’, irreversibly
removes pesticides from solution. Aging, lasting weeks to years, is characterised
by the storage of intact pesticide molecules that may be freed by subsequent

processes [3.4,30,31,50-68]

The isotherm is often non-linear. As previously mentioned, non-linearity is

observed in the Freundlich isotherm (equation VIII-4) with increased
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concentrations, because the adsorption capacity of the soil becomes saturated
[69,70)

The structure and chemistry of soil organic matter is complex and controversial.
Soil organic matter is not a single material but a mixture of solid and semi-solid,
bulk and thin-film materials with a range of properties depending on the history
and age of the sample "'""], Thus, describing the sorption process as ‘adsorption’
or absorption’ are both valid depending on the experimental conditions.

Ionisable pesticides may exhibit sorption and is highly sensitive to soil pH. In
general, soil pH changes have only minor effects on the adsorption of non-ionic
molecules (¥, However, about one in three modern pesticides has weakly or
strongly acidic or weakly basic functional groups and thus, partially ionised
within the range of normal soil pH >3, Therefore, pesticides with pKa values
near the range of soil pH will have an apparent K that is quite sensitive to the pH
of the sorbing soil.

Degradation of the pesticide can occur within the time frame of the sorption
experiment. Direct measurements of K4 and K, can take from a few hours to two
days (c.f. chapter‘ VIII-2). During that time, some pesticide may be degraded
significantly and if a mass-balance check is not performed, pesticide losses from

the solution phase due to degradation may be assumed to be due to sorption,
[84-86]

giving an erroneous Ky or K, value

VIII-2 Direct Kd and Koc measurements

The principle of this approach, also known as the ‘slurry’ equilibrium method

VIII-2.1The batch equilibrium approach

[87-93], is

quite simple. A pesticide is added to a soil-water mixture and its concentration in one or

both phases is measured after mixing or ‘equilibrating’ the mixture, typically for 24hrs

(less if degradation is of concern). The percentage absorption, A, is monitored versus

time and corrected for the value of a blank. Once ‘equilibrium’ is reached Ky is

calculated from the concentration(s). The batch experiment is the standard method of

sorption testing required by regulatory agencies as part of the risk assessment of most

toxic chemicals.
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VIII-2.2 Soil columns

Soil column measurements consist in observing pesticide transport in flowing water in a
soil column (which may be packed or taken in a non-disturbing procedure from the
field). They provide much more detailed information than the simple batch mixing, and
is obviously closer to field conditions. The method and theory have benefited from
much intense innovative and sophisticated study and column experiments have given

insight into both sorption kinetics and soil water flow dispersion P15,

VIII-2.3 Thin layer chromatography

Helling and Turner 1! developed a thin-layer chromatography technique using soil as
the substrate which provides a quick and easy way to measure relative mobility between
pesticides or between soils. The results are less accurate than batch or column

measurements and the method is not much used nowadays. However, results correlate
well with the batch method results (20122,

VIII-3 Indirect methods for Koc estimation

Due to the large number of existing pesticides, numerous approaches have been devised
as an alternative to classical techniques. B.M.Gawlik et al.!"! classified more than 200
existing relationships for Koc estimations into four categories which will be described

below.

VIII-3.1 Koc estimation using water solubility

As previously mentioned, one of the key physico-chemical properties controlling the
fate of a pesticide in soil is its solubility. Several methods of water solubility
determination were developed along with the study of the relationship between water
solubility and adsorption coefficient.

Most conventional organic pesticides are moderately hydrophobic and thus exhibit a
measurable solubility in water. The conventional method of preparing saturated
solutions for the determination of solubility is to simply add an excess amount of solute

chemical to water in a glass vessel. Equilibrium is achieved by shaking gently or slowly
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stirring, with a magnetic stirrer, in order to prevent forination of emulsions or
suspensions and thus, avoid additional experimental procedures, such as filtration or
centrifuging. An alternative approach is to coat a thin layer of the chemical on the
surface of the flask before water is added.

An accurate ‘generator column’ method has also been developed in which a column is
packed with an inert solid support, such as glass beads or Chromosorb, and then coated
with the solute chemical. Water is pumped through the column at a controlled, known
flow rate to achieve saturation. |

The method of concentration measurement of the saturated solution depends on the
solubility and its chemical properties. Some common methods used for solubility
measurement and listed by Mackay" are |
e Gravimetric or volumetric methods

. UV spectrometry

e  GC-FID, GC-ECD

. Fluorescence spectrophotometry

° Interferometry

. HPLC with RI, UV or fluorescence

° Liquid phase elution chromatograph

° Nephelometric methods

° Radiotracer or liquid scintillation counting method

The correlation between water solubility and adsorption coefficient is generally
expressed as a simple linear regression of the form:
logKoc=a.logWS +b (VIIL.12)

Linearity is usually obtained for homologues series and for groups containing very
similar molecules ®*!!), However, several drawbacks can be observed. Correlation can
be extended to larger groups of compounds, however, correlation coefficients decreases
for datasets containing very different structures '>*%1, Also, it becomes less reliable with
an increasing degree of polarity of the chemicals '], ’
However, the water solubility approach seems to be a suitable way for a quick,

approximate estimation of Kac, if reliable data are available.
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VIII-3.2 Koc estimation using octanol-water partition coefficient

Because of the difficulties of measuring Koc and K4 values, methods have been devised
to estimate them, based on the principle that the extent of adsorption of a pesticide on to
organic matter is related to its hydrophobic character. Generally, the more hydrophobic
an organic molecule is, the more it will adsorb, and the less it will reside in the soil
solution.

The hydrophobicity of a compound can be measured from its partitioning between an
organic solvent and water. The most commonly used index of adsorption is log Poct, the
octan-1-ol-water partition coefficient. The coefficient, P, is traditionally measured by
the shake-flask method in which a solution of pesticide in water of known volume is
mixed with a known volume of octanol until equilibrium is reached. The water is
separated from the solvent and the concentration measured. By difference, the

concentration in the solvent is calculated and:

LogPoct=  png pesticide cm™ octanol ' (VILL.9)
pg pesticide cm™ water

The relationship between log Poct and Koc has been established for a wide range of

soils and the most commonly used is the Briggs equation®®:

Log Koc =0.52 log Poct + 0.86 (VIIL.10)
or
Log Kom = 0.52 log Poct + 0.62 (VIIL.11)

Despite the normalisation by the soil organic carbon content, there can be large errors in
estimates of Koc using this equation and its validity depends on the extent to which a
chemical’s hydrophobic properties are similar to those of the compounds initially used
to produce the equation.

The values obtained depend on a number of experimental factors, including the pH and
ionic strength of the aqueous phase, the nature of the buffer used, the purity of the
organic phase, solute concentration, temperature, stirring, or the analytical methods used

to measure the equilibrium concentrations.
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However, log Poct values can now be easily calculated from structural properties [16-21]

and there has been a tendency to calculate rather than measure it. These calculations are,
in some cases, extrapolations and can be in serious error. Any calculated log Poct value
above 7 should be regarded as suspect, and any experimental or calculated value above
5 should be treated with extreme caution.

A number of methods, including substituent additivity, were developed for the
calculation of log P froi:n molecular structure, fragment, atomic contributions, surface
area, molecular properties and solvatochromic parameters. A software package
calculating log Poct with for only input, the structural representation of the compound,
is commercially available under the name of ClogP™.

As for solubility measurements, correlation problems arise with polar substances. It
could be explained by the fact that, organic carbon, being mainly responsible for
adsorption in soil of organic compounds, is more cohesive and a stronger hydrogen
bond donor than octanol®®), Also, sorption processes of compounds with polar or
ionisable groups may depend greatly on non-hydrophobic or non-dispersive interactions
24 Therefore, Koc estimation using octanol/water partitioning is suitable for
substances, where the soil sorption behaviour is mainly caused by Van der waals and

London dispersion forces.

VIII-3.3 Koc estimation using RP-HPLC capacity factor

The sorption of neutral organic compounds by soil from water can be compared with the
liquid-liquid distribution and retention in Reversed-Phase HPLC. In RP-HPLC, water
supports the chemically bonded phase (comparable to humus in soil). RP-HPLC
determination of Koc is based on a measurement of retention times, usually under
isochratic conditions with a binary eluent. In most cases, log Koc is correlated to log k
(capacity factor) or directly to the retention time. k can be calculated from retention
times of a relatively unretained reference substance, to and the retention time of the
target compound, t%°!:

k= (t-—to)/to (VIL13)

A log-log plot of k” measured for a set of reference substances and their corresponding

Koc can then be used for the prediction of Koc for a samplé substance based on a
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simple measurement of tr without a quantification step. The column chosen should have
characteristics similar to that of the humic substances present in soil. Several
chromatographic systems have been described using chemically bonded sorbents®®3%,
or immobilised humic acids®>"\. The latter is probably the approach which is closest to
real soil conditions but their use is restricted due to their commercial unavailability.
Kordel et al. obtained good correlations between log Koc and k') using
cyanopropylic columns with a methanol/water binary solvent under isochratic
conditions.

RP-HPLC determination of Koc has many advantages over the shake-flask Kow
approach, including greater accuracy and precision, a wider range of applicability,
decreased dependence on impurities, speed and only small amounts of the compounds

are required.

VIII-3.4 Koc estimation using QSAR models

Quantitative Structure-Activity Relationships assumes that biological, chemical and
physical properties within a series of similar structures can be correlated with changes
in parameters that reflect molecular properties or descriptors. The easiest structural
parameter used for the estimation of Koc was the molecular weight™™). Topological
indices were introduced two decades ago by Kier, Hall et al. for the study of the
biological activity of pharmaceuticals but Bahnick et al.!"® were the first researchers to
use Molecular Connectivity Indices (MCI’s) for the prediction of Koc. There is a vast
number of different indices that can contain information on a molecule’s size, steric
factors, valence electron, degree of saturation, number of hetero-atoms or aromatic
substructures etc 236,

Soil sorption coefficient for non-polar compounds can be easily modelled with
connectivity indices. But for polér substances either compound class dependent models
or models using correction factors are described in the literature *>?%). This implies that
most information encoded in the MCI’s is significant for the shape and size of the
molecule and less for its electronic properties, despite the fact that there are more than
100 defined topological indices. Furthermore, it has been shown that the ‘degree of

correlation decreases with an increasing heterogeneicity of the training set *7).
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The most recent approach to predict Koc based on structural or molecular features is the
introduction of Linear Solvation Energy Relationships by Kamlet, Taft et al.l'%!'%], that
has the advantage of describing the electronic properties of organic compounds in a

more detailed manner than any other of the listed approaches.

The most commonly used method for Koc estimation is by using log Poct as a
descriptor, due to the availability of n-octanol/water partition coefficient. However,
results obtained by RP-HPLC screening are at least equal or maybe even better than the
Kow approach and this method presents a certain number of advantages, as previously
described. Good estimations are obtained by using topological indices, molecular
descriptors and LFER as long as the most suitable combination of molecular indices is

used for each different physico-chemical property.

VIII-4 Confidence limits

R.D.Wauchope et al. ! suggested ‘rules of thumb’ for soil sorption parameters,

summarised in table 1 below.

Table 1: ‘Rules of thumb for precision of Kd and Koc

Precision and probable accuracy for a single pesticide Kd value

Extreme values may be difficult but typically
Measurement in a single, well-mixed soil sample simitar
' to analytical and mechanical error, ca 5%

Depends on variability of sorptive component from

Measurement in a series of soil samples from the
point to point in field: typically 50% coefficient of

same homogeneous field .
variation

In agricultural soils, organic matter and sorptive

. . . mineral fractions can change 100x from surface to
Measurement as a function of depth in a field soil
below plough layer, and Kd of non-polar pesticides

will follow

. Kd can vary to the degree that sorptive fractions
Measurement in different soils gre P ‘

vary between soils; 10x is to be expected

Precision and accuracy for a calculated Koc value

Range of values, from a single, multi-soil study 30-60% coefficient of variation is common and is
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apparently a measure of the variance in soil organic
matter sorptivity and organic matter fraction

measurement

This range averages close to 10x, indicating that

Range of values reported from different studies methodology differences contribute significantly to

Koc variability

The slurry equilibrium approach used to measure Kd is intended to represent field

conditions of the soil sample, and Koskinen et al. ¥ studied the effects of experimental

variables on slurry experiments.

The water/soil ratios are selected to give a reasonably mixable slurry with enough
soil and water to allow analysis. The ratios are usually higher than in the field,
leading to higher concentrations of adsorbed chemical and lower Kd value. The
probable error between typical laboratory slurry ratios (1:1 to 20:1) and field
values areexpected to be no more than 20%. More literature can be found on the
factors affecting slurry ratios 211371461

The solute concentration ranges are also selected to be close to field conditions,
although extremely hydrophobic solutes may require higher concentrations and
extreme water/soil ratios to be used in order to see a measurable concentration
range.

The effects of temperature on Kd vary significantly from one compound to the
other ™71 In general, Kd may change significantly within the environmental
range of temperatures but not as much within the range used in laboratory
experiment 183,150]

Soil aggregate size should receive more éttention since a 24-hour mixing
experiment may cause significant aggregate breakdown. Novak and co-workers
(151 showed that pore sizes in aggregates may be large enough to be in full
equilibrium with free solution outside the aggregates. However, Dekkers ef al. %2
showed that aggregates exhibit less sorption in a column experiment than in a
batch experiment, probably because rapid flow does not allow time for
equilibration with the interior of the aggregate.

Wauchope ef al ©! concluded that, overall, a batch experiment value will probably vary

from the true average Kd value in a field of the sample soil by a factor of up to two.
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Since Koc calculations require a measurement of organic matter fraction. Foe, their

accuracy will depend significantly on the accuracy ofthe Foe value; in which case, two

key factors are (1) the representative nature ofthe sub-sample taken for analysis and (2)

the accuracy and reproducibility ofthe method used to determine Foe b53-i5§]

A twofold probable error between field and laboratory values was estimated. However,

one should note that variations 0f20-100% were reported in agricultural fields 059-167]

Table 2: Examples oflog Koc predictions

- sdmml' ®1

9
9
44
1
-400
-400
-400
~00
107
37

34
14
215
543

1 S-triazines Log Poet
1 Phenylureas Log Poet
2 Phenylureas VDWv + P + @Qumvo
3 Aromatic compounds 8 + Log Poet or k
4 Pesticides Log Sw
4 Pesticides Log Poet
4 Pesticides Log Poet .- MCI
4 Pesticides MCI
5 Diverse Log Sw
5 Pesticides P+n
6 Chloro-triazines Log Poet
7 Non-polar compounds, alcohols &  Log Sw
ketones
8 Polycyclic hydrocarbons Log Sw 4- MPt
8 Polycyclic hydrocarbons Log Poet
9 Diverse Log Poet
10 Pesticides k
1 Diverse polar compounds MCI
12 Diverse MCI
Log Poet octanol water partition coefficient
VDWv van der Waals volume
p dipole moment
clum o energy oflowest unoccupied molecular orbital
5 Hildebrand’s solubility parameter
K RP-HPLC retention factor
Log Sw aqueous solubility
MCI molecular connectivity indices
P

0.99-0.99

'Tmar
0.96 0T52

0.87 0.202
0.70

0.04-0.19
0.76

0.83

0.54

0.87

0.86

0.85

0.95

0.60 Large

0.995
0.994
0.93
0.78
0.97
0.86 0.346

Parachor ( empirical estimate of volume. Parachor are secondary derived

fimctions dependent on the primary properties of surface tension, density

and molecular weight)
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n n = 1 for each O atom not conjugated to an aromatic ring, 1 for each
heterocyclic atomic ring, and 0.25 for each halogen attached to a
saturated carbon atom. |
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CHAPTER IX:
SOIL SORPTION COEFFICIENT: THE LFER EQUATION

IX-1 The dataset

For this application, the dataset was based on the compounds assembled by S. Tao et al.!'],
composed of 592 chemicals of environmental concern, belonging to 17 compound classes.
The range of experimental Koc covered 7.54 log-units. The experimental descriptors of 196
from these compounds were already known. Absolv 1.4. descriptors were predicted for the
remaining 282 compounds. To those compounds, 13 sets of pesticide experimental
descriptors were added, that belong to the agrochemical dataset studied in chapters V to VII
and for which the soil sorption coefficient was known'®%. A total of 491 compounds, for
which experimental or fragment addition descriptors were determined, can be used to
establish LFERs.

Three different LFER equations were established based on this data set:

1-  Using only the fragment addition descriptors

2-  Using the whole data set with experimental and fragment addition descriptors
3-  Using only the experimental descriptors

Multiple Linear Regression Analysis (as described in Chapter III-3) was used to obtain a
regression between the descriptors of the compounds included in the training set and their

soil sorption coefficient, log Koc.

IX-2 Fragment addition descriptors equation

The 282 compounds were divided randomly into a training set and a test set, of 141
compounds each, and histograms (figure 1) were prepared in order to verify that:

1-  All values were represented in the rahge of study
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2- The training set is representative of the whole data set

Figure 1: Log Koc distribution (equation 1)
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Table I: Multiple Linear Regression Analysis for log Koc (equation 1)

Summary of fit

Rsquare 0.578
Rsquare adj. 0.562
RMSE 0.751
Mean of Response 2.603
F ratio 36.95
Observations 141

Parameter estimates

Term Estimate Std Error t ratio

¢ 1.25 0.27 4.68
e 1.27 0.14 8.82
s -0.74 0.21 -3.44
a -0.47 0.20 -2.34
3 -0.34 0.20 -2.69
\Y% 0.78 0.21 3.65
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Figure 2: log Koc versus log Koc calc. (training set-equation 1)

log Koc obs.

The LFER equation obtained for the prediction of log Koc can be written as:
Log Koc = 1.245 (+ 0.266) + 1.269 (+0.144) . E — 0.738 (10.214) S - 0.73 (0.203) . A
- 0.343 (£ 0.203). B+ 0.779 (+ 0.213) .V

n =141, R*=0.578, sd = 0.751, F = 36.95 Ix-1)

This first equation obviously is very poorly correlated. The F-statistic, which is used to
determine whether the observed relationship between the dependent (log Koc) and
independent (e, s, a, b and v) variables occurs by chance, is acceptable (37). The cdefﬁcient
of determination is acceptable (0.578) and the standard error (RMSE = 0.75) is high. The
standard errors on each coefficient are important, e.g. they represents a third of the s value,
half of the a value and 2/3 of the b value.

Another correlation was obtained using the 491 compounds (the whole dataset) and their
Absolv 1.4. descriptors:

Log Koc =0.804 (+ 0.104) + 1.149 (20.083) . E — 0.538 (+0.112) S — 0.324 (£0.113) . A

- 1.034 (x 0.115). B+ 1.292 (+ 0.097) .V

" n=491, R?=0.689, sd = 0.682, F=214.99 (IX-2)
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Figure 3: log Koc versus log Koc calc. (equation 2)

Equation 2

R?= 06815
=060

The equation is obviously improved, probably with the introduction of a number of
compounds the descriptors of which are better estimated. The main outliers are pesticides.
The inaccuracy of group contribution descriptors for a number of compounds in the training
and test set led to the inaccuracy of the equations and the latter could not be used as they
are. More reliable values can be obtained by estimating the descriptors experimentally and

re-entering them in the regression. This exercise will be illustrated in Chapter IX-3.

N.B.: The reliability of test sets in the literature is often evaluated from the coefficient of
determination, R?, value. As previously mentioned, this latter value may in some cases be
misleading and a more appropriate evaluation is obtained by comparing the standard

deviation or RMSE.

IX-3 Fragment addition and experimental descriptors equation

The 491 compounds were divided randomly into a training set and a test set and
histograms (figure 4) were prepared in order to verify that:
1-  All values were represented in the range of study

2-  The training set is representative of the whole data set
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Figure 4: Log Koc distribution
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Table 2: Multiple Linear Regression Analysis for log Koc (equation 3)

Summary of fit

Rsquare 0.526
Rsquare adj. 0.517
RMSE 0.851
Mean of Response 2.571
F ratio 58.80
Observations 271

Parameter estimates

Term Estimate Std Error t ratio

c 0377 0.18 2.08
e 0.89 0.14 6.26
s -1.02 0.14 -7.2
a -0.56 0.13 -4.41
b 0.38 0.15 2.58
\% 1.94 0.14 13.82
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Figure 5: log Koc versus log Koc calc, (training set-equation 3)
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The LFER equation obtained for the prediction of log Koc can be written as:
Log K(Qc = 0.370 (= 0.178) + 0.893 (£0.143). E - 1.023 (£0.142) S- 0.562 (£0.127). A
+ 0.380 (= 0.147). B+ 1.937 (£ 0.140) .V

n=271, =0.526,sd=0.852, F= 58.80 (IX-3)

As previously demonstrated, experimental descriptors are usually more reliable than those
determined by fragment addition. The 66 compounds, for which the standard error in
equation IX-3 is larger than the overall standard error (0.852), were focused on. 24 of
those outliers had experimentally determined descriptors and no change were made to
those values; the error is assumed to be due to the observed soil sorption values. It is
interesting to note that amongst the 41 outliers for which the descriptors were determined
using Absolv, 17 were pesticides.

In one instance (folpet), the observed soil sorption value was corrected (log Koc = 3.03
from MedChem 02 database). The octanol-water partition coefficients were calculated
from the outliers’ descriptors and compared with measured data, and only two compounds
(fenamiphos and siduron) had reasonable estimations of the partition coefficient. SMILES

strings were double-checked and new Absolv descriptors were obtained for five
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compounds, leading to satisfactory log Koc estimates. Experimental descriptors for 19
outliers were estimated by analogy or using literature log Ps data and re-integrated in the
training set. The same approach could not be applied to the rest of the compounds as they
contained fragments for which the contributions were unknown, e.g. temephos
(organophosphorus). Those latter 14 compounds were therefore excluded from the new

regression. A new equation was then obtained by MLRA.

Table 3: New Multiple Linear Regression Analysis for log Koc (equation 4)

'Summary of fit

Rsquare 0.725

Rsquare adj. 0.719

RMSE 0.648

Mean of Response 2.60

F ratio 132.31

KObservations 257

Parameter estimates

Term Estimate  [Std Error t ratio

C 0.27 0.13 1.97]
3 1.10 0.08 13.2
Is -1.0 0.10 -10.66
h -0.26 0.10 -2.56
b -0.29 0.13 -2.22
v 2.15 0.11 19.81

Figure 6: log Koc versus log Koc calc. (training set-equation 4)
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The new LFER equation obtained for the prediction of log Koc can be written as:
Log Koc = 0.265 (£0.135)+! .098 (+0.083) . E - 1.088 (+0.102) S- 0.263 (£0.102). A
+ 0.288 (= 0.130). B+ 2.149 (x 0.108) .V

n= 257, =0.725,sd = 0.648, F=132 (IX-4)

Figure 7: log Koc versus log Koc calc, (test set-equation 4)
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Overall: = 0.4815, sd = 0.89

The overall standard error for log Koc calculated from the fragment addition descriptors is
twice as high as that obtained from the experimental descriptors, thereby illustrating the
need to use reliable descriptor values to estimate the soil sorption coefficient from equation

IX-4.
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IX-4 Experimental descriptors equation

The 209 compounds for which experimental descriptors were available were divided
randomly into a training set and a test set and histograms (figure 8) were prepared in order
to verify that:

1-  All values were represented in the range of study

2-  The training set is representative of the whole data set

Figure 8: Log Koc distribution (equation 5)
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Table 4: Multiple Linear Regression Analysis for log Koc (equation 5)

Summary of fit

Rsquare 0.912
Rsquare adj. 0.906
RMSE 0.413
Mean of Response 2.552
F ratio 200.82
Observations 105
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{Parameter estimates

Term FEstimate {Std Error k ratio

C 0.37 0.1 2.62
E 0.90 0.12 7.1
S -0.41 0.15 -2.68
A -0.31 0.14 -2.26
B -1.91 0.18 -10.67]
vV 2.07 0.15 1

Figure 9: log Koc versus log Koc calc. (training set-equation 5)

log Koc calc.

log Koc obs.

The LFER equation obtained for the prediction of log Koc can be written as:

Log Koc = 0.371 (z 0.142) + 0.897 (+0.126) . E —0. 408 (10.152) S — 0.306 (+0.136) . A
+ 1.905 (+ 0.179). B+ 2.070 (+ 0.148) .V

n =105, R*=0.910, sd = 0.413, F=200.82

(IX-5)
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Figure 10: log Koc versus log Koc calc. (test set-equation 5)
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Equation (IX-5) is the most successful due to the accuracy of the experimental descriptors.
Both training and test sets show high correlation coefficients. The F-statistic and overall
standard error are low; the standard error on the coefficients is low and the t-ratios are high,
relative to those in equations 1 and 2.

The final soil sorption equation is the experimental descriptor training set added to the

experimental descriptor test set and can be written as:

Log Koc =0.393 (+ 0.089) + 0.884 (+0.080) . E — 0.337 (0.093) S — 0.355 (x0.097) . A
+ 1.977 (£ 0.118). B+ 2.014 (£ 0.093) .V

n =209, R?=0.918, sd = 0.379, F= 453 (IX-6)

Table 5: Multiple Linear Regression Analysis for log Koc (equation 6)

ISummary of fit

Rsquare 0.918
Rsquare adi. 0.916)
RMSE 0.379
Mean of Response 2.546)
F ratio 453.02
Observations 209
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{Parameter estimates
Tem Estimate  {Std Error k ratio
C 0.39 0.09 4.4
e 0.88 0.08 11.11
k. -0.34 0.0 -3.63
-0.36 0.10 -3.64
-1.9§ 0.12 -16.76
2.01 0.09 21.64
Figure 11: log Koc versus log Koc calc. (equation 6)
81
4
g
)
log Koc obs.
IX-5 LFER comparison and discussion
Table 6: log Koc LFERs summary
Equation 1 Equation 4 Equation 6
ummary of fit
Rsquare 0.689 0.725 0.918
RMSE 0.682 0.648 0.379
F ratio 214.99 132.31 453.02
Observations 491 257 209
arameter estimates | Estimate Std Error | Estimate Std Error | Estimate Std Ermor
Term
0.80 0.104, 0.266 0.135 0.393 0.089
E 1.149 0.083 1.098 0.083 0.884 0.080
-0.538 0.112] -1.088 0.102 -0.334 0.093
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-0.324 0.113 -0.263 0.103 -0.355 0.097
-1.034 0.115 -0.288 0.130 -1.977 0.118
1.292 0.097 2.149 0.108 2.014 0.093

The soil sorption prediction are clearly improved while using experimental descriptors for
the chemical classes that might contain fragments which are not present in Absolv. The
final equation can be studied term by term in order to isolate and to quantify the particular
interactions that influence the soil sorption process. The signs and magnitude of the
coefficients can be interpreted in terms of known chemical interactions in the soil organic-

carbon-water system.

e=0.884

s =-0.334

=-0.355

b=-1.97
water

v=2.014

The equation can be compared to that for water-octanol partition, as the latter is often used

to obtain soil sorption coefficients.

Log Poet = 0.088 + 0.562.E - 1.054.S + 0.034.A - 3.46.B + 3.814.V
n=613, =0.9974, SD =0.116, F= 23162

The driving force for the uptake of organic compounds by soil is the relative ease of cavity
formation in the wet organic matter/carbon compared to the same process in water. Visa
measure of the size of a solute but is also the resultant of two opposing effects: (1) a cavity
effect that arises from the disruption of solvent-solvent interactions and leads to a negative
coefficient and (2) a general solute-solvent interaction that leads to a positive coefficient. In
the soil sorption process, the ‘v’ coefficient is positive so the solute-organic carbon
interaction dominates and the effect is greater than that of solute-octanol.

The ‘b’ coefficient is also significant in magnitude thereby demonstrating that the soil

organic carbon hydrogen bond acidity (since hydrogen bond bases interact with acidic
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phases) plays an important role in the sorption process. However, the value is negative,
therefore soil organic carbon is not as hydrogen bond acidic as water and retention of
hydrogen bond bases is favoured by water in the soil-water system. The hydrogen basicity
of organic matter is almost the same as that of water, so that hydrogen bond acids slightly
favour the aqueous phase.

The coefficient‘e’ shows that the dispersive interactions involving soil organic carbon are
slightly more important than those in the octanol-water system, “whereas dipolarity
/polarisability effects influence the soil organic carbon-water system to a lesser extent. The
ratios of the coefficients of the two equations can also be compared with v as the preferred

basis for the normalisation.

Table 7: LFER coefficient ratio comparison

~ Log Koc Log Poct
elv 0.44 0.15
s/v -0.17 -0.28
a/v -0.18 0.01
b/v -0.98 -0.90

Table 7 shows that a relatively good connection is found between both systems. However,
using the octanol-water system as a preciictive value for the soil sorption coefficient might
overestimate dispersive interactions of the system and the dipolarity/polarisability of the
organic carbon and overestimate its hydrogen bond acidity. The results provide an
explanation for the inability of common correlation methods (e.g. with log Sw or log Poct)
to predict reliable values for a wide range of compounds. It cannot be expected that a single
correlation between e.g. log Poct and log Koc will be found for a wide range of compounds
of different polarity without the inclusion of additional terms that reflect the difference for
dipole-type and particularly hydrogen bond base interactions between the two systems.
However, S.Poole et al. [12] ybserved that the isobutanol-water system (e = 0.48,s =-0.64,a
=-0.05, b= -2.28, v = 2.76) showed much less difference in terms of system constants with

the soil-water system .The same is the case for the equation coefficients in the retention of
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sodium taurodeoxycholate micelles in micellar electrokinetic chromatography (e = 0.65, s =
-0.46,a=0.0,b=-2.07, v = 2.48).

The log Koc values were also calculated from the experimental descriptors of the
agrochemical dataset compounds (table 7) and the results were consistent with the observed

values oflog Koc in the literature.

Table 8: log Koc predictions for the agrochemical data set

log Koc log Koc] log Koc
isal# Qdwcrana j “Yalc E

azoxystrobin 3.13 Pirimicarb 2.02
kresoxim-methyl 2.88 -enoxycarb 3.25
picoxystrobin 2.95 Carbetamide 190
acetochlor 2.58 232 Prosulfocarb 3.13
propachlor 2.10 2.42  Fluometuron 2.05 2.00
flurochloridone 2.67 Chlorotoluron 2.49 2.02
cyanazine 2.66 2.30 Diuron 2.72 2.40
simazine 2.47 2.13  Fenuron 1.87 1.40
atrazine 2.60 2.24  Chlorsulfuron 2.21
terbuthylazine 3.01 Prosutfuron 2.52
dimethirimol 1.78 Diflubenzuron  3.49 3.83
ethirimol 2.07 Hexaflumuron 3.65
bupirimate 2.51 Chkprfluazuron  4.92
pyrimethanil 2.87 Permethrin 5.84

cyprodinil 3.69 Cypenmethrin 5.54

metalaxyl 1.85 1.57  X-cyhalothrin 5.40

furalaxyl 2.62 tefluthrin 4.51
napropamide 2.95 2.85 bifenox 4.48

isoxaben 3.01 fomesafen 3.06
diphenamid 2.15 2.32 oxyfluorfen 4.65

flutriafol 2.61 fluazifop-butyl 3.42
tebuconazole 3.26 Fluazinam 4.08
hexaconazole 3.43 trifluralin 3.92 3.93
paclobutrazol 2.98 flumetralin 5.01

carbaryl 2.59 2.47
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Table 9: soil sorption data set

Name  t. Souree E, ;4 o 8 V  logKoc "A  res
oW, omlo,

"Propenal EXP 0.32 0.61 0.00 0.46 0.5040 -0.31 0.58 -0.89
"Ethanol EXP 0.25 0.42 0.37 048 0.4491 0.20 0.29 -0.09
"Propan-1,2-diol EXP 0.37 0.90 0.58 0.80 0.6487 0.36 -0.06 0.42
'"Propan-1 -ol EXP 0.24 0.42 0.37 0.48 0.5900 0.48 0.57 -0.09
'Formaldehyde EXP 0.22 0.62 0.00 0.33 0.2652 0.56 0.26 0.30
"Pentan-1-ol EXP 0.22 0.42 0.37 048 0.8718 0.70 1.12 -0.42
"Hexan-1-ol EXP 0.21 0.42 0.37 048 1.0127 1.01 1.40 -0.39
'Heptan-1 -ol EXP 0.21 0.42 0.37 0.48 1.1536 1.14 1.68 -0.54
'"1,3,5-Trinitrobenzene EXP 1.43 2.23 0.00 0.61 1.2390 1.30 2.19 -0.89
"Phenylurea EXP 111 1.40 0.77 0.77 1.0726 1.35 1.27 0.08
' Aniline EXP 0.9G 0.96 0.26 0.41 0.8162 141 1.65 -0.24
'4-Hydroxybenzoicacid EXP 0.93 0.90 0.81 0.56 0.9904 1.43 151 -0.08
"Phenol EXP 0.81 0.89 0.60 0.30 0.7751 143 1.56 -0.13
'Dichloromethane EXP 0.39 0.57 0.10 0.05 0.4943 1.44 1.40 0.04
""3-Methylacetanilide EXP 0.87 1.40 0.50 0.66 1.2542 145 1.73 -0.28
'‘Benzamide EXP 0.99 i.sq 0.49 0.67 0.9728 146 1.22 0.24
'1,1-Dichloroethane EXP 0.32 0.49 0.10 0.10 0.6352 148 1.56 -0.08
'Benzoicacid EXP 0.73 0.90 0.59 0.40 0.9317 1.50 1.61 -0.11
""3-Methylphenol EXP 0.82 0.88 0.57 0.34 0.9160 1.54 1.79 -0.25
"Methylphenylether EXP 0.71 0.75 0.00 0.29 0.9160 1.54 2.04 -0.50
""3-Methoxyphenol EXP 0.88 1.17 0.59 0.39 0.9747 1.55 1.76 -0.21
"Octan-1-ol EXP 0.20 0.42 0.37 0.48 1.2950 1.56 1.96 -0.40
'"2-Chloroacetanilide EXP 0.98 1.53 0.20 0.72 1.2357 1.58 1.74 -0.16
""0-Chlorophenylurea EXP 1.19 1.36 0.78 0.77 1.1950 1.61 1.59 0.02
'"1,2-Dibromoethane EXP 0.75 0.76 0.10 0.17 0.7400 1.64 1.92 -0.28
"Trichloromethane EXP 043 0.49 0.15 0.02 0.6167 1.65 1.75 -0.10
'"1,2-Dichloropropane EXP 0.37 0.63 0.00 0.17 0.7761 1.71 1.74 -0.03
"3-Nitrophenol EXP 1.05 1.57 0.79 0.23 0.9493 1.72 1.97 -0.25
"4-Nitrophenol EXP 1.07 1.72 0.82 0.26 09493 1.74 1.87 -0.13
'4-Methoxyphenol EXP 090 1.17 0.57 0.48 0.9747 1.75 1.61 0.14
"m-Fluorophenylurea EXP 090 1.52 0.81 0.54 1.0903 1.77 1.52 0.25
'4-Methylbenzamide EXP 099 150 0.49 0.65 1.1137 1.78 1.55 0.23
'm-Chloro-1-phenyl-3,3-dimethyl EXP 1.15 1.54 0.41 0.80 147681 1.79 2.14 -0.35
""3-Chlorophenol EXP 091 1.06 0.69 0.15 0.8979 1.82 2.11 -0.29
'"N.N-Diethylacetamide EXP 0.30 1.30 0.00 0.78 1.0699 1.84 0.83 1.01
"Tetrachloromethane EXP 046 0.38 0.00 0.00 0.7391 1.85 2.16 -0.31
"Butylamine EXP 0.22 035 0.16 0.61 0.7720 1.88 0.77 1.11
"Nonan-1-ol EXP 0.19 042 0.37 048 1.4354 1.89 2.23 -0.34
pirimicarb EXP 118 131 0 141 1.8945 1.9 2.02 -0.12
'Chlorodibromomethane EXP 0.78 0.71 0.07 0.08 0.7219 192 2.11 -0.19
"m-Chloro-1-phenyl-3-methylurea EXP 1.18 1.54 0.74 0.61 1.3359 1.93 2.14 -0.21
"Nitrobenzene EXP 0.87 1.11 0.00 0.28 0.8909 1.94 2.03 -0.09
""4-Bromoacetanilide EXP 1.14 1.65 0.59 0.50 1.28831 1.95 2.24 -0.29
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'm-Trifluoromethylphenylurea

EXP {0.6 1.371 0.871 0.45 1.2666( 1.96 |1.89(0.07

"4-Chloroaniline EXP {1.06/1.13 0.30/0.31 0.9390 1.98 [2.12]-0.14
'3-Bromoacetanilide EXP |1.141.65 1.65 0.46{ 1.2883| 2.01 | 1.94 |0.07
'1,2-Dimethoxybenzene EXP |0.83 0.97] 0.00{ 0.65{ 1.1160| 2.03 |1.76 10.27
'"4-Aminobenzoicacid EXP [1.08 1.5710.9010.65 1.0315 2.05 | 1.2910.76
"Ethylhexanoate EXP |0.04] 0.58 0.00 0.45( 1.31022 2.06 | 1.98 {0.08
"Methylbenzoate EXP {0.73 0.85 0.001 0.46{ 1.0726( 2.10 [2.01]0.09
imazine EXP {1.55|1.71]0.3710.79( 14787 | 2.13 ]247 |-0.34

"Bromobenzene EXP {0.88 0.73 0.000.09 0.8914 2.18 |2.54 |-0.36
'Methyl4-hydroxybenzoate EXP 10.901.3710.69 0.45 1.1313 221 |1.87(0.34
"1,1,1-Trichloroethane EXP |0.37) 0.41] 0.00 0.09) 0.7576] 2.26 |1.93 {0.33
"N-Methylaniline EXP {0.950.90 0.171 0.43 0.9571 2.28 |1.940.34
cyanazine EXP |1.7312.24|0.4510.97| 1.7743 2.3 2.66 |-0.36
"Tribromomethane EXP |0.971 0.68 0.15 0.06| 0.7745 2.34 |2.411-0.07
carbaryl EXP (1.51]1.9310.32{0.75| 1.5414 2.36 2.59 {-0.23
'Dimethylphthalate EXP 10.78 1.40 0.001 0.84{ 1.4288 2.39 |1.83 |0.56
‘4-Bromophenol EXP [1.08 1.17] 0.671 0.20) 0.9501 241 [2.23|0.18
'1-Bromo-4-nitrobenzene EXP |1.141.27]0.00 0.26| 1.0656 2.42 |2.60 [-0.18
'1,4-Dichiorobenzene EXP |0.83 0.75 0.000 0.02{ 0.9612] 2.44 |2.77 {-0.33
"Ethyl4-nitrobenzoate EXP |0.95 1.38 0.001 0.61] 1.3877] 2.48 |2.36 (0.12
'3,4-Dichloronitrobenzene EXP |1.1711.2210.000.19 1.1354 2.53 | 2.93 [-0.40
"'3,5-Dinitroaniline EXP |1.45 1.98 0.50, 0.40 1.1646| 2.55 |2.38 |0.17
"'Tetrachloroethene EXP 10.64{ 0.44 0.00 0.00! 0.83700 2.56 |2.49 [0.07
diuron EXP 1.5 11.8610.52{0.71| 1.5992 2.6 2.72 |-0.12
'2,3-Dichlorophenol EXP [0.96 0.94 0.48 0.20| 1.0199 2.65 ]2.41]0.24
'2,4,6-Trinitrotoluene EXP [1.432.230.00061 1.3799 2.72 |2.48{0.24
"2, 4-Dichlorophenol EXP 10.96 0.84{ 0.53] 0.19 1.0199 2.75 |2.45(0.30
"1,2,3-Trimethylbenzene EXP [0.730.61 0.0000.19 1.1391] 2.80 |2.75]0.05
'3,5-Dimethylphenol EXP {0.820.84 0.57] 0.36/ 1.0569 2.83 |2.05]0.78
"Quinoline EXP |1.27,0.97]0.001 0.54 1.0443] 2.89 |2.22 [0.67
'Pentachlorophenol EXP [1.22(0.8710.96/0.01{ 1.3871] 2.95 | 3.61/-0.66
'Ethyloctanoate EXP {0.02{ 0.58 0.000 0.45] 1.59201 3.02 | 2.54]0.48
'3,4-Dichlorophenol EXP |1.0211.14 0.85 0.03 1.0199 3.09 |2.60]{0.49
'1,2,4,5-Tetramethylbenzene EXP |0.74 0.601 0.00 0.19 1.2800f 3.12 ] 3.05]0.07
'Dibutylphthalate EXP | 0.700 1.40 0.00/ 0.86} 2.2742 3.14 | 3.42 |-0.28
'1-Naphthol EXP |1.5211.05 0.600.37] 1.1441 3.33 |2.74|0.59
'2,3,4,6-Tetrachlorophenol EXP |1.1010.87] 0.50 0.15] 1.2647] 3.35 |3.14[0.21
"'Phenazine EXP |1.97/1.53 0.00{ 0.59 1.3722] 3.37 |3.22(0.15
‘Butylbenzene EXP {0.6010.51/0.00 0.15 1.2800f 3.40 |3.03|0.37
"1,2,3,5-Tetrachlorobenzene EXP [1.16] 0.85 0.00 0.001 1.2060f 3.49 | 3.56 {-0.07
"3,4,5-Trichlorophenol EXP 11.130.92{ 0.99 0.000 1.1423| 3.56 |3.03|0.53
2-chlorobiphenyl EXP [1.48 1.100.000 0.21] 1.4466/ 3.57 | 3.83[-0.26
'1,2,4-Trimethylbenzene EXP |0.68 0.56 0.00(0.19 1.1391 3.60 |2.72]0.88
'Fluorene EXP {1.59 1.06{0.00/ 0.25 1.3565 3.70 |3.68(0.02
diflubenzuron EXP |1.87(1.09{0.04{1.11]|1.9948 | 3.83 3.490.34
"Dibenzothiophene EXP |1.96{ 1.31] 0.00| 0.20| 1.3791] 4.05 | 4.06 {-0.01
"Acenaphthene EXP |1.60{ 1.05 0.00{ 0.22 1.2586 4.11 | 3.56 ] 0.55
'Naphthacene EXP |2.851.70 0.00 0.29 1.8234 4.11 |5.43 ]-1.32
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2 4'-dichlorobiphenyl EXP {1.62{1.18 0.000.19 1.56900 4.13 |4.21|-0.08
2,5,2'trichlorobiphenyl EXP {1.75 1.31 0.00 0.16{ 16914 4.23 |4.59 [-0.36
4 .4'-Dichlorobiphenyl EXP |1.641.00 0.00 0.14] 1.5690 4.30 |4.39]-0.09
"Anthracene EXP |2.29 1.34/ 0.0010.28 1.4 441 |4.340.07
'2-Aminoanthracene EXP |2.65 1.69 0.210.62| 1.55421 4.45 |4.0010.45
2.3,4,2', 5'-pentachlorobiphenyl EXP [2.04 1.62 0.001 0.08 1.9362] 4.74 | 5.39 |{-0.65
"9-Methylanthracene EXP |{2.29 1.30 0.00 0.30{ 1.5953 4.81 |4.60|0.21
2,5,3',4'-tetrachlorobiphenyl EXP {1.89 1.501 0.00{0.15 1.8138 4.86 | 4.91 [-0.05
2,6,2',6-tetrachiorobiphenyl EXP |1.84/1.65 0.0000.18 1.8138 4.91 14.76 {0.15
'1,1,1-Trichloro-2,2-(4-CIC6H4) EXP [1.80 1.70 0.28 0.23] 2.21800 5.38 | 5.32 |0.06
. 2,3,4,5,2',5'-hexachlorobiphenyl EXP 1219 1.62 0.001 0.08] 2.0586 5.95 |5.77{0.18
2.,4,5,2'.4' 5'-hexachlorobiphenyl EXP |2.18 1.61 0.001 0.08 2.0586 6.08 |5.76 {0.32
2,3,4,6,2-pentachlorobiphenyl EXP |2.011.620.00 0.08 1.9362] 6.11 |5.36|0.75
2,3,6,6,2',3',5',6"-octachiorobiphenyll EXP |2.44 2.100 0.00/ 0.01| 2.3034) 7.34 |6.46 (0.88
"Aceticacid EXP {0.27] 0.65 0.61 0.44] 0.4648, 0.00 | 0.26 |-0.26
"Ethyleneoxide EXP |0.25 0.59 0.001 0.35 0.3405 0.34 | 0.41 |-0.07
‘Methanol EXP |0.28 0.44] 0.43 0.47] 0.3082] 0.44 |0.03 |0.41
"Butan-1-ol EXP {0.22]0.42/0.37/0.48 0.7309 0.50 |0.84 |-0.34
'Benzylalcohol EXP |0.80/ 0.87] 0.39( 0.56] 0.9160f 0.70 [ 1.41|-0.71
'2,2,2-Trichloroacetamide EXP [0.71 0.63 0.47/ 0.56] 0.8731] 0.99 {1.29 [-0.30
"Resorcinol EXP |0.98 1.11] 1.09 0.52| 0.8338 1.03 | 1.15(-0.12
"Trichlorfon EXP |1.04 1.521 0.29 1.19 1.4788 1.29 | 1.32 [-0.03
"2-Methylphenol EXP |0.84] 0.86] 0.52 0.30] 0.9160f 1.34 | 1.91 |-0.57
'4-Methoxyacetanilide EXP {0.97] 1.63 0.48 0.86{ 1.3133] 1.40 | 1.48 {-0.08
"N-Methylbenzamide EXP [0.95 1.49 0.40 0.71] 1.1137, 142 | 1.43|-0.01
"Acetanilide EXP |0.87 1.36{ 0.46{ 0.69 1.1137] 1.43 | 1.4210.01
fenuron EXP [1.21{1.92]0.380.78] 1.3544 1.43 1.87 |-0.44
"2-Nitrobenzamide EXP |1.292.25 0.4000.86] 1.14700 1.45 | 1.24|0.21
'Phenylaceticacid EXP |0.73 0.97] 0.60 0.61 1.0726| 1.45 | 1.45[0.00
"Hexanoicacid EXP |0.17/ 0.601 0.60( 0.45 1.0284] 1.46 |1.31(0.15
"4-Fluoroacetanilide EXP 10.74 1.39 0.62/ 0.56) 1.1310f 1.48 | 1.53 |-0.05
"'p-Fluorophenylurea EXP |{0.92 1.53 0.90 0.54; 1.0803| 1.52 | 1.49(0.03
"4-Nitrobenzoicacid EXP |0.99 1.07] 0.621 0.54] 1.1059 1.54 | 1.85]-0.31
'N,N-Dimethylbenzamide EXP |0.95 1.40 0.00 0.98 1.25460 1.54 [1.35[0.19
"1,2-Dichloroethane EXP |0.42/ 0.64] 0.10/ 0.11] 0.6352 1.56 | 1.57 [-0.01
'3-Fluoroacetanilide EXP |0.74{ 1.36/ 0.62{ 0.52{ 1.1310 1.57 | 1.62 |-0.05
'2-Methoxyphenol EXP |0.84] 0.910.22 0.52| 0.9747] 1.60 | 1.68 |-0.08
"Acetophenone EXP [0.82 1.01/ 0.001 0.48] 1.0139, 1.63 | 1.87 |-0.24
"'m-Toluidine EXP {0.950.95 0.23{0.45 0.9571 1.65 | 1.87(-0.22
'4-Methylphenol EXP [0.82 0.87 0.57, 0.31 0.9160f 1.69 | 1.85-0.16
"2-Chlorophenol EXP |0.85 0.88 0.3210.31] 0.8975 1.71 |1.93|-0.22
'1,1,1,2-Tetrachlorethane EXP 10.54{ 0.63 0.10 0.08 0.88000 1.73 | 2.24 |-0.51
'1,1,2-Trichloroethane EXP |0.50{0.68 0.130.13 0.7576] 1.75 | 1.83 |-0.08
'4-Methylbenzoicacid EXP {0.730.90 0.60| 0.40 1.0726 1.77 | 1.89|-0.12
"trans-1,2,-Dichloroethene EXP |0.43/0.41] 0.09 0.05 0.5922, 1.77 | 1.69|0.08
'Dichlorobromomethane EXP [0.59 0.69 0.101 0.04] 0.6693] 1.79 ]1.92 |-0.13
'1,1-Dichloroethene EXP |0.36(0.34{ 0.00{ 0.05 0.5922| 1.81 |1.69(0.12
'Diethylphthalate EXP |0.73 1.40(0.00 0.86] 1.7106 1.84 {2.31]-0.47
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0.897

1.85

'4-Chlorophenol EXP |0.92] 1.08 0.67] 0.20 2.01 [-0.16
*3-Chioroacetanilide EXP 10.9§8 1.44 0.64] 0.50| 1.2357] 1.86 |2.05]-0.19
'Ethylphenylacetate EXP |0.66 1.01 0.000 0.57] 1.3544 1.89 [2.24{-0.35
'1,1,2,2-Tetrachloroethane EXP |0.60 0.76/ 0.16{0.12| 0.88000 1.90 |2.14-0.24
'Benzene EXP [0.61 0.52 0.00 0.14] 0.71 1.92 - 11.9210.00
"4-Nitrobenzamide EXP |1.25 2.171 0.750.60] 1.14700 1.93 | 1.62|0.31
"3-Nitroacetanilide EXP 11.112.05 0.64 0.57] 1.2875 1.94 | 1.920.02
"3-Nitrobenzamide EXP 11.27/2.14 0.750.63 1.14700 1.95 |1.59/0.36
"4-Bromoaniline EXP [{1.191.19 0.31/0.30{ 0.9910 1.96 | 2.34 |-0.38
"Ethylpentanoate EXP |0.050.58 0.000.45 1.1693| 1.97 | 1.71(0.26
"Toluene EXP [0.60 0.52 0.00/ 0.14] 0.8573 2.00 |2.20{-0.20
"'m-Chlorophenylurea EXP [ 1.01] 1.54 0.81 0.52] 1.19500 2.01 ]1.86|0.15
"Trichioroethene EXP |0.52 0.371 0.08 0.03 0.7146 2.03 | 2.08 {-0.05
"2-Nitrophenol EXP |1.02] 1.05 0.05 0.37] 0.9493 2.06 |2.10 |-0.04
'm-Bromophenylurea EXP |1.28 1.63 0.82]0.52| 1.2476( 2.06 {2.17 |-0.11
"p-Bromophenylurea EXP [1.351.63 0.82{ 0.56{ 1.2476] 2.12 | 2.15(-0.03
jatrazine EXP 11.51(1.2410.33/0.94] 1.6196 2.17 2.60 |-0.43
"Fluorotrichloromethane EXP {0.21] 0.18 0.001 0.08{ 0.6 220 |1.63[0.57
fluometuron EXP [0.7711.33]0.4710.77| 1.5484 2.24 2.0510.19
"N,N-Dimethyianiline EXP |0.96 0.81 0.000 0.41] 1.0980 2.26 | 2.37 |-0.11
'Ethylbenzoate EXP |0.69 0.85 0.00) 0.46| 1.21350 2.30 [2.25]0.05
'3,5-Dinitrobenzamide EXP |1.56 2.90 0.20 0.61] 1.3212] 2.31 |2.180.13
'p-Bromo-1-phenyl-3-methylurea EXP |1.341.63 0.750.63 1.3885 2.36 |2.31]0.05
"N,N-Diethytaniline EXP |0.95 0.80 0.00 0.41) 1.3799 2.37 [2.93|-0.56
"Ethylbenzene EXP |0.610.51 0.00 0.15 0.9982, 2.40 |2.48 {-0.08
"Chlorobenzene EXP |0.720.65 0.001 0.07| 0.8388 2.41 |2.361{0.05
@acetochlor EXP |1.1611.04]0.3111.36]2.1402 | 242 |2.58|-0.16
'1,3-Dichlorobenzene EXP 10.85 0.73 0.00 0.02] 0.9612 2.47 |2.79(-0.32
'1,2-Dichlorobenzene EXP |0.87/0.78 0.001 0.04] 0.9612) 2.51 | 2.76 |-0.25
'2-Chlorotoluene EXP {0.76 0.65 0.001 0.07] 0.9797| 2.55 |2.68|-0.13
['2,4,5-Trichlorophenol EXP |1.070.92 0.73/0.10 1.1423 2.56 | 2.87 |-0.31
"Decan-1-ol EXP {0.19 0.42] 0.370.48 1.5763] 2.59 |2.51]0.08
"Ethylheptanoate EXP |0.030.58 0.000 0.45| 1.4511 2.61 |2.25{0.36
"Benzophenone EXP [1.45 1.50 0.00 0.50{ 1.4808 2.71 | 3.16 [-0.45
"Ethyl3,5-dinitrobenzoate EXP 11.252.150.0000.65 1.56619 2.74 [263(0.11
"Diphenylamine EXP [1.59 0.88 0.10/0.57] 1.4240 2.78 | 3.20 |-0.42
"1,3,5-Trimethylbenzene EXP ]0.65 0.52 0.000 0.19 1.1391 2.82 |2.71]0.11
"1,3,5-Trichlorobenzene EXP [0.98 0.73 0.000.000 1.0836, 2.85 | 3.20|-0.35
"1,2,4-Trichlorobenzene EXP_|0.98 0.810.00 0.00| 1.0838 2.94 |3.17 |-0.23
'Styrene EXP |0.85 0.65 0.000 0.16{ 0.9552 2.96 |[2.53]0.43
['2,4,6-Trichlorophenol EXP ]1.010.80 0.68 0.15| 1.1423] 3.03 |2.780.25
"Naphthalene EXP |1.34]{ 0.921 0.00| 0.20] 1.08 3.11 |3.06{0.05
terbuthylazine EXP 11.51{1.3710.183|0.88{ 1.7605 3.13 3.01]0.12
"1,2,4,5-Tetrachlorobenzene EXP [1.16 0.86 0.000 0.00{ 1.2060 3.20 | 3.56 [-0.36
'Hexachloroethane EXP |0.68 0.68 0.00/ 0.00{ 1.1248 3.34 | 3.03|0.31
'1-Methylnaphthalene EXP | 1.34/ 0.92 0.000 0.20| 1.2263 3.36 | 3.34 |0.02
'2-Methylnaphthalene EXP {1.3000.92 0.000 0.20{ 1.2263] 3.40 | 3.31{0.09
'4,4’-Diaminobiphenyl EXP [1.90 1.900 0.50 0.85] 1.5238 3.46 |2.64[0.82
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"Benzo[blthiophene EXP [1.32/0.88 0.001 0.20{ 1.0101 3.51 {2.90/0.61
"Dodecan-1-ol EXP |0.18 0.42 0.370.48 1.85800 3.56 | 3.07 |0.49
'Hexachlorobenzene EXP [1.49 0.99 0.00/ 0.00| 1.4508 3.59 |4.30/-0.71
"Indane EXP }0.83 0.62 0.0000.15 1.0305 3.63 |2.70{0.93
'1-Ethylnaphthalene EXP [1.3710.88 0.000 0.20{ 1.3672 3.77 |3.67]0.10
2 2'-Dichlorobiphenyl EXP |1.600 1.24/ 0.001 0.19 1.5690 3.92 {4.17 |-0.25
'2,3-Dimethylnaphthalene EXP 11.430.95 0.000.20, 1.36720 4.08 | 3.700.38
"Acridine EXP [2.36 1.3210.00 0.58 1.4130 4.11 |3.73]0.38
'1,3,5-Triethylbenzene EXP |0.67] 0.50{ 0.00(0.19 1.5618 4.12 | 3.59]0.53
Trifluralin EXP |1.06|2.03]0.3410.53 | 2.2040 4.14 3921022
'2,3,4,5-Tetrachloronitrobenzen EXP |1.47 1.38 0.001 0.23| 1.3802 4.23 |3.55/0.68
'Phenanthrene EXP {2.06 1.29 0.000 0.29] 1.4544| 4.36 | 4.13|0.23
3-Chiorobiphenyl EXP [1.511.00 0.001 0.21] 1.4466| 4.42 | 3.89 |0.53
2.4,5,2' 5'-Pentachlorobiphenyl EXP 12.04] 1.61 0.00 0.05 1.9362] 4.63 | 5.45 (-0.82
Permethrin EXP [1.95/1.90{0.00}0.73 | 2.8842 4.8 5.84 |-1.04
2 4,2-Trichlorobiphenyl EXP [1.741.28 0.00 0.15] 1.6914/ 4.84 | 4.610.23
2.5,2',5'-Tetrachlorobiphenyl EXP [1.901.40 0.000 0.11] 1.8138{ 4.91 | 5.04 {-0.13
'Pyrene EXP |{2.81 1.710.001 0.28] 1.5846( 4.92 | 4.94 |-0.02
'Chrysene EXP [3.031.73 0.00 0.36| 1.8234] 5.50 |5.45]0.05
2,3,4,5,6,2',5-Heptachlorobiphenyl | EXP |2.31] 1.901 0.00{ 0.04{ 2.18100 5.95 |6.11[-0.16
,4,6,2' 4' 6'-Hexachlorobiphenyl EXP ]2.1211.69 0.00{ 0.09 2.0586] 6.08 | 5.66 |0.42
2,3,4,2',3',4'-hexachlorobiphenyl EXP [2.18 1.60 0.00 0.05{ 2.0586] 6.42 |5.83]0.59
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CHAPTER X:
VAPOUR PRESSURE: THE BACKGROUND

In chapters 1-3, the main physical pathways of pesticide loss were described as being

run-off, leaching and volatilisation [**!

of the applied chemical. In this present chapter,
volatility and vapour pressure will be defined, the different factors affecting this
property will be described and finally an overview of the various experimental methods

of vapour pressure determination will be given.

X-1 Definition of vapour pressure

Volatilisation is a process of change of phase. A condensed phase such as a liquid or
solid may be transformed into vapour by elevation of temperature or reduction of
external pressure. If the substance passes directly from the solid phase to the vapour
phase without an intermediate liquid phase, the process is known as sublimation. Since
many organic solids have appreciable vapour pressures below their melting point, this
phenomenon is of great interest to the user of pesticides. |

The tendency of a compound to volatilise is expressed by its vapour pressure. If a liquid
is contained in a closed vessel and is in equilibrium with its own vapour in the space
above it, then the pressure exerted by that vapour is known as the vapour pressure of the
substance. At a given temperature the vapour pressure of any substance is uniquely
defined. This follows as a consequence of the phase rule. The system possesses only one
component and two phases (vapour and liquid) and only one degree of freedom is
possible. Therefore, vapour pressure is solely a function of temperature for any
substance. This discussion applies also in the case of a solid and the relationship
between vapour pressure of a solid and temperature is called a sublimation curve.

If a solid (or liquid) is contained in a closed vessel, the space above will be filled by
vapour. Evaporation of the solid will continue until equilibrium is achieved at a given
temperature. At equilibrium, the number of molecules leaving the surface (evaporating)

is equal to those returning (condensing) and will be a function of temperature. However,
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the compression of a gas in an énclosed space produces liquefaction if the temperature is
below the critical temperature of the gas. At a given temperature, the pressure that must
be exerted to cause liquefaction, provided that both liquid and vapour are present, is
known as the saturation vapour pressure for that temperature or simply as the vapour
pressure.

Vapour pressures are usually recorded in millimeter of mercury (mm Hg), Pascal (Pa) or
Atmosphere (atm). Vapour pressure is closely related to vapour density and can be

calculated from it using the relationships

Vapour density = W/V X-1)
w weight of gas
\Y volume of gas
Vapour pressure = W RT X-2)
V M
R molar gas constant

T absolute temperature
M molecular weight

It is assume that there is no association of molecules in the vapour phase.

N.B.: 1atm=101.325kPa

X-2 Factors influencing the volatilisation of a pesticide from soil

The vapour pressures of organic chemicals used as pesticides are usually low by the
standard of practical organic chemistry. Most herbicides have vapour pressures well
below 10°mm Hg at 20°C. Factors that might be expected to influence the volatilisation
of a pesticide from soil include its structure, mode of application, soil type, soil sorption,

temperature and atmospheric conditions.
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* Pesticide application
The ability of agrochemicals to pass into the vapour phase is significant in relation to the
quantities applied annually and also to their biological effects. In addition, their mode of

application frequently presents a high potential for loss by evaporation.

» Pesticide structure
A useful predictive guide to behaviour is provided by the chemical structure of the
compound. Some herbicide classes are metabolised or degraded relatively rapidly to

more polar products that may be strongly adsorbed to soil.

+ Partition of a pesticide in the different soil phases
A pesticide applied to soil may be partitioned between soil/water, soil/air and soil /solid,
the three phases constituting soil The volatilisation of the compound can occur
either fi-om the sorption site in the solid phase or from soil water to soil air. The vapour
of'the substance will then be transported to the atmosphere from soil air. It has also been
shown that the adsorption of a pesticide reduces highly its volatility, so that the
volatilisation will be faster if the compound is displaced from its adsorption site to the
soil water. The transport processes of the pesticide in the various phases are illustrated
in figure 1 below. Any factor influencing the transport between these four phases will in

turn affect the volatilisation ofthe compound.

Figure 1: Transport processes in soil and atmosphere

ATMOSPHERE

SOTT. Am

SOIT. WATER

Soil sorption
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As previously discussed in chapter VII and IX, soil sorption is an important factor
affecting pesticide bioavailability. Obviously, if the pesticide is adsorbed onto the soil
organic matter, it will then be less prone to volatilisation. Therefore, any factor

influencing soil sorption will in turn affect the volatilisation of the compound

e Soil type

The soil type will affect adsorption to soil. Water content is important, but this effect
does not depend on the existence of a phenomenon that has been termed codistillation,
i.e. there is no enhancement of the volatility of a material due to the evaporation of
water™). However, reduction of soil moisture content increases the sites available for
adsorption on soil vparticles and thus reduces volatility. A second effect, wick
evaporation (movement of water upwards when the soil is drying out), may assist
volatilisation by providing a transport mechanism.

Soil factors become important at low rates of application. On dry soil, water and
pesticide compete for adsorption sites, thus the quantity of pesticide volatilised during a
given period will depend on the rate of drying of the soil. As the moisture level
decreases, the vapour of the pesticide is greatly reduced. This process of competition for
active sites is significant in its influence on the rate of volatilisation but not the loss of
water per se 8

Another effect of reduction of soil moisture content is a decrease in pH of the soil water.
This will favour the undissociated form of acidic pesticides such as 2,4-D and their
potential for vapour loss may be decreased. Conversely, the proportion of charged form
of weakly basic triazines or anilines may increase with a resultant vapour pressure
decrease.The volatilisation of a pesticide may therefore appear to be enhanced by the
presence of water. However, the main cause for the reduction in rate of volatilisation of
the pesticide as the soil dries out is due to the reduction of its vapour pressure that
results from adsorption to the dry soil surface when there is insufficient water to occupy
all adsorption sites. Igue ez al. ® consider that the volatilisation of dieldrin and probably
all pesticides is determined by soil water content and not by the rate of evaporation of
soil water. Thus, volatilisation of pesticides is independent of water loss and does not
depend on codistillation. Volatilisation will occur whether or not water is evaporating
from the soil, but, if the moisture content of the soil decreases, the rate of volatilisation

may be influenced insofar as it influences soil moisture content.
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¢ Diffusion )

Diffusion provides one of the mechanisms for movement of pesticides through soil and
is the consequence of random molecular motion as a result of which material moves
from a higher to a lower concentration, in accordance with the second law of
thermodynamics. Diffusion coefficients of many pesticides are quite small, however,
and diffusion through the bulk of the soil normally plays an insignificant role in
herbicide movement to the surface of the soil where volatilisation to the atmosphere can
occur. Consequently, relatively volatile herbicides can be used effectively, provided that
they are incorporated in the soil immediately after application.

Although a small contribution from solid-phase diffusion is also expected, diffusion in
soil takes place mainly in the vapour and solution phases. Therefore in this case, soil
moisture content is important. As a result, the quantity of pesticide transported in the
vapour phase is approximately the same as the total diffusing by other processes, despite
the fact that a smaller quantity of pesticide is present in the vapour phase than is

adsorbed on soil and in solution.

¢ Atmospheric conditions

The ultimate fate of a pesticide in air will depend oh the movement of air masses. If the
pesticide is adsorbed on airborne particulate matter, it may be returned to earth by
fallout or rainfall, or it may undergo photo-oxidation or photochemical reaction in the
upper levels of the atmosphere. If it exists as vapour, the latter fate seems a likely
postulate.

One factor that determines the soil persistence of a herbicide is its tendency to volatilise
or pass into the vapour phase, thus moving from its site of application. Pesticide vapours
enter the earth’s atmosphere by evaporation from the surface of treated soil, from spray
droplets, from crop surfaces or from industrial sites. Another potential source of
pesticide vapour is air-borne particles of pesticide-treated soil eroded by the wind. A
dynamic situation is to be anticipated since pesticide vapours may be removed from air
by condensation or adsorption on airborne dust particles or terrestrial surfaces.
Quantitatively, the significance of these processes is difficult to assess.

A pesticide entering the air will suffer the same fate as other pollutants: its ultimate

destination will be determined by the speed an direction of the wind, topological
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features, variations in air density, the nature of surface cover and variation in the surface
temperature . A ‘thin stagnant air layer’ was described in the literature "%, just
above the soil surface over which the wind blows, where the volatilisation of a
compound from soil can occur only by a molecular diffusion process. The actual mass
transfer away from the soil by diffusion will depend on the diffusion coefficient, the
vapour pressure of the compound and the thickness of the stagnant air layer. This
thickness will in turn depend on flow rate and turbulence, surface geometry and surface
roughhess (191 As an overall effect, volatilisation increases with increasing air exchange

rate and air turbulence 1%,

e Temperature
The relationship between vapour pressure and temperature is represented graphically by
a curve, which is called the sublimation curve for a solid-vapour system. Vapour
pressure measurements for solids of low vapour pressure are customarily made at
elevated temperatures; therefore, there have been many attempts to formulate empirical
relationships that permit satisfactory extrapolation of such meaéurernents to ambient
temperatures.
Trouton’s rule ('
A wide range of liquids give approximately the same molar entropy of vaporisation
(about 85.8 J K mol™). This is because a comparable amount of disorder is generated
when 1 mol of any liquid evaporates. Some liquids, however, deviate sharply from the
rule. This is often because the liquids have structure, and so a greater amount of disorder
is introduced when they evaporate. This is the case for water, where the relatively large
entropy change reflects the presence of hyd.rogen bonds that will organise the molecules
in the liquid.

Clapeyron-Clausius equation!':
d(ln p) = AHRT* (X-3)
p vapour pressure
AH  enthalpy of vaporisation
heat absorbed during the change in state (from solid to vapour)

R molar gas constant

239



If it is assumed that AH does not depend on temperature, then equation X-3 integrates
to:
In p = const - AH/RT ' (X-4)
McGowan 1;
McGéwan (1965) gives a useful empirical equation for non-associated liquids which is
an improvement on the simplest combination of Trouton’s rule and the Clapeyron-
Claﬁsius equation and approximately valid over a wide range.
The equation is: log;o p = 5.580 — 2.7 (T/T)"’ X-5)
Where p saturation vapour pressure in mmHg

T temperature (absolute, °C)

Ty . boiling point at 760 mmHg
The equation can be extended to the case where the boiling point, T, is known only ata -
lower pressure, p;. To predict the vapour pressure, p,, at temperature, T, we eliminate
Ty from the two substitutions in equation 1 and obtain:

logio p2 = (T1/T2)!" logyo p1 — 5.580[(Ty/T2)"" 1] (X-6)

X-3 Different alternatives for vapour pressure estimation

In 1997, Delle Site 7 reviewed the various existing m‘ethods for the determination of
the vapour pressure of environmentally significant organic chemicals. As for soil
sorption, these methods can be divided into experimental (direct or indirect
determination) and prediction approaches. The vapoﬁ pressure of pesticides being
generally below 10° mmHg, the experimental techniques used should be able to

measure accurately vapour pressures much less than 1 mmHg.

X-3.1 Direct experimental methods

N.B.: The experimental methods are sometimes referred to as ‘static’ and ‘dynamic’ !*

201 The static methods measure directly the pressure exerted by vapour in equilibrium
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with the liquid or solid under examination, whereas with the dynamic methods, a sample

of saturated vapor is removed and the vapour concentration is determined ('3,
X-3.1.1. Manometric methods

These methods ‘measure directly the pressure exerted by the vapour in equilibrium with
the test compound in the liquid or solid phase [*?% In the simplest devices, the
substance is placed in a thermostatted cell under vacuum and the pressure is measured
with a suitable device (mercury manometer, Pirani gauge, Bourdon gauge, McLeod
gauge, thermocouple gauge etc). Some of those gauges are equipped with pressure
sensors, which work as null-detectors, where the vapour pressure is balanced with the

[21-31)

air pressure. Many variations of these methods are described in literature , with an

estimated range of error of 2-5%, the overall measured vapour pressure range was 0.133
Pa to 133 kPa.

X-3.1.2. Boiling point at reduced pressures

These methods are based on the temperature at which the liquid substance boils at a
defined pressure. The boiling apparatus may consist of a glass boiler connected to a
vapour column in which three thermocouples are located at different heights to give
some indication of the purity of the sample, the reading of the three thermocouples
being identical for a pure substance 23], The boiler is connected to a vacuum pump
and to a system, which allows admission of air or nitrogen at known pressure into the

1331 or with an oil manometer

apparatus. The pressure is measured with a McLeod gauge
321, Initially, the vessel containing the sample is degassed and the temperature of the
boiler is increased until vapours rise in the boiling-point tube; the presence of vapours
causes the thermocouple system to indicate increases of temperature. Then air or
nitrogen is admitted until pressure has reached a selected value. The pressure is held at
this value until the temperature reaches a steady state; this temperature is regarded as the
boiling point of the liquid at the selected pressure. This process can be repeated after

increasing the air pressure. It is also possible to begin the process from high values of

pressure decreasing it step by step with a vacuum pump. Many variations of these
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methods are described in the literature 3***!, the measureable range of vapour pressure
and accuracy depending mainly on the measuring device used.

The boiling point of liquids with moderately high irapour pressure (>133.3 Pa) at
different pressures may be measured by differential thermal analysis "®], This method
requires a small amount of sample (10 pls) and the measurement is rapid. The apparatus
consists of a heating block with two wells into which thermocouples, and associated
instrumentation for sensitive determination of temperature difference between the two
thermocouples are inserted. A bell jar over the block controls the pressure in the system.
Thin-walled glass tubes are loaded with microglass beads and placed in the block. The
liquid under examination is injected into one tube and the thermocouples are inserted.
After the pressure in the system is stabilised, the heating cycle is begun, and when the
boiling point of the liquid is reached, vaporisation prevents any further temperature rise
in one tube; hence, the difference in temperature which develops is recorded. By raising
the temperature in the bell jar the boiling is quenched, thus permitting several boiling
point temperature measurements to be made on a single sample. The accuracy is better
than 10-20% in most cases. Boiling point determinations are very inaccurate at lower
vapor pressures and provide inaccurate estimates of the vapour pressure at ambient
temperature if a change of state or a transition temperature occurs between the boiling

temperature and ambient temperature (4.

X-3.1.3. Effusion

The effusion methods, in their original versions, determine the vapour pressure at
constant temperature of a single compound, from the measurement of the weight loss
through a small orifice into a vacuum (typically 10~*Pa).

The Knudsen effusion cell consists essentially of a cell having a small orifice of known
diameter and immersed in a container connected to a high vacuum system. The cell is
weighed at the beginning of the experiment and at time intervals using a balance, which
can be internal or external to the apparatus. Alternatively, the vapour can be condensed

[45-46]

on a liquid nitrogen cooled cold finger or on a surface cooled by dry ice-acetone or

[18,42]

liquid nitrogen placed above the orifice , removed and analysed. The vapour

pressure can be calculated from the following equation:

P = (W /AK)N 2nRT/M) X-7)
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Where P vapour pressure

W weight loss over a corresponding time t

A area of the orifice

R gas constant

T absolute temperature

M molecular weight |

K Clausing factor, depending on the orifice diameter, which represents the

probability of effusion through the orifice for a given molecule.

In the torsion-effusion method, the cell consists of two spheres having one hole each in
opposite positions and suspended from a thin long quartz ), phosphor bronze 8% or
tungsten %% wire. The effusion of the vapour through the two oriﬁées exerts a torque
which is directly proportional to the vapour pressure 811, A trap cooled with liquid
nitrogen or CO,-acetone mixture may ensure rapid passage of vapours away from the
holes and protect the vacuum from vapours 5% The sensitivity depends on the size and
position of the holes and the stiffness of the suspension. At each temperature, the
pressure in the effusion cell can be determined by its torsion angle, a, from the
following equation:
P=2Ka/(@lfi+taltf) (X-8)
Where K torsion constant

aja;  areas of the orifices

L1k distance of the orifices from the rotation axis

fif,  corresponding geometrical factors

Some authors 841

used an apparatus in which torsion and weighing were combined. In
these methods, it is assumed that the number of molecules exiting from the small hole
under vacuum depends only on the size of the orifice and on the saturation vapour
pressure >°>°3), They can be affected by systematic errors, which depend on the orifice
area, temperature or impurities !***. However, when the vapours are condensed and
collected for analysis, impurities can be corrected for by appropriate choice of analytical
methods (81,

Effusion methods allow measurement of vapour pressures down to 10>Pa without great

difficulty %), but are considered accurate for vapour pressures in the range of 10 to 10°
Spg (18471
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X-3.1.4. Gas saturation

The gas saturation method, also termed the ‘transpiration method’, is the official
approved method for determining vapour pressures of substances for which the EPA
will require testing under Section 4 of the Toxic Substances Control Act (US EPA
1980). It was introduced by Regnault ! in 1845 then developed by Spencer and Cliath
136] It is based on the production of a saturated vapour phase by passing an inert gas, air,
nitrogen or oxygen through a thermostatted column packed with the powdered

compound [57-58]

or with an analyte-coated inert support. The saturation pressure of the
substance is represented by its partial vapour pressuré. Usually, the vapour is collected
on liquid or solid traps and the substance is determined by suitable means. The
conditions and details of the analysis may vary according to the substance being
analysed and many variation of the gas saturation approach can be found in the literature
47.36.55-18) Several approaches were considered for the final determination of pesticides:
e Loss in weight in the saturation tube "]

e Increase of weight of the condensation trap

e Weighing of the compound condensed on a cold trap (™!

e UV measurement of the compound in a liquid trap [72:30]

e Combustion of the analyte and determination of the CO, produced by IR analyser
[58,81-82]

e Combustion of the analyte, adsorption of P,Os and CaCl, of the produced CO, and
water, and their determination by weight (%

* Decomposition of chlorinated compounds in alkali and determination of the
produced HCl by potentiometric titration 4

¢ Collection of the *C-labeled compound on a solid trap, elution and determination by
liquid scintillation counting

e Collection of the *C-labeled compound on charcoal tubes, combustion of the tubes
and determination of the produced *CO; by liquid scintillation counting ¥

e Collection of the *C-labeled compound on a solid trap, elution, combustion and

determination of the produced CO, by liquid scintillation counting [**]
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e Collection of the analyte on liquid or solid traps, liquid-liquid extraction or elution
and determination by GC or HPLC 6% 86-%]

The advantages of the chromatographic techniques over the others consists in

eliminating any effect of impurities and allowing simultaneous measurements on many

test compounds.

The vapour pressure, VP, in GS methods can be calculated from vapor density using the

following equation:

VP =dRT/M) (X-9)

Where VP vapour pressure

d vapour density
R molar gas constant
T absolute temperature

M molecular weight of the compound of interest
GS methods usually show standard deviations between 0.5-18% in the range of vapour
pressure of 10 to 10* Pa and in the range of temperature of 100-200°C [60,90,91,69,72,84,87]
The technique was further developed for the determination of vapour density in

pesticide-soil systems 20569294,

X-3.1.5. Air-water partition coefficient

This method can be applied to water solutions of compounds of very low solubility (less
than 10 ppm) B3], Airis passed through contact bubblers containing an aqueous solution
of the compound (a pesticide labelled with *C) under examination, then through two
Arnold absorption bulbs in series containing a xylene-based scintillator solution, where
the compound is trapped. At the end of the expeﬁment, the concentrations of compound
in the gas phase and in the aqueous solution are measured by liquid scintillation
counting.

Several determinations are carried out at 20°C over a range of concentrations from very
dilute to saturated solutions containing a suspension of the solid material. The plot of
the partition coefficient versus concentration shows a constant value of the partition
coefficient over a range of concentration of several order of magnitude, followed by a

sharp rise in the apparent value at the point of saturation. The value of solubility can be
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obtained from the point at which deviation from the straight line occurs, while the

vapour pressure can be calculated from the values of the partition coefficient and the

solubility using the following equation:
P =(S x 10°x 760 x 22400 x 293)/(VP x M x273) . X-10)

Where P partition coefficient at 20°C

VP  saturation vapour pressure at 20°C (mmHg)
M molecular weight |
S solubility at 20°C (ppm)

X-3.1.6. Other methods

Other methods have been proposed for the determination of low vapour pressures of

chemicals. They can be summarised as follow:

1.

S x H 6 %103l yapnour pressure (VP and solubility (S) in water are related
through the Henry’s law constant (H); therefore VP can be calculated knowing H
and S.

Equilibration technique (101l Measurement of the vapour in the head space in
equilibrium with watér. The approach was used to measure by gas
chromatography both vapour pressure and solubility in water at room temperature
of the single compounds in the water at equilibrium in a closed bottle. S, VP and
H can then be calculated for each compound in the mixtures.

Vapour viscosity [105-106]

or vibration gauge: It is based on the principle that the
vibration of a A shaped fine quartz fibre '° or a 10 cm strip of molybdeum (1061 js
proportional to the vapour pressure inside a measurement cell. The syStem must be
calibrated with an absolute manometer. The approach was used to measure vapour
pressures in the range of 0.133-1.33 x 10 Pa.

Fluorescence of vapour "%7) in the head space which is proportional to vapour
pressure. The vapour in equilibrium with the condensed phase is collected,
dissolved in hexane and analysed by IR or UV spectroscopy.

Diffusion law %); This simple approach is based on the determination of the

diffusion rate of the test compound from the bottom of a Sovirel flask to the top,

where a filter paper soaked with oil is placed. The content of the test compound in
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oil is determined at time intervals and plotted as a function of time. From the slope
of the curve, the diffusion coefficient, and the height of the flask, it is possible to
obtain the vapour density, then the vapour pressure. The relative standard

deviation of the measurements is 10-15%

X-3.2 Indirect experimental methods

These methods require calibration with compounds of known vapour pressure,
measured with a suitable direct method. The preferred reference are those which belong

to the same chemical class of the compound of interest.

X-3.2.1. Relative volatilisation rate

The method is based on the principle that, with compounds insoluble in water, the
vapour pressure of an immiscible phase is not significantly changed by the presence of
water 1%, Thus, the vapour pressure of the insoluble compound can be calculated from
the amount of water and compound volatilised after distillation of the aqueous
suspension. Bowman et al %! determined the vapour pressure of DDT. They used the
general equation relating the volatility of two materials (A and B) to molecular weight
and vapour pressure:
Wa/ Wg=(Ma Pa)/ (Mg Pg) X-11)
Where W weight of distillate

P vapour pfessure

M molecular weight
Other methods generally use simple experimental devices to measure the lvapour
pressure of a compound from its loss rate and the loss rate of a reference compound of
known vapour pressure under the same experimental conditions %1121, Many variations

of this approach can be found in the literature (113113}
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X-3.2.2. Chromatographic methods

The gas chromatographic techniques are based on the concept that the retention times of

single compounds are inversely correlated to their vapour pressure. Herington !¢

derived the fundamental equation relating retention time and vapour preésure:

Log (ts2 / ts1) =log (P1 / P2) + log (Y1sp / Y2sp) (X-12)

Where 1,2  component 1 and 2
ts retention time
P saturation vapour pressure
Ysp activity coefficient in the stationary phase

Equation (X-14) includes entropy effects of the retention related to the partition in the
liquid phase. A minimisation of these effects can be achieved by using a non-polar
stationary phase for which separation depends only on vapour pressure. With this
approach, equation (X-14) becomes:

to/tq=P1/ Py (X-13)
Thus, from the knowledge of the vapour pressures of some reference compounds, it is
possible to obtain the vapour pressure of test compounds under the same conditions.

Many variations of this approach can be found in the literature 171461,

X-3.3 Prediction methods

Vapour pressure data are often scarce for chemicals of environmental concern,
especially for those with low vapour pressure (<1.0Pa), due to analytical difficulties ',
The prediction methods in these cases may offer valuable means to predict vapour

pressures.

X-3.3.1. Clausius-Clapeyron equation

The Clausius-Clapeyron equation in the general form is:

din P /dT = AvapH /(AZRT?) (X-14)
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where P vapour pressure

T absolute temperature

R gas constant

AypH  enthalpy of vaporisation

AZ  compressibility factor given by AZ =P AV/RT X-15)
AZ is dimensionless and has a value of 1 for an ideal gas. It can be ignored if the
pressure is low and considering that the molar volume of the condensed phase is
relatively small. By integrating equation (X-16), we obtain a simpler equation:
InP=A;-B;/T (X-16)
where A; and B; can be expressed in terms of the parameters in equation (X-14).
Equation (X-18) is usually used for small ranges of temperature, where AyapH / AZ can
be assumed constant. More complex equations can be derived assuming an analytical
form for the temperature dependence of AygpH. Examples of vapour pressure prediction

methods based on the Clausius-Clapeyron can be found in the literature [147-149]

X-3.3.2. Indices of molecular structure

One of the most important approaches in estimating a large number of physical
properties, e.g. aqueous solubility, octanol-water partition coefficient, etc, is represented
by methods based on the use of fragment constants. These methods assume that each
property of a compound is the sum of contributions of single atoms or molecular
fragments or structural factors (e.g. type of bond). As previously mentioned, the method
of fragment contribution to evaluate log Poct of many organic compounds has been
highly developed. Fragment constants for over 160 atoms or fragments have been
derived together with several structural factors (type of branching, rings, chain length,
halogenation, etc).

Several investigations have reported development of predictors, related to molecular
topology, which require only the knowledge of the chemical structure and therefore are
particularly suitable for new chemical products, when only the chemical structure is
known. They can be accurately calculated and account for the structural differences
between chemicals. Methods based on QSARs have been extensively used in the field of

pharmacology to evaluate some biological effects (enzyme induction, biodegradation,

249



toxicity, etc) through correlation with topological indices . QSARs were also used for
parameters of environmental interest (solubility, Henry’s law constant, log Poct etc) and
for these studies, they were often referred to as QSPRs (Quantitative structure property
relationships). Molecular surface area and molecular connectivity indices (MClIs) belong
to this class of predictors. Molecular Connectivity Indices '****!! are defined from the
assignment of a numerical adjacency value to each atom other than hydrogen in the
molecular skeleton. This value corresponds to the bond number or the valence of each
atom. Four classes of bonding are identified: paths, chains, clusters and path clusters.
Different orders are assigned to each class. The MCI can be calculated by summing the
negative square roots of the product of the atom valences relative to each group or

adjacent atoms in the molecule.
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CHAPTER XI:
VAPOUR PRESSURE: THE LFER

XI-1 Examples of vapour pressure prediction methods

Some examples of vapour pressure prediction methods are given in table X-1. Although
the list is reduced to just a few examples, the main problems linked to the prediction of
vapour pressure can be illustrated as follows for the correlation of vapour pressure as a

function of temperature.

Table 1: Examples of existing QSPR for vapour pressure estimation

method compounds N | VP range (log Pa/RT) |[RMSE| R? | ref,
Computational Neural Network Model hydrocarbons/halohydrocarbons{ 352 ffrom -1.016 to +6.65 0.163 1098 a
Computational Neural Network Model hydrocarbons/halohydrocarbons | 5330 Ifrom +3.0to +6.5 0.0511098, b
Topological Indices organic compounds 479 0.534 [0.96] ¢
Empirical descriptors organic compounds 411 0.331 {095 d
Antoine equation organic compounds hnm 10 to 760 mmHg 2.7% e
from 10°to 10 mmHg | 87% e

Watson correlation organic compounds m10to 760mmHg | 2.5% e
from 10°to 10 mmHg | 39% e

from 10°to 10° mm Hg | 47% e

a- E.S.Goll, P.C.Jurs, J.Chem.Inf.Comp.Sci, 39,1081-1089,1999

b- D.Yaffe, Y.Cohen, J.Chem.Inf.Comp.Sci., 41, 463-477, 2001

c- C.Liang,D.A.Gallagher, J.Chem.Inf.Comp.Sci., 35, 77-84, 1998

d- A Katritzky, Y.Wang, S.Sild, T.Tamm, M.Karelson, J.Chem.Inf.Comp.Sci., 38, 720-725, 1998

e. C.F.Grain, Handbook of chemical property estimation methods, ed. by W.J.Lyman, W.F.Reehl,
D.H.Rosenblatt(McGraw-Hill, NY, 1982), Chap.14

Grain et al. ' recommend two methods that require only a small number of
experimental data and are applicable to almost any organic material over a wide range
of vapour pressure. The first method based on the Antoine equation, can be generally
applied over a range from 760 to 10° mm Hg (0.02 to 1000 Pa/RT). The second
method, the modified Watson correlation, can be used over a range from 760 to 107
mm Hg (3.107 to 1000 Pa/RT). In both cases, the boiling point must be known. Grain et

al. separates the standard error in ranges, i.e. method 1 has an error of 2.7% for vapour
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pressure between 10 and 760mm Hg, and 87% between 10~ to 10 mm Hg; for method

2, the error is 2.5% and 39% respectively for the same previous ranges of vapour
pressure, and 47% between 107 and 10? mm Hg. He thereby points out the main
problem of vapour pressure estimation which is the prediction of low vapour pressures,
as accurate vapour pressures of chemicals of low volatility are often not available or
inaccurate due to experimental difficulties.

Both data sets used for the methods based on neural network models *® are limited to
hydrocarbons/halohydrocarbons, and might not be applicable to the estimation of
vapour pressure for more complex chemical classes (with e.g. hydrogen bonding
groups). In addition, the choice of compounds in the data sets excludes compounds with
very low vapour pressures. Numerous other methods are available in the literature. The
main limitations of the latter might be (1) the restrictions of the datasets to a few simple
chemical classes and (2) the lack of reliable low vapour pressure data. Katritzky et al ¥
proposed a five-descriptor linear correlation model for predicting the vapour pressure of
411 compounds (R?>=0.949, sd=0.331). The five ‘descriptors were chosen from an
extensive set of constitutional, topological, electrostatic, geometrical and quantum
mechanical descriptors. Liang and Gallagher @ used a-polarisability (describing
dispersion forces or induced dipole-induced dipole interactions), dipole-dipole, dipole-
induced-dipole, and hydrogen bonding interactions group counts as input for their 479
diverse compounds (R?=0.960, sd = 0.534).

Chastrette et al.!® used a multifunctional autocorrelation method to predict the vapour
pressure of alkanes and alcohols. The components of the auto-correlation vector were
calculated from Bondi’s surface areas for the set of 186 compounds and used as
descriptors in the analysis. The five descriptor MLR equation with R? = 0.988, sd =
0.10, was superior to previously published models. Bask et al.””! used a hierarchical
QSAR approach by relating the vapour pressures of 476 compounds to topostructural,
topochemical and geometrical parameters. The best MLR equation (R2= 0.843, sd =
0.29) obtained consisted of 10 descriptors: 3 topostructural indices, 6 topochemical

indices and one hydrogen —bonding parameter.
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XI-2 The data sets

Two data sets were available for our analysis:

1- Data set 1: 235 (halogenated) hydrocarbons ™ (all with experimental descriptors);
the data set is comprised of compounds containing only carbon, hydrogen and
halogen in various bonding configurations.

2- Data set 2: 674 compounds collected by Abraham et al. ™! (109 Absolv, 565

experimental sets of descriptors) from the literature

The vapour pressure is expressed in log Pascals, at 20 degC. When the literature value is
given at another temperature, the vapour pressure at 20 degC was estimated using
McGowan’s method ). McGowan gives a useful empirical equation for non-associated
liquids which is an improvement on the simplest combination of Trouton’s rule and the
Clausius-Clapeyron equation and approximately valid over a wider range.
Log p=5.58-2.7 (Ty/ T)!7 XI-1)
Where p vapour pressure in mmHg at temperature, T (degC)

T,  boiling point at 760 mmHg '
This equation can be extended to the case where boiling point, Ty, is known only at a
lower pressure, p;. To predict the vapour pressure, p,, at temperature, T, we eliminate

Tp from the two substitutions in equation (XI-1) and obtain:

Log p> = (Ty/T2)"". log p1 — 5.58 [ (T/T2)""-1] (X1-2)

For correlations of vapour pressure, as log VP, the general solvation equation has to be
modified in a similar fashion as that for the aqueous solubility LFER. Abraham and Le
(5 pointed out that there is a fundamental difference between processes such as water-
solvent partition coefficients, and aqueous solubility. In the former processes, the
thermodynamic standard states are those of unit molar concentration and unit activity in
both the aqueous and the solvent phase. For solubility in water, the standard states are
unit molar concentration and unit activity in the aqueous phase, but the pure liquid or
solid as the other phase. Abraham ™ showed that the standard state of pure liquid or
pure solid is equivalent to a different standard state for each compound. The general
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solvation equation is constructed for processes in which different solutes have the same
standard state in each phase. In chemical terms, this means that a solute in a given phase
is surrounded by the phase molecules, whereas for the standard state of pure liquid or
solid, the sofute is surrounded by itself. Abraham and Le ©! incorporated two new terms
that reflect interactions in the pure liquid or solid. A descriptor product term A*B deals
with hydrogen bond interactions between acid and basiclsites in the solid or liquid, and
a term in S*S with dipole/dipole interactions. Those same terms will be used to
establish a vapour pressure equation.

A first exercise was carried out where the two data sets were considered separately, in
order to point out the importance of the homogeneity of the compounds selected for the
training set. The data sets were compared in terms of consistency, by comparing the
vapour pressure values of 95 compounds present in both data sets and the results were
indeed consistent with each other — as shown in Figure 1. Two compounds were
removed from the data sets, n-butane and terpinolene, as their values differed
significantly from one data set to the other. The correlation coefficient thereby increased
from 0.53 to 0.94.

Figure 1: vapour pressure comparison
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The second step was to compare the range of vapour pressure values covered by the
data set. Both data sets have similar distribution profiles; however, data set 2 covers a
much wider range of vapour pressure values (-6.69 <log VP<7.41 compared with —
0.72<log VP<6.65, with VP in Pascals).
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Figure 2: vapour pressure distribution (1)
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The data sets are quite different in terms of chemical classes. Dataset 1 is exclusively
constituted of hydrocarbons and halogenated hydrocarbons, and for a large number of
compounds S = A = B = 0; whereas data set 2 is more diverse (c.f. figure 3). These

disparities can also be observed from the descriptor values distribution.

Figure 3: descriptor values distribution
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The E and V distribution profiles are similar in both data sets, although again data set 2
covers a wider range of values (data set 2: -1.32<E<2.81 and 0.45<VQ.97; data set 1: -
1.03<E<1.45 and 0.27<V<2.13). The main variation lies in the distribution of S, A and
B values. Indeed in data set 1, S<0.96, A<0.17 and B<0.23 for all 235 compounds, 52
compounds have a negative or nil polarisability/dipolarity (S), 215 compounds have no
hydrogen bond acidity and 52 compounds have hydrogen bond acidity, which is not
unusual for hydrocarbons. However, this leads to a LFER equation that will predict
hydrocarbons reliably but other chemical classes poorly, in particular those with
hydrogen bond acidity and basicity. In the final step of the comparison, the LFERs were
obtained for both data sets by MLRA as described in chapter III-3.

Table 2: Multiple Linear Regression Analysis for log VP (data set 2)

[Summary of fit

Rsquare 0.869

Rsquare adj. 0.867]

RMSE : 0.71

|Mean of Response 2.469

F ratio 626.61

Observations 672

Parameter estimates

[Term Estimate {Std Error [t ratio

C 7.06! 0.100 72.21
e -0.95 0.100 -9.19
is -1.00 023 440
la -2.76) 0.27] -10.34
b -0.06 0.15 -0.43
is*s -0.54 0.12] -4.52
la*b 055 036 155
Y -3.00 007 <42

Log VP = 7.06 (+ 0.10) — 0.95 (x0.10) . E — 1.00 (£0.23) S — 2.76 (0.27). A
+ 0.06 (+ 0.15). B — 0.54 ( 0.12) S*S +0.55 (+ 0.36) A*B- 3.00 (+ 0.07) .V

n=672, R*=0.869, sd = 0.718, F = 626.6 (XI-3)
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Figure 4: log VP obs. versus log VP calc. (data set 1)
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Table 3: Multiple Linear Regression Analysis for log VP (data set 2)

%ummary of fit

Rsquare 0.7

Rsquare adj. 0.697

{RMSE 0.704

Mean of Response 3.617]

F ratio 77.13

Observations 233

Parameter estimates

Term Estimate [Std Error {t ratio

C 6.72 0.17] 39.24]

e 0. 0.300 -2.81
-1.1 0.600 -1.82
4.63 2.76 2.68

b 1.05 1.02 1.03

is*s -0.37] 0.55 -0.67]

b 17.95  26.93  0.67

v 269  0.15 -17.50

Log VP = 6.72 (+ 0.17) — 0.84 (x0.30). E — 1.10 (20.60) S — 4.63 (:2.76). A
+ 1.05(* 1.02). B — 0.37 (2 0.55) S*S +17.95 (+ 26.92) A*B- 2.69(z 0.15) .V

n =233, R*>=0.706, sd = 0.704, F=77.1 (X1-4)
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Figure 5: log VP obs. verus log VP calc. (data set 2)
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Summary of fit
The example of these two equations reflects the problem of judging the efficiency of a

regression by the correlation coefficient only. Consider, R = 0.869 for data set 2 and R?
= 0.706 for data set 1. The overall standard errors are also in the same value range
(RMSE = 0.718 for data set 1 and RMSE = 0.704 for data set 2). One could conclude
that both regressions are reasonable, with regression 1 being slightly better than the
second one. However, a closer look to the results shows that the F-statistics are
extremely different from one another ( F = 626 for data set 2 and F = 77 for data set 1),
thereby showing how comparatively poorly the second regression fits the relationship
between log VP and the LFER descriptors. From the summary of fit, it can be
concluded that the regression carried out on data set 2 is much better than regression 2
on dataset 1, especially considering that:

e  Data set 2 contains three times as many compounds as data set 1

e 109 of the compounds in data set 1 were determined by fragment addition,

whereas data set 2 comprises experimental descriptors only

Parameter estimates

There are four points to be observed from the parameter estimates:
e a, b and therefore a*b too, are significantly different in equations XI-3 and XI-4.
e As arule of thumb, the t-ratio should be greater than 2 for the corresponding term

to be significant. Therefore, b and a*b terms are not significant in both regressions
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. In addition, the standard error on each descriptor is extremely large indata setl.
Although reasonable on e and v, it represents half the value of s and a, equal to b
and in the case of s*s and a*b, the standard error is actually greater than the
coefficient itself.

. Another important observation, in data set 1, is the fact that, according to the t-

ratios, four (s, b, s*s, a*b) out of the seven terms are considered not significant.

The best approach is to combine both data sets for a maximum diversity of compounds
and descriptors. The combination results in a data set of 674 (data set 2) + 235 (data set
1) - 95 (compounds present in both data sets) - butane - terpinolene = 812 compounds.
In addition, 34 compounds were deleted from the data sets, as they are gases at room
temperature. The compounds were separated randomly into a training set and a test set.
Histograms were prepared (figure 4) in order to verily that:

1- All values were represented in the range of study

2- The training set is representative of the whole data set

Figure 6: Vapour pressure distribution (2)
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The training and test sets are representative of the whole data set in terms of vapour

pressure values distribution. The LFER can now be established.
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XI-2 The LFER
Multiple Linear Regression Analysis (as described in Chapter ITI-3) was used to obtain
a regression between the descriptors of the compounds included in the training set and

their vapour pressure, log VP (in Pa/20degC)

Table 4: Multiple Linear Regression Analysis for log VP (1-combined data set)

ISummary of fit

Rsquare 0.863

Rsquare adj. 0.860

RMSE 0.690

Mean of Response 2.546

F ratio 341.63

Observations 389

Parameter estimates .

Term Estimate |Std Error t ratio

c 7.35 0.13 55.02
e -0.79 0.14 -5.79
s -1.42 029 4.95
z] -2.71 039 -5.94
b -0.00 0.18 -0.02
Is*s -0.25 0.15 -1.64
a*b 0.39 0.47] 0.85
¥ -3.24) 0.10 -33.84]

Log VP =7.35 (+ 0.13) — 0.79 (+0.14) . E — 1.42 (+0.29) S — 2.72 (+0.39) . A
- 0.003 (+ 0.18). B — 0.25 (+ 0.15) S*S +0.39 (+ 0.47) A*B~ 3.24(+ 0.10) .V

n =389, R?=0.863, sd = 0.690, F = 341.6 (XI-5)
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Figure 7: log VP obs. versus log VP calc. (test set — equation XI-5)
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The results are, as expected, half-way between those obtained for data sets 1 and 2 and

the test set shows similar correlation coefficient and standard error. However, a

problem rising from equation X-5 is the non-significance of the phase hydrogen bond

acidity coefficient, b, and the added coefficient a*b, according to their t-ratio. A new

equation is established without those two terms.

Table 5: Multiple Linear Regression Analysis for log VP (2-combined data sets)

Summary of fit

Rsquare 0.862

Rsquare adj. 0.860

RMSE 0.68

IMean of Response 2.546

F ratio 479.52

Observations 389

Parameter estimates

[Term Estimate [Std Error t ratio

c 7.33 0.13) 55.42

3 -0.78 0.120 -6.
-1.43 024 -58
-2.42 0.22 -11.03

Is*s -0.24 0.1 -1.61

v -3.23 0.09 -34.40

268



Figure 8: log VP obs. versus log VP calc. (combined dataset — equation XI-6)
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As a result of removing the b and a*b terms from equation X-3, an improved LFER was
obtained:
Log VP =7.33 (x 0.13) - 0.78 (£0.12). E — 1.43 (0.24) S — 2.42 (+0.22). A
—0.24 (£ 0.15) S*S—-3.23 (+ 0.09) .V
n =389, R? = 0.862, sd = 0.689, F= 389 (XI1-6)

63 compounds (49 with experimental descriptors, 14 with Absolv descriptors) have a
standard error greater than the overall standard error (0.689), suggesting that this time,
the errors are more due to literature vapour pressure data than to the descriptor
predictions given by Absolv. The highest errors are mainly at low vapour pressure

values but some outliers can also be found at higher values.
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Figure 9: residuals versus log VP obs.

log VP obs (Pa/20degC)

New vapour pressure values were found for 27 compounds from the Environmental fate

database 8. Only on six occasions, the new vapour pressures increased the error value.

Once the vapour pressure values were double-checked, the compounds with

experimental descriptors were put back into the equations. In addition, carbon dioxide

and methane are also gases at room temperature and were deleted from the training set.

The experimental descriptors of five compounds were determined and the compounds

put back into the equation, the remaining nine sets of experimental descriptors could

not be determined, as they presented fragments that were not available in the

experimental descriptor database. They were therefore removed from the equation.

Table 6: MLRA for log VP (combined dataset — equation XI-7)

rSummeu'y of fit

Rsquare 0.950

Rsquare ad. 0.950

RMSE 0.360

Mean of Response 2.866)

F ratio 1423.50

Observations 378

IParameter estimates

Term Estimate [Std Error t ratio

C 7.39 0.07] 107.88§]
E -0.83 0.67 -12.48
S -1.24 0.13 -9.53
A -2.90 0.14 -21.30
Is*s -0.39 0.09 -4.55
v -3.25 0.05 -61.08
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Log VP = 7.39 (£ 0.07) — 0.83 (:0.67) . E — 1.24 (20.13) S — 2.90 (:0.09) . A
—0.39 (+ 0.09)S*S—3.25 (+ 0.05) .V
n=378, R*=0.950, sd = 0.360, F = 378 X1-7)

Figure 10: log VP obs. versus log VP calc. (combined data set — equation XI-7)
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Figure 11: log VP obs. versus log VP calc. (test set — equation XI-7)

Test set

=0.8692
-10 sd=0.68

log VP obs, {Pa/20degC)

A number of outliers is present in the test set. Some of them are due to functional
groups not being represented in the training set, e.g.:

Triethanolamine was an outlier in the training set and the necessary fragments were not
available from the experimental descriptor data set. It was therefore was removed from

the regression. It is thus not surprising that the predictions for diethanolamine in the test
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set have such a high error. For the same reason, the equation has some difficulties

predicting vapour pressures for isocyanates and hexyl phthalates. 20 compounds were
removed from the test set and the rest were added to the training set for a final vapour

pressure equation.

Table 7: MLRA final equation (training + test set)

Log VP =7.44 ( 0.05) — 0.79 (0.05). E ~ 1.21 (£0.10) S — 2.92 (0.10). A

Summary of fit
Rsquare 0.946

Rsquare adj. 0.945

RMSE 0.38

Mean of Response 2.848

F ratio 2622.21

Observations 761

Parameter estimates

[Term Estimate [Std Error t ratio

c 7.44 0.05 144.23
3 -0.79 0.05 -16.06
S -1.21 0.10 -12.36
a -2.92 0.10. -30.40
Is*s -0.51 0.07 -7.66
v -3.29 0.04 -80.06

~0.51 (£ 0.07) $*S—3.29 (£ 0.04) .V
n=761,R>=0.946, sd = 0.383, F=2622.21

Figure 12: log VP obs. versus log VP calc. (final equation)

log VP calc. (Pa/20degC)

d 7

log VP obs. (Pa/20degC)
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XI-3 Discussion

The final equation can be studied term by term in order to isolate and to quantify the

particular interactions that influence the volatilisation process.

e=-0.785
s=-1.213
a=-2.922
s*s =-0.508
v=-3.288

In this particular equation, all properties lead to a decrease in vapour pressure. The a*b
coefficient, absent from this LFER, suggests that the hydrogen bond interactions within
the solid or liquid are not significant, and that hydrogen bond basicity of the solute (B
descriptor) does not play an important role in the volatilisation process However, the
presence of hydrogen bond acids (A descriptor) and the volume are the main factors
decreasing the vapour pressure value. Similarly, solute polarisability/dipolarity and
dipole-dipole interactions within the solid/liquid increase the volatility of the
compound.

The two other terms, e and v, also both result in a decrease in vapour pressure. The E
descriptor refers to the ability of the solute to interact with surrounding ¢ and =
electrons, the negative ‘¢’ coefficient suggesting that such interactions within the solid
or liquid are larger than the corresponding interaction in the vapour phase (which is
zero). V is a measure of the size of a solute but also is a measure of the compound-
compound interactions that have to be broken in order to release the compound into the
vapour. This requires work and so the v-coefficient must be very negative, as observed.
Thus the signs and magnitude of the coefficients in equation 8 can be interpreted in
terms of known chemical interactions, between molecules of the compound itself, in the
vapour and solid/liquid states. Such interpretation, in turn, leads to information about
the physicochemical factors that influence the volatilisation of liquids and solids.

Using the final LFER (equation 8), the standard error values of 94% of the compounds
are within twice that of the overall standard error (2 x 0.383 = 0.76). It is, however,
quite obvious that the errors are larger for lower vapour pressures and the data set can

be divided into two subsets for discussion.
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Log VP<I (VP <10 Paat20degC),n=648, =0.93,sd=10.33
* Log VP>1 (VP >10 Paat20degC),n=83, =0.83,sd=0.63
The first set of compounds (log VP>1) yields a good correlation and the standard error
is halfthat of the second set of compounds. In the second set however, a quarter of the
compounds have a standard error value greater than twice that of the overall standard
error. As previously mentioned, reliable vapour pressure data are difficult to obtain the

lower they get and this is often the case for agrochemicals.

Table 8: vapour pressure estimation for the agrochemical data set (equation XI-8

experimental descriptors)

Compound  Log VP calc, (Pa/~d*iO. LogVPobf.fl"ddeaé)

Azoxystrobin -7.47 -9.96
kresoxim-metiiyl -3.39 -5.64
Picoxystrobin -3.46 -5.26
Acetochlor -3.37 -0.40
Propachlor -0.28 -2.21
Flurochloridone -2.10 -3.62
Cyanazine -4.28 -6.70
Simazine -2.20 -5.77
Atrazine -2.02 ~N69
lerbuthylazine -2.17 -4.10
Dimethirimol -0.35 -3.33
Ethirimol -2.01 -3.84
Bupirimate -6.14 -4.28
[*yrimethanil -1.04 -2.90
Cyprodinil -2.02 -3.55
Metalaxyl -2.88 -3.38
Fxiralaxyl -3.61 -4.15
Napropamide -2.96 -3.53
Isoxaben -5.03 -6.61
Flutriafol -3.03 -8.15
Tebuconazole -4.64 -5.77
Hexaconazole N34 -4.74
Paclobutrazol -4.45 -6.00
Carbaryl -2.48 -4.59
Pirimicarb -2.02 -3.40
Fenoxycarb -6.39 -6.40
Prosulfocarb -1.67 -2.39
Fluometuron -1.64 -4.18
Chlorotoluron -2.35 -5.62
Diuron -3.14 -6.29
Fenuron -1.80 -3.44
Chlorsulfuron -2.54 -8.94
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IProsulfuron 6.65 5.78
iflubenzuron -2.59 -7.29
Hexaflumuron -7.07 4.52
orfluazuron -9.01 -8.00
ermethrin £.25 -5.60
Cypermethrin v -8.36 -6.70
\-cyhalothrin -7.86 -6.70
Tefluthrin -2.90 -2.08
ifenox -4.40 -4.03
[Fomesafen . _578 -5.40
Oxyfluorfen -3.18 -5.17
{fluazifop-butyl -4.98 -4.26
Ifluazinam -4.82 -3.32
trifluralin -4.37 -2.67
flumetralin -5.87 -3.49
diphenamid -1.52 Negligible at 20 °C
carbetamide 4.29 Negligible at 20 °C

Figure 13: vapour pressure estimation for the agrochemical data set

4
4
b

I
&
&
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L

log VP calc. (Pal20degC)
[ 2
[ 2
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L 2

log VP obs. (Pa/20degC)

The LFER profile of pesticides in chapter VII shows that agrochemicals generally have
a small A descriptor value (from 0.0 to ~1.0). However, combined with a large negative
‘a’ coefficient in equation 8, the effect will be a decrease in the log VP value. The
hydrogen bond basicity of pesticides can be increased without increasing volatility, thus
explaining the higher values of the B descriptor (from ~0.2 to 2.5). The range of
MacGowan volume values is narrower than for pharmaceuticals, the lower limit of
pesticides being around 1.3 and 0.8 for pharmaceuticals, as agrochemicals need to be
volatile enough to be transported to the plant via the vapour phase but not too volatile or
they would be lost via volatilisation from the soil/field.
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Vapour pressure is of course one of the main properties affecting the volatilisation of
agrochemicals but other external factors are also significant. The vapour of several
triazines has been reported to damage soybeans and oats and the severity of the damage

Bl Although the vapour pressure of triazines is low

increased with temperature
(compared to other herbicides), volatilisation is a source of significant loss. Kaufman e#
al. P! studied the effect of soil moisture on the volatilities of seven triazineé. Loss was
significant on wet soil, whereas on dry soils the losses were not as extensive and the
results indicated that an increase in volatilisation with increased soil moisture. This
suggests that soil sorption and water solubility are also factors that can affect the rate of
vaporisation of those herbicides.

The predictive ability of this LFER (equation XI-8) is limited to log VP > 1, due to the

- difficulty of obtaining reliable values below those, However, it provides a useful tool

for the determination of the important interactions behind the volatilisation process and

the properties necessary to produce a pesticide within the range of application.

Table 9 contaning the compounds used in this chapter, alongside their descriptors, log P
oct calculated and observed starts on page 279
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Table 9: Vapour pressure datasets

Compound

trans-1,2-dimethylcyclohexane
Nonanal
2,3-dimethyl-2-butene
beta-phellandrene
Carvone
3-Chlorotouene
n-octylbenzene
Tetrachloromethane
Pentane
Ethylpropanoate
Methylenecyclohexane
Pentan-3-one
trans-1,4-dimethylcyclohexane
2-Methylbutan-2-ol
Isopentylacetate
Propylformate
Methylacetate
2-methyl-2-butene
Hexachlorobutadiene
Propylacetate
Butylformate
2-Methyltetrahydrofuran
Ethylmethacrylate
3-Ethyltoluene
Dipentylether

descriptors dataset

Exp
Exp.
Exp
Exp
Exp.
Exp.
Exp
Exp.
Exp.
Exp,
Abs.
Exp.
Exp
Exp.
Exp.
Exp.
Exp.
Exp
Exp.
Exp.
Exp.
Exp.
Exp.
Exp.
Exp.

D2
Dl
D2
D2
D1
D1
D2
D1
D1
D1
D1
D1
D2
D1
D1
D1
D1
D2
D1
D1
DI
D1
D1
D1
D1

E .

0.23
0.15
0.14
0.53
0.67
0.74
0.58
0.46
0.00
0.09
0.39
0.15
0.19
0.19
0.05
0.13
0.14
0.06
1.02
0.09
0.12
0.24
0.20
0.63
0.00

0.10
0.65
0.08
0.25
0.93
0.67
0.48
0.38
0.00
0.58
0.27
0.66
0.07
0.30
0.57
0.63
0.64
0.06
0.85
0.60
0.63
0.48
0.49
0.51
0.25

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.31
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.01
0.42
0.01
0.06
0.86
0.45
0.23
0.14
0.00
0.34
0.07
0.44
0.00
0.09
0.32
0.40
0.41
0.00
0.72
0.36
0.40
0.23
0.24
0.26
0.06

1.1272
1.3924
0.9110
1.3230
1.3390
0.9797
1.8440
0.7391
0.8131
0.8875
0.9433
0.8288
1.1272
0.8718
1.1693
0.7466
0.6057
0.7701
1.3210
0.8875
0.8875
0.7632
0.9854
1.1391
1.5763

341
1.77
4.21
2.32
1.00
2.58
0.24
4.08
4.75
3.58
3.62
3.57
3.47
3.08
2.73
3.93
4.36
4.77
0.93
3.53
3.49
4.01
3.30
2.45
1.95

3.43
1.74
4.23
2.34
0.94
2.60
0.22
4.11
4.76
3.58
3.65
3.57
3.49
3.10
2.70
3.91
4.35
4.78
0.89
3.54
3.46
4.04
3.32
2.45
1.92

-0.02
0.04
-0.02
-0.02
0.06
-0.01
0.02
-0.03
-0.01
0.00
-0.04
0.00
-0.02
-0.02
0.03
0.02
0.01
-0.01
0.03
0.00
0.03
-0.03
-0.02
0.00
0.04

training
training
training
training
training
training
training
training
training
training
training
training
training
training
training
training
training
training
training
training
training
training
training
training
training



1-Bromo-2-methylpropane Exp. D1 0.34 | 0.37 | 0.00 | 0.14 |0.8472] 3.86 | 3.87 | -0.01 | training |
Ethylbutanoate Exp. D1 0.07 | 0.58 { 0.00 | 0.34 [1.0284| 3.12 | 3.13 | 0.00 | training |
Butylbenzene Exp. D1 0.60 | 0.51 | 0.00 | 0.26 |1.2800( 1.98 | 2.01 | -0.03 | training
[Thiophene Exp. D1 0.69 | 0.57 | 0.00 | 0.32 |0.6411| 3.92 | 3.93 | -0.01 | training |
Methylpropanoate Exp. D1 0.13 | 0.60 | 0.00 | 0.36 |0.7466]| 3.95 | 3.97 | -0.02 | training
Bromoethane Exp. D1 1037 | 040 | 0.00 | 0.16 |0.5654| 4.71 | 4.72 | -0.01 | training
3-Methylhexane Exp. D1 0.00 | 0.00 | 0.00 | 0.00 {1.0949| 3.81 | 3.84 | -0.03 | training
3,4-Dimethylheptane Exp. D1 0.00 | 0.00 | 0.00 | 0.00 {1.3767| 2.89 | 2.91 -0.02 | training
lodoethane Exp. D1_1 064 | 040 | 0.00 | 0.16 |0.6486| 4.16 | 4.23 | -0.07 | training |
Methylbutanoate Exp. D1 0.11 | 0.60 | 0.00 | 0.36 |0.8875| 3.51 | 3.52 | -0.02 | training |
2,3-Dimethylpentane Exp. D1 0.00 | 0.00 | 0.00 | 0.00 |1.0949| 3.86 | 3.84 | 0.02 | training |
n-nonylbenzene Exp D2 | 0.58 | 0.48 | 0.00 | 0.23 [1.9850| -0.25 | -0.24 | -0.01 | training
3,3,4-Trimethylhexane Exp. D1 0.00 | 0.00 | 0.00 | 0.00 {1.3767| 2.95 | 2.91 0.04 | training
Propylpropanoate Exp. D1 0.07 | 0.56 | 0.00 | 0.31 {1.0284| 3.14 | 3.16 | -0.02 | training
Diethyleneglycol Abs. D1 048 | 0.90 | 0.65 | 0.80 |0.8483| 0.97 | 0.89 0.09 | training |
Bromobenzene Exp. D1 0.88 | 0.73 | 0.00 | 0.53 |0.8914| 261 | 2.66 | -0.04 | training
Limonene Exp. D1 0.49 | 0.28 | 0.00 | 0.08 |1.3230| 2.27 | 2.32 | -0.05 | training |
2,2-Dichloropropane Abs. D1 0.25 | 0.36 | 0.00 | 0.13 [0.7761]| 4.19 | 4.18 0.01 training
2-Methylpropan-2-ol Exp. D1 0.18 | 0.30 | 0.31 | 0.09 |0.7309{ 3.569 | 3.58 0.02 | training |
o-Xylene Exp. D1 | 066 | 0.56 | 0.00 | 0.31 {0.9982| 2.81 | 2.80 | 0.02 | training |
Ethylacetate Exp. D1 0.11 | 0.62 | 0.00 | 0.38 |0.7466] 3.99 | 3.95 | 0.04 | training |
cis-1,4-dimethylcyclohexane Exp D2 0.20 | 0.11 | 0.00 | 0.01 |1.1272| 3.38 | 3.43 | -0.05 | training |
2,5-Dimethylheptane Exp. D1 0.00 | 0.00 | 0.00 | 0.00 |1.3767] 2.95 | 2.91 0.04 | training |
Pyridine Exp. D1 0.63 | 0.84 | 0.00 | 0.71 |10.67563| 3.32 | 3.34 | -0.03 | training |
Hex-1-ene Exp. D1 | 0.08 | 0.08 | 0.00 | 0.01 |0.9110| 430 | 428 | 0.02 | training |
Propylbutanoate Exp. D1 0.05 | 0.56 | 0.00 { 0.31 |1.1693| 2.77 | 2.71 0.06 | training |
Chlorobutane Exp. D1 | 0.21 | 0.40 | 0.00 | 0.16 |0.7946| 4.03 | 4.09 | -0.06 | training |
Tri-n-propylamine Exp. D1 0.07 | 0.14 | 0.00 | 0.02 [1.4765| 2.40 | 2.35 0.05 | training |
2-Chlorobutane Exp. D1 0.19 | 0.35 | 0.00 | 0.12 |{0.7946| 4.21 | 419 | 0.02 | training |




3,5-Dimethylheptane Exp. D1 0.00 | 0.00 | 0.00 | 0.00 {1.3767] 2.96 | 2.91 0.05 | training
Pentan-3-ol | Exp. D1 0.22 | 0.36 | 0.33 | 0.13 |0.8718] 2.88 | 2.93 | -0.05 | training
3,4-dimethylhexane Exp D2 | 0.00 | 0.00 | 0.00 | 0.00 [1.2358| 3.33 | 3.37 | -0.04 | training |
Ethyleneoxide Exp. D1 0.25 | 0.59 | 0.00 | 0.35 |0.3405| 5.16 | 5.23 | -0.07 | training
1-undecene Exp D2 | 0.09 | 0.08 | 0.00 | 0.01 [1.6155] 2.01 | 1.95 | 0.06 | training |
n-heptylbenzene Exp D2 | 0.58 | 0.48 | 0.00 | 0.23 [1.7030| 0.74 | 0.88 | 0.06 | training |
2-lodopropane Exp. D1 062 | 0.35 ] 0.00 | 0.12 [0.7895| 3.87 | 3.87 0.00 | training
Hexan-2-one Exp. D1 0.14 | 0.68 | 0.00 | 0.46 [0.9697| 3.06 | 3.08 | -0.02 | training
trans-2-hexene Exp D2_ | 0.08 | 0.08 | 0.00 | 0.01 |0.9110} 4.31 | 428 | 0.03 | training |
Indene(liq) Exp. D1 1.00 | 0.77 | 0.00 | 0.59 |0.9875| 2.21 | 217 | 0.04 | training |
trans-3-heptene Exp D2 | 012 ] 0.08 { 0.00 | 0,01 |1.0519]| 3.82 | 3.78 | 0.04 | training
Tetramethylurea Abs. D1 0.26 | 0.98 | 0.00 | 0.95 |1.0284]| 2.20 | 2.18 0.02 | training
Citronellal Exp. D1 0.29 | 0.65 | 0.00 | 0.42 [1.4903| 1.39 | 1.31 0.08 | training
Mesityloxide Exp. D1 0.41 | 0.66 | 0.00 | 0.44 (0.9267| 3.10 | 3.04 | 0.06 | training
-Xylene Exp. D1 0.61 | 0.52 | 0.00 | 0.27 [0.9982] 2.94 | 2,90 0.03 training_1
Diethylsulfide Exp. D1 0.37 { 0.38 | 0.00 | 0.14 [0.8357]| 3.78 | 3.86 | -0.08 | training
N-Methylpyrrolidinone Exp. D1 049 | 1.50 | 0.00 | 2.25 (0.8200] 1.64 | 1.39 0.25 | training |
3,3-Dimethylheptane Exp. D1 0.00 | 0.00 | 0.00 | 0.00 [1.3767] 2.97 | 2.91 0.06 | training |
Methylpentanoate Exp. D1 0.11 | 0.60 | 0.00 | 0.36 |1.0284| 3.02 | 3.06 | -0.04 | training |
cis-1,2-dimethylcyclohexane Exp D2 | 0.28 | 0.10 | 0.00 | 0.01 {1.1272] 3.31 | 3.38 | -0.07 | training |
2,2,3,3-Tetramethylpentane Exp. D1 0.00 | 0.00 | 0.00 | 0.00 |1.3767] 2.97 | 2.91 0.06 | training
Propanal Exp. D1 0.20 | 0.65 | 0.00 | 0.42 {0.5470]| 4.54 | 4.48 0.05 | training
Butanethiol Abs. D1 0.45 | 0.40 | 0.00 | 0.16 |0.8357| 3.67 | 3.76 | -0.09 | training |
alpha-terpinene Exp D2 0.53 | 0.25 | 0.00 | 0.06 {1.3230| 2.38 | 2.34 0.04 | training |
3,3-Diethylpentane Exp. D1 0.00 | 0.00 | 0.00 | 0,00 |1.3767| 2.86 | 2.91 | -0.05 | training |
Propylhexanoate Abs. D1 0.06 | 0.57 | 0.00 | 0.32 |1.4511| 1.73 | 1.76 | -0.03 | training
Bromopropane Exp. D1 0.37 | 0.40 | 0.00 | 0.16 |0.7063| 4.17 | 4.26 | -0.09 | training
Propylisobutanoate Exp. D1 0.02 | 0.53 | 0.00 | 0.28 |1.1693| 2.87 | 2.79 0.08 | training |
2-methylheptane Exp D2 | 0.00 | 0.00 | 0.00 | 0.00 {1.2358| 3.31 | 3.37 | -0.06 | training |




2 5-Dimethyltetrahydrofuran Exp. D1 0.20 | 0.38 | 0.00 | 0.14 [0.9041) 3.82 | 3.77 | 0.05 | training |
isec-butylchloride Exp D2 | 021 | 040 | 0.00 | 0.16 |0.7946| 4.14 | 409 | 0.05 | training |
octafluoropropane Exp D2 |-0.32| 049 | 0.06 | 0.24 |0.2849| 5.92 | 5.86 | 0.06 | training
2-Methylnaphthalene(liq) Exp. D1 1.30 | 0.92 | 0.00 | 0.85 {1.2263]| 0.78 | 0.83 | -0.05 | training |
cis-Pent-2-ene Exp. D1_| 014 | 0.08 | 0.00 | 0.01 |0.7701]| 4.74 | 469 | 0.04 | training
2,3,4-Trimethylpentane Exp. D1 0.00 | 0.00 | 0.00 | 0.00 [1.2358] 3.44 | 3.37 | 0.07 | training |
trans-1,3-dimethylcyclohexane Exp D2 0.19 | 0.10 | 0.00 | 0.01 [1.1272]| 3.37 | 3.45 | -0.08 | training |
gamma-terpinene Exp D2 | 0.50 | 0.32 | 0.00 | 0.10 |1.3230| 2.17 | 2.26 | -0.09 | training |
1,1,1,2,3,3,3-heptafluoropropane Exp D2 | -0.41|0.34 | 0.06 | 0.12 |0.4612| 5.66 | 5.59 0.07 | training |
1,1,1-Trichloroethane Exp. D1 0.37 1 041 | 0.00 | 0.17 [0.7576| 4.12 | 4.07 | 0.05 | training |
Methylethylether Exp. D1 0.02 | 0.25 | 0.00 | 0.06 [0.5900| 5.19 | 5.15 | 0.05 | training
n-pentylbenzene Exp D2 [ 059 | 0.51 | 0.00 | 0.26 [1.4209| 1.62 | 1.55 | 0.07 | training |
Dibutylether Exp. D1 0.00 | 0.25 | 0.00 | 0.06 {1.2945| 2.78 | 2.85 | -0.07 | training |
lodomethane Exp. D1 0.68 | 043 | 0.00 | 0.18 [0.5077| 4.65 | 4.62 | 0.03 | training |
N-Methylpropanamide Exp. D1 0.38 | 1.30 | 0.40 | 1.69 {0.7877| 1.17 | 0.94 0.22 | training |
3-Methylbutan-2-ol Exp. D1 /019|033 | 0.33 | 0.11 |0.8718] 2.91 | 3.00 | -0.09 | training
Pentylbenzene Exp. D1 0.59 | 0.51 | 0.00 | 0.26 |1.4209| 1.47 | 1.65 | -0.08 | training |
Benzylacetate Exp. D1 0.80 | 1.06 | 0.00 | 1.12 [{1.2135| 1.12 | 0.96 | 0.15 | training |
b-Pinene Exp. D1 0.53 | 0.24 | 0.00 | 0.06 [1.2575| 2.46 | 2.57 | -0.11 | training |
-cymene Exp D2 | 0.61 ] 049 | 0.00 | 0.24 {1.2800| 2.11 | 2.03 | 0.08 | training
3-ethylpentane Exp D2 | 0.00 | 0.00 | 0.00 | 0.00 |1.0949| 3.92 | 3.84 | 0.08 | training
1-dodecene Exp D2 [ 0.09 | 0.08 | 0.00 | 0.01 {1.7564| 1.42 | 1.49 | -0.07 | training
b-Methylstyrene(cis) Abs, D1 0.80 | 0.66 | 0.00 | 0.43 |1.0961] 2.26 | 2.18 | 0.08 | training
Oct-1-ene Exp. D1 1 0.09 | 0.08 | 0.00 | 0.01 {1.1928] 3.24 | 3.34 | -0.10 | training |
2,4-Dimethylheptane Exp. D1 0.00 | 0.00 | 0.00 | 0.00 |1.3767| 3.01 | 2.91 0.10 | training
Decylacetate Exp. D1 0.03 | 0.60 | 0.00 | 0.36 |1.8738| 0.30 | 0.34 | -0.04 | training
Octylacetate Exp. D1 0.03 | 0.60 | 0.00 | 0.36 |1.5920| 1.22 | 1.27 | -0.05 | training
Methyltert-pentylether Exp. D1 0.06 | 0.19 | 0.00 | 0.04 |1.0127] 3.90 | 3.81 0.09 | training
3-Ethylheptane Exp. D1 0.00 | 0.00 | 0.00 | 0.00 |1.3767| 2.82 | 2.91 | -0.09 | trainin




Heptan-2-one Exp. D1 0.12 | 0.68 | 0.00 | 0.46 {1.1106] 2.56 | 2.63 | -0.07 | training
-Chloro-1,3-butadiene Abs. D1 0.43 | 0.33 | 0.00 | 0.11 |0.7086| 4.36 | 4.30 | 0.06 | training
4-Methylstyrene Exp. D1 0.87 | 0.65 | 0.00 | 0.42 [1.0961| 2.23 | 2.156 | 0.09 | training |
2-ethyl-1-butene Exp D2 | 0.10 | 0.08 | 0.00 | 0.01 |0.9110| 4.35 | 427 | 0.08 | training |
Methylisobutanoate Exp. D1 0.09 | 0.57 | 0.00 | 0.32 [0.8875| 3.70 | 3.59 0.11__| training |
Acrolein Exp. D1 0.32 | 0.61 | 0.00 | 0.37 |0.5040( 4.47 | 460 | -0.12 | training |
trans-2-Methylcyclohexanol Abs. D1 040 [ 0.50 | 0.34 | 0.25 [1.0450( 1.856 { 1.96 | -0.11 | training
Hept-1-yne Exp. D1 0.16 | 0.23 | 0.09 | 0.05 [1.0089{ 3.52 | 342 | 0.09 | training |
Isopentylformate Exp. D1 0.09 | 0.60 | 0.00 | 0.36 |1.0284| 3.20 | 3.07 0.12 | training
Propylbenzoate Exp. D1 0.68 | 0.80 | 0.00 | 0.64 [1.3544]| 1.08 | 1.16 | -0.08 | training
cis-3-hexene Exp D2 | 014 | 0.08 | 0.00 | 0.01 |0.9110| 4.32 | 423 | 0.09 | training
Phorone Exp. D1 065 | 0.82 | 0.00 | 0.67 [1.3064| 144 | 1.29 | 0.15 | training
Hexanonitrile Abs, D1 0.16 | 0.93 | 0.02 | 0.87 |0.9678] 2.45 | 2.51 | -0.05 | trainin

Carbondisulfide Exp. D1 0.88 [ 0.26 | 0.00 | 0.07 {0.4905| 4.60 | 4.79 | -0.19 | training
2,3-Dimethylbutane Exp. D1 0.00 | 0.00 | 0.00 | 0.00 [0.9540| 4.41 | 4.30 | 0.11 | training |
MeCO2CH2CH20CH2CH20CH2CH3 Abs. D1 0.09 | 1.00 | 0.00 | 1.00 [1.4276| 1.16 | 0.94 | 0.22 | training |
Methylmethacrylate Exp. D1 0.25 | 0.51 | 0.00 | 0.26 |0.8445| 3.59 | 3.72 | -0.13 | training |
1,3-Dichloropropane Exp. D1 | 041|080 | 0.05 | 0.64 [0.7761| 3.27 | 3.12 | 0.14 | training
2,5-Dimethylpyridine Exp. . D1 0.63 { 0.74 | 0.00 | 0.55 |0.9571| 2.50 | 2.62 | -0.12 | training |
@-Pinene Exp. D1 | 0.45 | 0.14 | 0.00 | 0.02 {1.2574| 2.63 | 2.77 | -0.14 | training |
Isopropylhexanoate Abs. D1 0.04 | 0.53 | 0.00 | 0.28 |1.4511| 1.99 | 1.84 | 0.15 | training |
Diethylether Exp. D1 0.04 | 0.25 | 0.00 | 0.06 |0.7309( 4.77 | 467 | 0.10 | trainin

Octanoicacid Exp. D1 0.15 | 0.60 | 0.60 | 0.36 |1.3102| 0.26 | 0.35 | -0.09 | training |
Diphenylmethane(s) Exp. D1 1.22 | 1.04 | 0.00 | 1.08 |1.4651]| 0.04 | -0.15| 0.19 | training |
2-Chloroaniline Exp. D1 1.03 | 0.92 | 0.25 | 0.85 [0.9390] 1.42 | 1.26 | 0.15 | training |
mesitylene Exp D2 | 0.65 ] 0.52 | 0.00 | 0.27 ({1.1391]| 2.53 | 2.41 0.12 | training |
2,2,3-Trimethylhexane Exp. D1 | 0.00 | 0.00 | 0.00 | 0.00 [1.3767| 3.05 | 2.91 | 0.14 | training
Tetrahydrofuran Exp. D1 | 029 | 0.52 | 0.00 | 0.27 |0.6223| 4.24 | 440 | -0.15 | training
Buta-1,2-diene Abs. D1 | 0.26 | 0.19 | 0.00 | 0.03 [0.5862| 5.15 | 5.05 | 0.10 | training |




1,1,2,2-Tetrabromoethane Abs. D1 116 | 0.92 | 0.15 | 0.85 |1.0904| 0.85 | 0.97 | -0.11 | training
2-Methylbutane Exp. D1 0.00 | 0.00 | 0.00 | 0.00 |0.8131| 488 | 4.76 | 0.12 | training
lodobutane Exp. D1 0.63 | 0.40 | 0.00 | 0.16 [0.9304! 3.15 | 3.32 | -0.17 [ training
Furfurylalcohol Exp. D1 [ 055 | 0.73 | 0.50 | 0.53 |0.7359] 1.84 | 1.96 | -0.13 | training |
4-Chlorophenetole Abs. D1 0.80 { 0.85 | 0.00 | 0.72 [1.1793| 1.41 | 1.52 | -0.12 | training
2-Butoxyethanol Exp. D1 | 0.20 | 0.50 | 0.30 | 0.25 {1.0714] 2.01 | 215 | -0.13 | training
Methylheptanoate . Exp. D1 0.08 | 0.60 | 0.00 | 0.36 [1.3102] 2.04 | 2.16 | -0.11 | training |
Dimethylether Exp. D1 0.00 | 0.27 | 0.00 | 0.07 {0.4491| 5.71 | 5.60 | 0.11 | training |
2-Methylstyrene Exp. D1 0.92 | 0.65 | 0.00 | 0.42 [1.0961]| 2.24 | 2.11 0.13 | training
Octan-2-one Exp. D1 0.11 | 0.68 | 0.00 | 0.46 [1.2515| 2.07 | 2.18 | -0.11 | training
trans-2-pentene Exp D2 0.09 | 0.08 | 0.00 | 0.01 {0.7701| 4.85 | 4.73 0.12 | training
Isopentylpropanoate Exp. D1 0.04 | 0.53 | 0.00 | 0.28 [{1.3102| 2.48 | 2.31 0.17 | training
Triadimefon exp D1 1.68 { 1.68 | 0.00 | 2.82 |2.1452| -3.92 | -4.33 | 0.41 trainin

Isobutanal Exp. D1 014 | 0.62 | 0.00 | 0.38 [0.6879| 4.26 | 4.11 0.15 | trainin

2,3-Dimethylpyridine Exp. D1 0.66 | 0.77 | 0.00 | 0.59 |0.9571| 2.40 | 2.54 | -0.14 | training |
Bromobutane Exp. D1 0.36 | 0.40 | 0.00 | 0.16 |0.8472| 3.63 | 3.80 | -0.17 | training
2,3,5-Trimethylhexane Exp. D1 0.00 | 0.00 | 0.00 | 0.00 {1.3767| 3.07 | 2.91 0.16 | training |
cis-2-butene Exp D2 | 0.10 | 0.08 | 0.00 | 0.01 {0.6292} 5.31 | 619 | 0.12 | trainin

cis-1,3-dimethylcyclopentane Exp D2 | 0.17 | 0.10 | 0.00 | 0.01 [0.9863| 4.07 | 3.93 | 0.14 | training |
{3-Methylcyclohexene Exp. D1 0.36 | 0.20 | 0.00 | 0.04 |0.9433| 3.61 | 3.79 | -0.18 | training |
Octanal Exp. D1 0.16 | 0.65 | 0.00 | 0.42 |1.2615| 2.38 | 2.19 | 0.18 | training |
isobutane Exp D2 | 0.00 | 0.00 | 0.00 | 0.00 {0.6722| 5.36 | §.23 | 0.13 | training |
Heptane Exp. D1 0.00 | 0.00 | 0.00 | 0.00 (1.0949| 3.67 | 3.84 | -0.16 | training
Triethylamine Exp. D1 0.10 | 0.15 | 0.00 | 0.02 |1.0538| 3.84 | 3.70 | 0.15 | training |
Methylcyclopentane Exp. D1 0.23 | 0.10 | 0.00 | 0.01 |0.8454| 4.17 | 4.35 | -0.19 | training
Oct-1-yne Exp. D1 0.16 | 0.22 | 0.09 | 0.05 |1.1498| 3.13 | 298 | 0.15 | training |
1,1,1-Trifluoroethane Exp. D1 [-0.43 | 0.18 | 0.11 | 0.03 |0.3026| 6.04 | 6.22 | -0.18 | training |
1,1-dimethylcyclopentane Exp D2 0.21 | 0.10 | 0.00 | 0.01 |0.9863| 4.05 | 3.91 0.14 | trainin

Diethyleneglycol, methylether Abs. D1 0.27 | 0.83 | 0.32 | 0.69 |0.9892| 1.55 | 1.67 | -0.12 | training |




2,3-dimethylhexane Exp D2 | 0.00 |{ 0.00 | 0.00 | 0.00 |1.2358| 3.54 | 3.37 0.17 | training |
Benzylbromide Exp. D1 1.01 | 0.94 | 0.00 | 0.88 {1.0323| 1.85 | 1.66 0.19 | trainin

Non-1-ene Exp. D1 0.09 | 0.08 | 0.00 | 0.01 |1.3337| 2.71 | 2.88 | -0.17 | training
Furfural Exp. D1 069 | 1.20 | 0.00 | 1.44 [0.6929| 2.35 | 243 | -0.08 | training
Butylpropanoate Exp. D1 0.06 | 0.56 | 0.00 [ 0.31 |1.1690| 2.56 | 2.71 | -0.15 | training
2-Ethylbutan-1-ol Exp. D1 0.23 | 0.39 | 0.37 | 0.15 [1.0127] 2.12 | 2.29 | -0.17 | training_
Pentanonitrile Abs. D1 0.16 { 0.93 | 0.02 | 0.87 |0.8269| 2.84 | 2.96 { -0.12 | training
Nonan-2-one Exp. D1 0.12 | 0.68 | 0.00 | 0.46 |1.3924| 156 | 1.70 | -0.14 | training
Hexachloropropene Abs. D1 0.90 { 0.91 [ 0.00 | 0.83 |1.2227| 1.39 | 1.17 0.22 | training
1,1-dichloroethylene Exp D2 0.36 | 0.34 | 0.00 | 0.12 [0.5922| 4.88 | 4.73 0.15 | training |
Allylalcohol Exp. D1 [0.34 ] 046 | 0.38 | 0.21 |0.5470| 3.39 | 3.59 | -0.21 | training |
2-methyl-3-ethylpentane Exp D2 0.00 [ 0.00 | 0.00 | 0.00 |1.2358| 3.56 | 3.37 0.19 | training
Tribromomethane Exp. D1 0.97 | 0.68 | 0.15 | 0.46 [0.7745( 2.79 | 2.63 0.16 | training
2.,4-Dimethylpentane Exp. D1 0.00 | 0.00 | 0.00 | 0.00 {1.0949]| 4.02 | 3.84 0.18 | training |
Pentylamine Exp. D1 0.21 | 0.35 | 0.16 | 0.12 |0.9129| 3.49 | 3.31 0.18 training1
1-Nitro-2-methylpropane Exp. D1 0.21 | 0.92 | 0.00 | 0.85 [0.8464| 2.81 | 2.94 | -0.14 | training
a-Phellandrene Exp. D1 | 0.52 | 024 | 0.00 | 0.06 {1.3230| 2.15 | 2.36 | -0.21 | training |
4-Methylpyridine Exp. D1 0.63 | 0.82 | 0.00 | 0.67 |0.8162] 2.74 | 2.92 | -0.18 | training |
is-2-Methylcyclohexanol Abs. D1 0.40 | 0.50 | 0.34 | 0.25 {1.0450| 2.15 | 1.96 0.20 | training |
a-Methylstyrene Exp. D1 0.85 | 0.64 | 0.00 | 0.41 {1.0961]| 2.36 | 2.18 0.18 | training
2,5-dimethylhexane Exp D2 | 0.00 | 0.00 | 0.00 | 0.00 |1.2358| 3.57 | 3.37 | 0.20 | training
2-methyl-1-pentene Exp D2 0.13 | 0.08 | 0.00 | 0.01 |0.9110]| 4.42 | 4.24 0.18 | training |
Propylisopentanoate Abs. D1 0.04 | 0.53 | 0.00 | 0.28 |1.3102] 2.52 | 2.30 0.22 | training |
2-Methylhexan-2-ol Exp. D1 _]0.18 | 0.33 | 0.33 | 0.11 |1.1536| 2.29 | 2.08 | 0.21 | training |
o-Dichlorobenzene(liq) Exp. D1 0.87 | 0.78 | 0.00 | 0.61 |0.9612{ 2.13 | 2,34 | -0.21 | training |
cyclopentadiene Exp D2 | 0.42 | 0.35 | 0.00 | 0.12 |0.6185| 4.76 | 4.59 | 0.17 | training |
1,1-Dimethoxyethane Abs. D1 0.04 | 0.51 | 0.00 | 0.26 |0.7896] 4.26 | 4.05 0.21 | training |
1,2-Dimethoxyethane exp D1 0.06 | 0.49 | 0.00 | 0.24 |0.7896| 3.86 | 4.08 | -0.22 | training
Dodecylacetate Exp. D1 0.01 | 0.60 | 0.00 | 0.36 |2.1556| -0.72 | -0.57 { -0.15 | training |




Cyclohexene Exp. D1 0.40 | 0.20 | 0.00 | 0.04 [0.8024| 3.97 | 4.23 | -0.25 | training
Diethylphthalate - Exp. D1 0.73 | 140 | 0.00 | 1.96 |1.7106]| -1.48 | -1.45 | -0.03 | trainin

2-Isopropyltoluene Exp. D1 0.67 | 0.53 | 0.00 | 0.28 {1.2800| 2.13 | 1.92 | 0.21 | training
Methyloctanoate Exp. D1 [ 0.07 | 0.60 | 0.00 | 0.36 {1.4511| 1.52 | 1.70 | -0.19 | training |
1,1-difluoroethane Exp D2 0.07 | 0.35 | 0.00 | 0.12 [0.2672| 5.76 | 6.02 | -0.26 | training
2-Chloroethanol Exp. D1 1042 | 0.80 | 0.37 | 0.64 |0.5715]| 2.65 | 2,85 | -0.20 | training
trans-1,3-dimethylcyclopentane Exp D2 0.16 | 0.10 | 0.00 | 0.01 |0.9863| 3.70 | 3.94 | -0.24 | trainin

4-tert-Butyltoluene Exp. D1 062 | 049 | 0.00 | 0.24 {1.4209| 1.79 | 1.56 | 0.22 | training
1-Ethylnaphthalene(liq) Exp. D1 1.37 | 0.88 | 0.00 | 0.77 {1.3672] 0.19 | 040 | -0.22 | training |
Formaldehyde Exp. D1 0.22 | 0.62 | 0.00 | 0.38 |0.2652| 5.65 | 544 | 0.21 | training |
n-Butylamine Exp. D1 0.22 | 0.35 | 0.16 | 0.12 |0.7720] 3.98 | 3.77 | 0.21 | training |
2-Methylpropan-1-ol Exp. D1 0.22 | 0.39 | 0.37 | 0.15 |0.7309| 2.99 | 3.23 | -0.24 | trainin

Dimethylamine Exp. D1 0.19 [ 0.30 | 0.08 | 0.09 [0.4902| 5.23 | 5.03 0.20 | training |
Acenaphthylene(s) Exp. D1 1.75 | 1.14 | 0.00 | 1.30 |1.2156| -0.17 | 0.02 | -0.19 | training
1,1,2-trichloroethane Exp D2 042 | 0.64 | 0.10 | 0.41 |0.6352]| 3.50 | 3.74 | -0.24 | training |
Undecan-6-one Exp. D1 0.08 | 0.66 | 0.00 | 0.44 {1.6740| 0.66 | 0.84 | -0.19 | trainin

Dec-1-ene Exp. D1 0.09 | 0.08 | 0.00 | 0.01 |1.4746| 2.18 | 2.41 | -0.23 | training
Butylisobutylether Abs. D1 0.02 | 0.29 | 0.00 | 0.08 [1.2945{ 3.01 | 2.76 | 0.24 | trainin

Perfluoropentane(1956) Abs. D1 [-0.90|-0.26 | 0.00 | 0.07 |1.0255| 4.85 | 6.04 | -0.19 | training |
Ethylvinylether Exp. D1 | 0.16 | 0.36 | 0.00 | 0.13 |0.6879| 4.77 | 455 | 0.22 | training |
n-butylcyclohexane Exp D2 | 0.26 | 0.10 | 0.00 | 0.01 |1.4090| 2.23 | 2.48 | -0.25 | training |
Chloropicrin Exp. D1 [ 046 | 0.82 | 0.00 | 0.67 |0.7909| 340 | 3.14 | 0.27 | training |
Furan Exp. D1 | 0.37 | 0.53 | 0.00 | 0.28 |0.5363| 4.82 | 460 | 0.22 | training |
Ethylcyclopentane Exp. D1 0.23. | 0.10 | 0.00 { 0.01 |0.9863| 3.62 | 3.89 | -0.27 | training |
2,2-Dimethylbutane Exp. D1 0.00 | 0.00 | 0.00 | 0.00 [0.9540]{ 4.54 | 4.30 0.24 | training
2,3-Dimethylbutan-2-ol Exp. D1 0.21 | 0.27 | 0.31 | 0.07 |1.0127] 2.92 | 2.67 | 0.25 | training |
Di-isopropylether Exp. D1 |-0.06} 0.16 | 0.00 | 0.03 |1.0127| 4.20 | 3.95 0.25 | training |
2 6-dimethylheptan-4-one Exp. D1 0.05 | 0.60 | 0.00 | 0.36 ({1.3924| 2.20 | 1.91 0.30 | training |
n-butylchloride Exp D2 | 0.37 | 063 | 0.00 | 0.40 [0.7761) 3.89 | 3.63 | 0.26 | training




Methacrylonitrile Abs. D1 0.29 | 0.65 | 0.00 | 0.42 |0.6430| 3.81 | 4.08 | -0.27 | training |
4-methyl-1-pentene Exp D2 0.09 | 0.08 | 0.00 | 0.01 |0.9110| 4.52 | 4.27 0.25 | training
n-butylcyclopentane Exp D2 0.22 | 0.10 | 0.00 | 0.01 [1.2681| 2.69 | 2.97 | -0.28 | training |
Ethylbenzoate Exp. D1 0.69 | 0.85 | 0.00 | 0.72 |1.2135| 1.27 | 1.51 | -0.24 | training |
2-Methoxyethylacetate Exp. D1 0.17 | 0.79 | 0.00 | 0.62 |0.9462| 2.69 | 2.92 | -0.23 | training |
Methylacetoacetate Abs. D1 ]0.20 | 1.07 | 0.00 | 1.14 |0.9032| 2.25 | 243 | -0.18 | training |
Ethylcyclohexane Exp. D1 0.26 | 0.10 | 0.00 | 0.01 {1.1272] 3.11 | 3.40 | -0.29 | training |
Geranial Exp. D1 | 0.61 ) 0.78 | 0.00 | 0.61 [1.4473| 0.71 | 0.94 | -0.24 | training |
2-Methylpropene Exp. D1 0.12 | 0.08 | 0.00 | 0.01 {0.6292| 5.41 | 5.17 0.24 | trainin

Tetralin Exp. D1 0.89 | 0.65 | 0.00 | 0.42 [1.1714| 1.59 | 1.88 | -0.29 traininL
Isopropylcyclohexane Exp. D1 0.28 | 0.07 | 0.00 | 0.00 [1.2681| 2.66 | 2.96 | -0.29 | training |
1-Methylcyclohexene Exp. D1 0.39 | 0.18 | 0.00 | 0.03 {0.9433]| 3.48 | 3.79 | -0.31 | training
trans-1,2-Dichloroethene Exp. D1 043 | 0.41 | 0.09 | 0.17 {0.5922]| 4.56 | 4.31 0.25 | training
Ethylacetoacetate Exp. D1 021 | 0.83 | 0.03 | 0.69 [{1.0441| 2.16 | 2.40 | -0.24 | training
cycloheptane Exp D2 | 035 0.10 | 0.00 | 0.01 |0.9863| 3.48 | 3.79 | -0.31 | training
Diethylamine Exp. D1 0.15 ] 0.30 | 0,08 | 0.09 [0.7720]| 4.40 | 4.13 0.26 | trainin

4-methyl-trans-2-pentene Exp D2 0.16 | 0.08 | 0.00 | 0.01 {0.9110] 4.48 | 4.21 0.27 | training |
2,4-dimethylpentane Exp D2 | 0.00 | 0.00 [ 0.00 | 0.00 {1.0949] 4.12 | 3.84 0.28 | training |
Prop-2-yne-1-ol Exp. D1 0.41 | 0.57 | 0.38 | 0.32 10.5040| 3.19 | 3.49 | -0.30 | training |
cis-3-Methylcyclohexanol Abs. D1 0.40 | 0.50 | 0.34 | 0.25 |1.0450| 1.67 | 1.96 | -0.29 | training |
Hexafluoroethane Exp. D1 -0.61 | -0.43 | 0.00 | 0.18 |0.4966| 6.45 | 6.71 -0.26 | training |
tert-Butylbenzene Exp. D1 0.62 | 0.49 | 0.00 | 0.24 {1.2800] 2.31 | 2.03 0.28 | training
Ethanol Exp. D1 0.25 | 0.42 | 0.37 | 0.18 |0.4491| 3.77 | 4.09 | -0.32 | training
Crotylalcohol Exp. D1 0.35 | 0.44 | 0.38 | 0.19 |0.6879| 2.84 | 3.16 | -0.31 | training |
5-Ethylidene-2-norbornene(cis) Exp. D1 0.59 | 0.27 | 0.00 | 0.07 |1,0735] 2,75 | 3.08 | -0.33 | training
a-Terpineol(s) Exp. D1 0.55 | 0.49 | 0.28 | 0.24 |1.4247| 0.49 | 0.78 | -0.29 | training |
Proprionitrile Exp. D1 0.16 | 0.90 | 0.02 | 0.81 |0.5450| 3.69 | 3.96 | -0.26 | training |
2,2,5-Trimethylhexane Exp. D1 0.00 | 0.00 | 0.00 | 0.00 |1.3767| 3.22 | 2.91 0.31 | training |
Heptylbenzene Exp. D1 0.58 | 0.48 | 0.00 | 0.23 |1.7030| 0.38 | 0.68 | -0.30 | training |




ethyliodide Exp D2 | 068 | 043 | 0.00 | 0.18 [0.5077| 4.26 | 462 | -0.36 | training
Cyclohexylbenzene(liq) Exp. D1 0.87 | 0.65 | 0.00 | 0.42 [1.4530| 0.66 | 0.97 | -0.31 | training
Hex-1-yne Exp. D1 0.17 | 0.22 | 0.10 | 0.05 [0.8680| 4.16 | 3.87 | 0.29 | training
Pentanoicacid Exp. D1 | 021|060 | 0.60 | 0.36 [0.8875| 1.40 | 1.69 | -0.29 | training |
Cyclohexanone Exp. D1 |1040 | 0.86 | 0.00 | 0.74 10.8611] 2.59 | 2.87 | -0.28 | training
3,5-Dimethylpyridine Exp. D1 0.66 | 0.79 | 0.00 | 0.62 [0.9571] 2.19 | 2.50 | -0.30 | training |
1,1-Dichloroethane Exp. D1 0.32 | 049 | 0.10 | 0.24 {0.6352| 4.39 [ 4.09 | 0.30 | trainin
Pentafluorodimethylether Abs. D1 |-045| 0.19 | 0.07 | 0.04 |0.5376| 5.88 | 5.56 0.32 | training
Propylcyclohexane Exp. D1 0.26 | 0.10 | 0.00 | 0.01 |1.2681| 2.60 [ 2.94 | -0.34 | training
Propan-1-ol Exp. D1 024 | 042 | 0.37 | 0.18 |0.5900| 3.29 | 3.63 | -0.34 | training
-Nitrobutane Abs. D1 0.27 | 0.71 | 0.04 | 0.51 [0.8464| 2.89 | 3.20 | -0.31 | training
2-Methylbutan-1-ol Exp. D1 0.22 | 0.39 | 0.37 | 0.15 |0.8718| 2.43 | 2.77 | -0.33 | training
3-methyl-1-pentene Exp D2 | 0.13 | 0.08 | 0.00 | 0.01 [0.9110]| 4.55 | 4.24 0.31 | training |
n-propylcyclopentane Exp D2 (023 0.10 | 0.00 | 0.01 |1.1272] 3.08 | 3.43 | -0.35 | training
Ethyllactate Abs. D1 024 | 061 | 0.19 | 0.38 |0.9462| 2.33 | 2.66 | -0.32 | training |
2,2,4-Trimethylpentane Exp. D1 0.00 | 0.00 | 0.00 | 0.00 |1.2358| 3.71 | 3.37 0.34 | training |
Dichloromethane Exp. D1 0.39 | 0.57 | 0.10 | 0.32 |0.4943| 467 | 4.36 | 0.32 | trainin
Isobutylisocyanate Abs. D1 0.26 | 0.35 | 0.00 | 0.12 |0.8856| 3.46 | 3.82 | -0.36 | trainin
1,1,2-Trifluorotrichloroethane Abs. D1 0.17 | 0.28 | 0.00 | 0.08 [0.8107| 4.56 | 4.25 0.32 | training
Camphor(solid) Exp. D1 0.45 | 0.85 | 0.00 | 0.72 {1.3161| 1.74 | 1.36 | 0.39 | training |
tert-Butylformate Exp. D1 0.06 | 0.57 | 0.00 | 0.32 [0.8875| 3.96 | 3.61 0.35 | training |
Cyclopentanone Exp. D1 | 0.37 | 0.86 | 0.00 | 0.74 [0.7202| 3.04 | 3.36 | -0.32 | trainin
2-Ethylhexan-1-ol Exp. D1 ] 021 ]0.39 | 0.37 | 0.16 |1.2950| 1.05 | 1.38 | -0.33 | training |
Ammonia Exp. D1 | 0.14 { 0.39 | 0.16 | 0.15 |0.2084| 5.94 | 5.62 | 0.31_ | training
cis-2-hexene Exp D2 0.16 | 0.09 | 0.00 | 0.01 |0.7701] 4.29 | 467 | -0.38 | training |
1,3-Diisopropylbenzene Exp. D1 063 | 049 | 0.00 | 0.24 {1.5618| 1.45 | 1.09 0.36 | trainin
isobutene Exp D2 | 0.14 | 0.08 | 0.00 | 0.01 |0.6292| 5.48 | 6.16 | 0.32 | training |
Ethylenediamine Abs. D1 043 | 048 | 0.35 | 0.23 {0.5900{ 3.06 | 3.44 | -0.38 | training
Isobutylamine Exp. D1 0.20 | 0.32 | 0.16 | 0.10 {0.7720] 4.18 | 3.84 0.34 | training




Nitrobutane Exp. D1 0.23 | 0.95 | 0.00 | 0.90 [0.8464| 2.56 | 2.86 | -0.30 | training
Isopropylisobutanoate Exp. D1 |-0.02 | 0.53 | 0.00 | 0.28 |1.1693] 3.20 | 2.82 0.38 | training
1,2,4-Trichlorobenzene(liq) Exp. D1 0.98 | 0.81 | 0.00 | 0.66 [1.0836] 1.43 | 1.79 | -0.36 | training
Methylamine Exp. D1 025 | 0.35 | 0.16 | 0.12 [0.3493| 5.47 | 5.14 | 0.33 | trainin

2,2-Dimethylpropanal Exp. D1 0.15 | 0.59 | 0.00 | 0.35 [0.8290| 4.08 | 3.70 0.38 | training |
1-Methylcyclohexanol Exp. D1 1042 | 0.48 | 0.32 | 0.23 |1.0450{ 1.66 | 2.04 | -0.37 | trainin

Di-sec-butylether Abs, D1 0.00 | 0.25 | 0.00 | 0.06 |1.2945| 3.21 | 2.83 | 0.38 | training
Decane Exp. D1 0.00 { 0.00 | 0.00 | 0.00 {1.5176| 2.08 | 2.45 | -0.36 | training
Diethylcarbonate Exp. D1 0.06 | 0.56 | 0.00 | 0.31 [0.9462| 3.06 | 3.44 | -0.38 trainirlgﬁ
Water Exp. D1 0.00 | 0.45 | 0.82 | 0.20 10.1673| 344 | 3.84 | -0.40 | training
bromotrichloromethane Exp D2 0.63 | 0.40 | 0.00 | 0.16 [0.9304| 3.68 | 3.32 0.36 | training
Methylisocyanate Abs. D1 0.28 | 0.40 | 0.00 | 0.16 |0.4629! 4.69 | 5.13 | -0.44 | training
Butyltert-butylether Abs. D1 0.02 [ 0.28 | 0.00 | 0.08 {1.2945| 3.18 | 2.77 | 0.41 | training
trans-Decalin Exp. D1 0.47 | 0.23 | 0.00 | 0.05 {1.3004| 2.07 | 249 | -0.42 | training
Pentanal Exp. D1 0.16 | 0.65 | 0.00 | 0.42 (0.,8288| 3.18 | 3.58 | -0.40 | training
Ethylamine Exp. D1 024 | 0.35 | 0.16 | 0.12 |0.4902| 5.06 | 4.69 | 0.38 | training
Isopentylisobutanoate Abs. D1 0.04 | 0.53 | 0.00 | 0.28 [1.4511] 2.28 | 1.84 0.44 | training
Trichloromethane Exp. D1 | 043 | 049 | 0.15 | 0.24 |0.6167| 4.32 | 3.92 | 0.40 | training
Benzylcyanide Exp. D1 0.75 | 1.15 | 0.00 | 1.32 |1.0120| 1.11 | 1.45 | -0.34 | training
d-Fenchone(liq) Abs. D1 0.56 | 0.77 | 0.00 | 0.60 {1.3161| 1.88 | 1.42 0.46 | training |
Cyclohexanol Exp. D1 0.46 | 0.54 | 0.32 | 0.29 {0.9040| 1.93 | 2.36 | -0.43 | training
Dipentylphthalate Exp. D1 0.69 | 1.40 | 0.00 | 1.96 [2.5560] -3.54 | -4.21 | 0.66 | training
2-Bromo-4-isopropyitoluene Abs. D1 0.98 { 0.70 | 0.00 | 0.48 {1.4550] 1.22 | 0.78 0.44 | training
2,4 4-trimethyl-1,1-pentene Exp D2 | 0.09 | 0.08 | 0.00 | 0.01 |1.1928| 3.78 | 3.34 | 0.44 | training |
Isopropylt-butylether Exp. D1 0.00 | 0.16 | 0.00 | 0.03 [1.1540] 3.88 | 3.43 0.44 | training
Isopentylisopentanoate Abs. D1 0.03 | 049 | 0.00 | 0.24 |{1.5920| 1.94 | 1.46 0.48 | training
Diiodomethane Exp. D1 1.45 | 0.69 | 0.05 | 0.48 [0.7660| 2.05 | 2.55 | -0.50 | training
Tetrahydrothiophene Exp. D1 0.62 | 0.54 | 0.00 | 0.29 |0.7270| 3.27 | 3.76 | -0.48 | training
0-cymene Exp D2 | 0.67 | 0.53 | 0.00 | 0.28 {1.2800| 2.37 | 1.92 | 0.45 | trainin




TNT Exp. D1 1.43 | 2.23 | 0.00 | 4.97 |1.3799( -3.44 | -3.45 | 0.01 | training
Dimethylcarbonate Exp. D1 0.14 | 0.61 | 0.00 | 0.37 [0.6644| 3.74 | 4.21 | -0.47 | training
Buta-1,3-diene Exp. D1 0.32 | 0.23 | 0.00 | 0.05 {0.5862| 5.38 | 495 | 0.43 | training
1,3-Propanediol Exp. D1 040|091 ) 0.77 | 0.83 |0.6487| 0.80 | 1.22 | -0.42 | training |
crylonitrile Exp. D1 0.30 | 0.54 | 0.07 | 0.29 |0.5020| 4.05 | 4.55 | -0.49 | training
2-Methoxyethanol Exp. D1 | 027 | 0.50 | 0.30 | 0.25 [0.6487| 2.99 | 3.48 | -0.49 | training |
Nitromethane Exp. D1 | 031095 | 0.06 | 0.90 [0.4237] 3.56 | 4.01 | -045 | training
-Dichlorobenzene(s) Exp. D1 0.83 | 0.76 | 0.00 | 0.56 [0.9612] 1.93 | 2.43 | -0.50 | training
cis-1,2-Dichloroethene Exp. D1_| 044 | 061 | 0.11 | 0.37 10.5922] 4.38 | 3.90 | 048 | trainin

Pentan-1-ol Exp. D1 022 | 042 | 0.37 | 0.18 |0.8718| 2.21 | 2.72 | -0.51 | training |
neopentane Exp D2 | 0.00 [ 0.00 | 0.00 | 0.00 |0.8131] 5.26 | 4.76 | 0.50 | training
cis-Decalin Exp. D1 0.54 | 0.25 | 0.00 | 0.06 [1.3004| 1.86 | 2.40 | -0.54 | training
Isopropylamine Exp. D1 0.18 | 0.32 | 0.16 | 0.10 [0.6311] 4.80 | 4.31 0.49 | training |
Di-tert-butylether Exp. D1 0.00 |{ 0.13 | 0.00 | 0.02 [1.2945| 3.54 | 3.01 0.53 | training |
2-bromobutane Exp D2 0.33 ] 0.35 | 0.00 | 0.12 [0.7063) 3.81 | 4.37 | -0.56 trainingﬂ
1-Bromonaphthalene Exp. D1 160 | 1.13 | 0.00 | 1.28 [1.2604| 0.60 | 0.02 0.58 | training |
Quinoline Exp. D1 1.27 | 0.97 | 0.00 | 0.94 [1.0443| 0.84 | 1.35 | -0.51 | training |
1,8-Cineole Exp. D1 0.38 | 0.50 | 0.00 | 0.25 |1.4250| 2.26 | 1.72 0.55 | training |
Perfluropropane(1963) Exp. D1 |-0.901-0.45| 0.00 | 0.20 |0.6729| 5.89 | 6.37 | -0.48 | training
Dodecane Exp. D1 | 0.00 | 0.00 | 0.00 | 0.00 |1.7994| 1.00 | 1.52 | -0.52 | training |
Ethylphenylether Exp. D1 0.71 ) 0.75 | 0.00 | 0.56 [0.9160| 2.11 | 2.67 | -0.66 | training
1,2-Propanediol Exp. D1 0.37 | 0.90 | 0.58 | 0.81 |0.6487| 1.30 | 1.81 | -0.51 | trainin

Isophorone EXp._ D1 [ 0.51 ] 1.12 | 0.00 | 1.25 {1.2408| 1.62 | 0.96 | 0.66 | training
1,4-Diisopropylbenzene Exp. D1 0.62 | 0.49 | 0.00 [ 0.24 [1.5618]| 1.67 | 1.10 0.57 | training
Halothane Exp. D1 0.10 | 0.38 | 0.15 | 0.14 |0.7410| 4.51 | 3.95 | 0.56 | training
2-Ethylhexylacetate Exp. D1 0.03 | 0.57 | 0.00 | 0.32 [1.5920| 1.94 | 1.32 0.62 | training
Octan-1-ol Exp.. D1 0.20 | 042 | 0.37 | 0.18 |1.2950| 0.78 | 1.34 | -0.57 | training
1-octene Exp D2 ] 0.13 ] 0.08 | 0.00 | 0.01 |1.0519| 3.18 | 3.78 | -0.60 | trainin

3-Bromo-4-isopropyltoluene Abs. D1 0.98 | 0.70 | 0.00 | 0.48 |1.4550]| 1.37 | 0.78 0.59 | trainin




HMPA Abs. D1 047 | 1.22 | 0.00 | 1.49 [1.4580/ 0.76 | 0.03 0.73 | training |
methylfluoride Exp D2 | 0.07 | 0.35 | 0.00 | 0.12 |{0.2672| 6.59 | 6.02 0.57 | training |
g-Butyrolactone ~Exp. D1 0.37 | 1.50 | 0.00 | 2.25 [0.6380| 1.67 | 2.09 | -0.42 | training
Cycloheptanol Exp. D1 0.51 | 0.54 | 0.32 | 0.29 [1.0450| 1.25 | 1.86 | -0.61 | training |
Hexadecane Exp. D1 0.00 | 0.00 | 0.00 | 0.00 [2.3630| -0.90 | -0.33 | -0.57 | training
Methylisopropylether ~_Exp. D1 0.05 | 0.25 | 0.00 | 0.06 [0.8718| 4.83 | 4.20 0.63 | training |
Tridecane Exp. D1 0.00 | 0.00 | 0.00 | 0.00 {1.9403]| 0.43 | 1.06 | -0.63 | training
tert-Butylamine Exp. D1 0.12 | 0.29 | 0.16 | 0.08 |0.7720| 4.60 | 3.94 0.66 | training
Bicyclohexyl Abs. D1 1.30 | 0.99 | 0.00 | 0.98 {1.3242| 1.07 | 0.35 | 0.72 | trainin

2-methyl-1-butene Exp D2 1013 ] 0.08 | 0.00 | 0.01 {0.7701] 5.38 | 4.71 0.67 | training |
1,3,5-triethylbenzene Exp D2 | 0.67 | 0.50 | 0.00 | 0.25 |1.5618| 1.76 | 1.04 | 0.72 | training |
1,2,3-Trichlorobenzene(s) Exp. D1 1.03 | 0.86 | 0.00 | 0.74 {1.0836| 0.93 | 1.65 | -0.72 | training
1-bromobutane Exp D2 | 037 | 0.40 | 0.00 | 0.16 [0.7063| 3.47 | 4.26 | -0.79 | training
Tetradecane Exp. D1 0.00 | 0.00 [ 0.00 | 0.00 {2.0812| -0.14 | 0.59 | -0.73 | training |
3-chloropropene Exp D2 1052 | 0.37 | 0.08 | 0.14 {0.7148| 4.66 | 3.92 0.74 | trainin

Linalool . Exp. D1 040 | 047 | 0.28 | 0.22 {1.4903| 1.54 | 0.72 0.82 | training
2-Methylpropanamide Exp. D1 0.38 | 1.30 | 0.40 | 1.69 [0.7877| 1.90 | 0.94 0.96 | training
Isopulegol(liq) Abs. D1 0.54 | 047 | 0.34 | 0.22 11.4247| 1.50 | 0.67 0.83 | training |
Isopentyl2-chloroethylsulfide Abs. D1 0.46 | 0.45 | 0.02 | 0.20 |1.3808| 1.01 | 1.84 | -0.83 | training |
methyliodide Exp D2 | 034 | 0.35 ] 0.00 | 0.12 |0.8472| 4.73 | 3.89 0.84 | training |
e-Caprolactam(liq) Exp. D1 061 | 1.55 | 0.30 | 2.40 |0.9609| 0.91 | -0.18 | 1.09 | training |
Formicacid Exp. D1 030 |0.79 | 0.72 | 0.62 |0.3239| 3.65 | 2.76 | 0.89 | training |
Acenaphthene(s) Exp. D1 | 160 | 1.05 | 0.00 | 1.10 |1.2586| -0.66 | 0.20 | -0.86 | training
1,2,3,4-Tetrachlorobenzene(liq,mp46) Exp. D1 1,18 | 0.92 | 0.00 | 0.85 (1.2060( 0.08 | 1.00 | -0.92 | training |
t-1-Isopropyl-4-methylcyclohexane Exp. D1 0.24 { 0.10 | 0.00 | 0.01 |1.1272| 2.45 | 3.42 | -0.96 | training |
Formamide Exp. D1 0.47 | 1.30 | 0.62 | 1.69 |0.3650| 0.77 | 1.62 | -0.85 | training |
Heptadecane Exp. D1 | 0.00 | 0.00 | 0.00 | 0.00 [2.5039] -1.73 | -0.80 | -0.93 | training |
o-Terphenyl(s) Exp. D1 2.00 | 1.18 | 0.00 | 1.39 |1.9320| -1.56 | -2.63 | 1.07 | training
chloropentafluoroethane Exp D2 | 0.10 | 0.38 | 0.15 | 0.14 [0.7410] 4.99 | 3.95 | ~1.04 | training |




- 3-Chlorophenol

Exp. D1 091|106 | 089 | 1.12 [0.8975| 1.08 | -0.10 | 1.18 | training |
2,4,6-Trimethylpyridine Exp. D1 0.63 | 0.69 | 0.00 | 0.48 [1.0980| 1.14 | 2.25 | -1.11 | training |
Pentachlorobenzene(s) Exp. D1 1.33 1 0.96 | 0.00 | 0.92 {1.3284| -0.71 | 0.39 | -1.10 | trainin
Triphenylmethane(liq) Exp. D1 1.80 | 1.70 | 0.00 | 2,89 {2.0729| -2.85 | -4.32 | 1.47 | training
Thymol(liq) Exp. D1 0.82 | 0.79 | 0.52 | 0.62 [1.3387| 1.01 | -041| 1.41 | training
Ethyleneglycol Exp. D1 0.40 | 0.90 | 0.58 | 0.81 [0.5078| 0.90 | 2,25 | -1.35 test
1,1,1,2-tetrachloroethane Exp D2 | 0.01{0.13 | 0.00 | 0.02 |0.8107| 3.20 | 460 | -1.40 test
Bis(2-chloroethyl)sulfide Abs. D1 060 | 066 | 0.03 | 0.44 (1.0805| 0.97 [ 2.29 | -1.32 test
Borneol(solid) Exp. D1 0.51 | 0.31 | 0.29 | 0.10 {1.3591]| -0.03 | 1.29 | -1.33 test
Octadecane Exp. D1 | 0.00 | 0.00 | 0.00 | 0.00 |2.6448| -2.47 | -1.26 | -1.21 test
Diphenylamine(s) Exp. D1 1.59 | 0.88 | 0.10 | 0.77 [1.4240| -1.50 [ -0.24 | -1.26 test
Ethylcyanoacetate Abs. D1 021 | 1.39 | 0.02 | 1.93 {0.9013| 0.563 | 1.60 | -1.07 test
Fluorene(s) Exp. D1 1.59 | 1.06 | 0.00 | 1.12 {1.3565| -1.30 | -0.13 | -1.17 test
Methylcyanoacetate Abs. D1 021 { 1.39 | 0.02 | 1.93 [0.7604| 1.03 | 2.06 | -1.03 test
Dimethylmaleate Abs. D1 025 | 0.77 | 0.00 | 0.59 [1.0598| 1.45 | 251 | -1.06 test
1-Chloro-4-nitrobenzene(s) Exp. D1 0.98 | 1.18 | 0.00 | 1.39 [1.0130| 0.24 | 1.20 | -0.96 test
3-Nitroaniline(solid) Exp. D1 120 | 1.71 | 0.40 | 2.92 [0.9904| -2.26 | -1.49 | -0.76 test
Epichlorohydrin Exp. D1 0.40 | 0.58 | 0.00 | 0.34 |0.6038| 3.24 | 427 | -1.02 test
1,4-Dibromobenzene(s) Exp. D1 1,15 { 0.86 | 0.00 | 0.74 |1.0664| 0.66 | 1.61 -0.94 test
Pentadecane Exp. D1 0.00 | 0.00 | 0.00 | 0.00 |2.2221]| -0.72 | 0.13 | -0.85 test
dibromomethane Exp D2 0.27 { 0.38 | 0.00 | 0.14 [0.6106| 3.77 | 4.68 | -0.91 test
1,3,5-Trichlorobenzene(s) Exp. D1 0.98 | 0.73 | 0.00 | 0.563 {1.0836]| 1.09 | 1.95 | -0.85 test
Heptanoicacid Exp. D1 0.15 | 0.60 | 0.60 | 0.36 [1.1693| 0.04 | 0.81 | -0.77 test
Acetamide Exp. D1 046 | 1.30 | 0.54 | 1.69 |0.5059| 0.73 | 1.40 | -0.67 test
cyclooctane Exp D2 0.21 | 0.40 | 0.00 | 0.16 [0.9355| 2.85 | 3.63 | -0.78 test
Heptanal Exp. D1 0.14 | 0.65 | 0.00 | 0.42 |1.1108| 1.94 | 2.67 | -0.73 test
Hexanoicacid Exp. D1 0.177 { 0.60 | 0.60 | 0.36 [{1.0284| 0.53 | 1.25 | -0.72 test
Methyl2-chloroethylsulfide Abs. D1 | 0.47 | 0.50 | 0.02 | 0.25 |0.8172| 2.86 | 3.60 | -0.75 test
Crotonicacid Abs. D1 0.27 | 0.64 | 0.59 | 0.41 |0.7036| 1.50 | 2.19 | -0.69 test




icis-1,2-dichloroethylene Exp D2 0.26 | 0.38 | 0.00 | 0.14 |0.4698| 4.43 | 5.16 | -0.73 test
methylichloride Exp D2 1-0.90[-045| 0.00 | 0.20 |{0.6729| 5.75 | 6.37 | -0.62 test
cis-2-octene Exp D2 1012 | 0.08 | 0.00 | 0.01 {1.05619]) 3.09 | 3.78 | -0.69 test
Heptan-1-ol Exp. D1 0211042 | 0.37 | 0.18 |1.1536| 1.14 | 1.80 | -0.65 test
1,3-Dioxolane Exp. D1 0.30 | 0.51 | 0.00 | 0.26 |0.5401]| 4.03 | 468 | -0.65 test
Perfluorobutane(1954) Exp. D1 1-1.03-0.54| 0.00 | 0.29 [0.8492| 542 | 5.96 | -0.54 test
Ethyl2-chloroethylsulfide Abs. D1 047 | 049 | 0.02 | 0.24 |10.9581| 2.51 | 3.14 | -0.63 test
Menthol(liq) Exp. D1 0.40 | 0.50 | 0.23 | 0.25 |1.4677] 0.30 | 0.89 | -0.59 test
decafluorobutane Exp D2_-1.03|-0.54 | 0.00 | 0.29 |0.8492| 5.44 | 5.96 | -0.52 test
Butylisocyanate Abs, D1 0.28 | 0.39 | 0.00 | 0.15 {0.8856| 3.15 [ 3,76 | -0.59 | test
N-Methylformamide Exp. D1 041 ] 1.30 | 0.40 | 1.69 |0.5059]| 142 { 1.85 | -0.43 test
Tetrahydrofurfurylalcohol Abs. D1 044 | 0.67 | 0.32 | 0.45 |0.8219| 1.86 | 241 | -0.54 test
Cyclopentanol Exp. D1 043 | 0.54 | 0.32 | 0.29 {0.7630{ 2.30 | 2.85 | -0.55 test
Phenanthrene(s) Exp. D1 2.06 | 1.29 | 0.00 | 1.66 |1.4544| -1.83 | -1.37 | -0.46 test
N-Methylacetamide(liq) Exp. D1 1040 | 1.30 | 0.40 | 1.69 [0.6468| 1.00 | 1.39 | -0.39 test
Hexan-1-ol Exp. D1 021|042 | 0.37 | 0.18 |1.0127{ 1.74 | 2.26 | -0.52 test
DMSO Abs. D1 0.37 | 1.54 | 0.00 | 2.36 |0.6126| 1.74 | 2.06 | -0.31 test
Diethylmaleate Abs. D1 024 | 0.77 | 0.00 | 0.59 [1.3416] 1.13 | 1.59 | -047 test
cis-2-heptene Exp D2 [ 004 | 0.07 | 0.00 | 0.00 [0.9110| 3.81 | 4.32 | -0.51 test
Nitrobenzene Exp. D1 0.87 | 1.11 { 0.00 | 1.23 {0.8906| 1.42 | 1.85 | -0.43 test
Biphenyi(s) Exp. D1 1.36 | 0.99 | 0.00 | 0.98 |1.3242| -0.14 | 0.32 | -0.46 test
Diethyloxalate Abs. D1 0.10 | 1.03 | 0.00 | 1.06 |1.1028] 1.65 | 1.94 | -0.39 test
n-tetradecane Exp D2 | 0.00 | 0.00 | 0.00 | 0.00 |2.0812| 0.16 | 0.59 [ -0.43 test
Undecane EXp. D1 0.00 | 0.00 | 0.00 | 0.00 |1.6585| 1.564 | 1.98 | -0.44 test
Dimethylphthalate Exp. D1 0.78 | 1.40 | 0.00 | 1.96 {1.4288| -0.85 | -0.57 | -0.28 test
1,5-dichloropentane Exp D2 | 041 [ 0.95 | 0.00 | 0.90 |0.9170] 2.09 | 249 | -0.40 test
2-Chloro-4-isopropyltoluene Exp. D1 0.67 | 0.63 | 0.00 | 0.28 [1.2800| 147 | 1.92 | -0.45 test
Naphthalene(s) Exp. D1 1.34 | 0.92 | 0.00 | 0.85 |1.0854| 0.84 | 1.27 | -0.43 test
Heptylisocyanate Abs. D1 0.27 | 0.39 | 0.00 | 0.15 {1.3083| 1.93 | 2.36 | -0.43 test




Nitroethane Exp. D1 0.27 | 0.95 | 0.02 | 0.90 {0.5646| 3.32 | 3.70 | -0.38 test
Butan-1-ol Exp. D1 0.22 | 0.42 | 0.37 | 0.18 {0.7309| 2.75 | 3.18 | -0.43 test
Octylbenzene Exp. D1 0.58 | 0.48 | 0.00 | 0.23 {1.8440| -0.18 [ 0.22 | -0.40 test
Methylbenzoate Exp. D1 0.73 | 0.85 | 0.00 | 0.72 {1.0726] 1.57 | 1.94 | -0.36 test
3-Methylbutan-1-ol Exp. D1 | 019 ] 0.39 | 0.37 | 0.15 [0.8718] 2.40 | 2,79 | -0.39 test
3-Chloro-4-isopropyltoluene Exp. D1 062 | 0.49 | 0.00 | 0.24 (1.2800| 1.63 | 2,02 | -0.39 test
Perfluoroheptane(1956) Abs. D1 [-1.18]-0.35| 0.00 | 0.12 [1.3781| 3.90 | 4.18 | -0.29 | test
Undecan-2-one Exp. D1 0.10 | 0.68 | 0.00 | 0.46 |1.6742| 0.48 | 0.79 | -0.31 test
1,2-Epoxybutane Abs. D1 0.22 | 0.39 | 0.00 | 0.15 |0.6223| 4.27 | 466 | -0.39 test
Nitropropane Exp. D1 024 | 0.95 | 0.00 [ 0.90 [0.7055| 3.00 | 3.32 | -0.31 test
Ethyleneglycoldiacetate Abs. D1 0.10 | 1.03 | 0.00 | 1.06 {1.1028] 1.68 | 1.94 | -0.26 test
Octan-2-ol Exp. D1 0.16 | 0.36 | 0.33 | 0.13 [1.2950{ 1.25 ; 1.59 | -0.33 test
2-Ethoxyethylacetate Exp. D1 0.10 | 0.79 | 0.00 | 0.62 {1.0871] 2.21 | 2.51 | -0.30 test
riethyleneglycol Abs. D1 050 | 1.11 | 0.65 | 1.23 |1.1888| -0.95 | -0.72 | -0.23 test
3,4-Dimethylpyridine Exp. D1 0.68 | 0.85 | 0.00 | 0.72 |0.9571| 2.04 | 2.36 | -0.32 test
Methyldecylether Abs. D1 0.03 | 0.33 | 0,00 | 0.11 [1.7172] 1.00 | 1.31 | -0.31 test
1-Chloro-2-nitrobenzene Exp. D1 1.02 | 1.24 | 0.00 | 1.54 [1.0130{ 0.78 { 1.02 | -0.24 test
2-Phenylethanol Exp. D1 0.81 | 0.91 | 0.30 | 0.83 [1.0569| 0.65 | 0.92 | -0.28 test
Perfluorohexane(1952) Abs. D1 ]-1.041-0.31| 0.00 | 0.09 |1.2018| 4.37 | 4.61 | -0.24 test
Nonane Exp. D1 0.00 | 0.00 | 0.00 | 0.00 [1.3767| 262 | 2.91 | -0.29 test
1-hexene Exp D2 [ 0.12 | 0.09 | 0.00 | 0.01 |0.7701| 4.37 | 4.70 | -0.33 test
Morpholine Exp. D1 043 | 0.79 | 0.06 | 0.62 [0.7221] 2.99 | 3.27 | -0.28 test
cis-Cyclooctene Exp. D1 046 | 0.24 | 0.00 | 0.06 |1.0842| 2.88 | 3.19 | -0.31 test
Butanoicacid Exp. D1 0.21 | 0.62 | 0.60 | 0.38 |0.7466| 1.85 | 2.12 | -0.27 test
Acetophenone Exp. D1 0.82 | 1.01 | 0.00 | 1.02 [1.0139( 148 | 1.72 | -0.23 test
4-Nitrotoluene(liq) Exp. D1 0.87 | 1.11 | 0.00 | 1.23 |1.0315/ 1.18 | 1.39 | -0.21 test
Cycloheptene Exp. D1 0.41 | 0.22 | 0.00 | 0.05 [0.9433| 341 | 3.72 | -0.31 test
Acetonitrile Exp. D1 0.24 | 0.90 | 0.07 | 0.81 |0.4042| 3.97 | 4.21 | -0.24 test
Decan-2-one Exp. D1 0.11 | 0.68 | 0.00 | 0.46 |1.5333] 1.03 | 1.25 | -0.22 test




rans-2-butene Exp D2 (010 | 0.08 | 0.00 | 0.01 {0.4883| 5.36 | 5.65 | -0.29 test
Cyclohexane Exp. D1 0.31 [ 0.10 | 0.00 | 0.01 {0.8454| 4.01 | 429 | -0.28 test
etrachloroethene Exp. D1 0.64 | 044 | 0.00 | 0.19 |0.8370| 3.27 | 3.55 | -0.28 test
Benzylalcohol Exp. D1 0.80 | 0.87 | 0.39 | 0.76 |0.9160] 1.00 { 1.21 | -0.22 test
isopropyliodide Exp D2 | 064 | 040 | 0.00 | 0.16 [0.6486] 3.95 | 4.23 | -0.28 test
Octane Exp. D1 0.00 | 0.00 | 0.00 | 0.00 |1.2358| 3.14 | 3.37 | -0.23 test
Propan-2-ol Exp. D1 021 ] 036 | 0.33 | 0.13 |0.5900| 3.62 | 3.86 | -0.25 test
Pentan-2-ol Exp. D1 0.20 | 0.36 | 0.33 | 0.13 {0.8718| 2.72 | 2.95 | -0.23 test
Methylcyclohexane Exp. D1 0.24 | 0.06 | 0.00 | 0.00 |0.9863] 3.68 | 3.93 | -0.24 test
yclopentane Exp. D1 0.26 | 0.10 | 0.00 | 0.01 |0.7045| 454 | 479 | -0.25 test
Benzonitrile Exp. D1 0.74 | 111 | 0.00 | 1.23 |0.8711| 1.88 | 2.02 | -0.14 test
2-Nitropropane Exp. D1 0.22 | 0.92 | 0.00 | 0.85 |0.7055| 3.24 | 3.40 | -0.16 test
Decanal Exp. D1 0.13 ] 0.65 | 0.00 | 0.42 [1.5333] 1.13 | 1.29 | -0.16 test
Ethylhexanoate Exp. D1 0.04 | 0.58 { 0.00 | 0.34 [1.3102| 2.04 | 2.22 | -0.18 test
Pyrene(s) Exp. D1 2.81 [ 1.71 | 0.00 | 2.92 |1.5846]| -3.55 | -3.54 [ -0.01 test
Butan-2-ol Exp. D1 022 | 0.36 | 0.33 | 0.13 |0.7309| 3.19 | 340 | -0.21 test
Camphene(liq) Exp. D1 042 | 0.22 | 0.00 | 0.05 |1.2574| 2.47 | 268 | -0.21 test
b-Phellandrene Exp. D1 0.53 | 0.25-{ 0.00 | 0.06 |1.3230( 2.13 | 2.34 | -0.21 test
3-Methylpyridine Exp. D1 0.63 | 0.81 | 0.00 | 0.66 [0.8162| 2.77 | 2.94 | -0.17 test
m-Dichlorobenzene(liq) Exp. D1 0.85 | 0.73 | 0.00 | 0.53 |0.9612] 2.27 | 245 | -0.18 test
Methanol Exp. D1 028 | 044 | 043 | 0.19 |0.3082| 4.11 | 4.32 | -0.20 test
5-methylheptan-3-one Exp. D1 0.11 | 0.63 | 0.00 | 0.40 [1.2515( 2.12 | 2.27 | -0.14 test
Benzaldehyde ' Exp. D1 0.82 | 1.00 | 0.00 |{ 1.00 {0.8730( 2.07 | 2.20 [ -0.13 test
Butanonitrile Abs. D1 0.17 { 0.93 | 0.02 | 0.87 [0.6860{ 3.31 | 3.42 | -0.12 test
3-Carene Exp. D1 0.51 [ 0.22 | 0.00 | 0.05 [1.2574| 242 | 261 | -0.19 test
Hexylbenzene Exp. D1 0.59 | 0.50 { 0.00 | 0.25 [1.5618] 0.94 | 1.10 | -0.16 test
4-Methylacetophenone Exp. D1 0.78 | 1.00 | 0.00 | 1.00 {1.1548| 1.20 | 1.31 | -0.11 test
Isobutanoicacid EXp. D1 [0.20 | 0.57 | 0.60 | 0.32 |0.7466] 2.07 | 2.21 | -0.15 test
Menthone Exp. D1 0.32 | 0.63 | 0.00 | 0.40 [1.4247| 1.40 | 1.53 | -0.13 test




1-Methylnaphthalene(liq) Exp. D1 1.34 | 0.92 | 0.00 | 0.85 {1.2263| 0.66 [ 0.80 | -0.14 test
1,1-Difluoroethane Exp. D1 -0.32 | 0.49 | 0.06 | 0.24 {0.2849| 5.71 | 5.86 | -0.15 test
Crotonaldehyde Exp. D1 0.39 | 0.80 | 0.00 | 0.64 [0.6449| 3.59 | 3.72 | -0.13 test
3-Methyloctane Exp. D1 0.00 | 0.00 | 0.00 | 0.00 {1.3767| 2.78 | 2.91 | -0.13 test
Dimethylformamide Exp. D1 0.37 | 1.31 | 0.00 | 1.72 |0.6468| 2.56 | 2.56 0.00 test .
2,4-Dimethylpyridine Exp. D1 0.63 | 0.76 | 0.00 | 0.58 |0.9571| 2.45 | 2.58 | -0.12 test
cis-1,2-dimethylcyclopentane Exp D2 0.25 [ 0.10 | 0.00 | 0.01 [0.9863| 3.72 | 3.87 | -0.15 test
Heptan-4-ol Exp. D1 0.18 | 0.36 | 0.33 | 0.13 {1.1536( 1.92 | 2.04 | --0.12 test
Methacrylicacid Exp. D1 0.35 | 0.60 | 0.62 | 0.36 [0.7036] 2.01 | 2.12 | -0.12 test
4-Methylcyclohexane Exp. D1 0.35 ] 0.22 | 0.00 | 0.05 |0.9433| 3.63 | 3.77 | -0.15 test
Chloropentane Exp. D1 0.21 | 040 | 0.00 | 0.16 {0.9355| 3.50 | 3.63 | -0.13 test
2-Methyloctane Exp. D1 0.00 | 0.00 | 0.00 | 0.00 [1.3767] 2.80 | 2.91 | -0.11 test
Benzylchloride Exp. D1 0.82 | 0.86 | 0.00 | 0.74 |0.9797| 2.06 | 2.15 | -0.09 test
Dihydrocarvone(liq) Abs, D1 0.50 | 0.68 | 0.00 | 0.46 [1.3817] 1.35 | 1.43 | -0.08 test
2-Methylpentan-1-ol Exp. D1 0.21 |1 0.39 | 0.37 | 0.15 [1.0127] 2.21 | 2.31 | -0.10 test
Nonan-5-one Exp. D1 0.10 [ 0.66 | 0.00 | 0.44 |1.3924| 1.69 | 1.76 | -0.06 test
4-Methyloctane Exp. D1 0.00 | 0.00 | 0.00 { 0.00 ({1.3767| 2.82 | 2.91 | -0.09 test
Methylbutylether Exp. D1 0.00 | 0.22 | 0.00 | 0.05 [0.8720{ 4.17 | 4.28 { -0.11 test
1,2,3,5-Tetrachlorobenzene(liq,mp51) Exp. D1 1,16 | 0.85 | 0.00 { 0.72 |1.2060| 1.08 | 1.16 | -0.08 test
1,2-Diphenylethane(s) Exp. D1 1.22 { 1.04 | 0.00 | 1.08 |1.6060{ -0.64 | -0.61 | -0.03 test
lodopropane ' Exp. D1 0.63 | 0.40 | 0.00 | 0.16 |0.7895| 3.65 | 3.78 | -0.13 test
1,1-Dichloropropane Abs. D1 0.25 | 0.36 | 0.07 | 0.13 [0.7761| 3.85 | 3.96 | -0.11 test
Hexylacetate Exp. D1 0.06 | 0.60 | 0.00 | 0.36 [{1.3102| 2.12 | 2.17 | -0.05 test
Hexane Exp. D1 0.00 | 0.00 | 0.00 | 0.00 [0.9540| 4.21 | 4.30 | -0.09 test
1-methylcyclopentene Exp D2 | 0.33]0.20 | 0.00 | 0,04 |0.8024| 4.17 | 428 | -0.11 test
1-lodo-2-methylpropane Abs. D1 0.64 | 0.37 | 0.02 | 0.14 |0.9304| 3.20 | 3.31 -0.11 test
2-Chlorotoluene Exp. D1 0.76 | 0.65 | 0.00 | 0.42 |0.9797| 2.63 | 2.61 -0.08 test
4-methylheptane Exp D2 | 0.00 | 0.00 | 0.00 | 0.00 {1.2358| 3.31 | 3.37 | -0.06 test
Pyrrole Exp. D1 0.61 | 0.90 | 0.21 | 0.81 |0.5774| 2.90 | 2.94 | -0.04 test




Pentylacetate Exp. D1 | 007 ) 0.60 | 0.00 | 0.36 |1.1693| 2.59 | 2.63 | -0.03 test
4-Ethylheptane Exp. D1 0.00 | 0.00 | 0.00 | 0.00 {1.3767| 2.86 | 2.91 | -0.05 test
3-ethylhexane Exp D2 | 0.00 | 0.00 | 0.00 | 0.00 {1.2358} 3.32 | 3.37 | -0.05 test
1-tridecene Exp D2 | 0.09 [ 0.08 | 0.00 | 0,01 {1.8973] 1.00 | 1.03 | -0.03 test
2,2,3,3,3-Pentafluoropropan-1-ol Abs. D1 |-0.20| 0.27 | 0.44 | 0.07 |0.6785( 3.66 | 3.71 | -0.05 test
Butylacetate Exp. D1 0.07 [ 0.60 | 0.00 | 0.36 {1.0284]| 3.05 | 3.09 | -0.04 test
1,3-Divinylbenzene Abs. D1 0.94 | 0.60 | 0.00 | 0.35 (1.1940| 1.79 | 1.86 | -0.07 test
2-Methylpyridine Exp. D1 0.60 | 0.75 | 0.00 | 0.56 [0.8162f 3.05 | 3.09 | -0.04 test
diiodomethane Exp D2 | 0.34 | 040 | 0.00 | 0.16 |1.2699| 2.38 | 2.43 | -0.05 test
Heptan-4-one Exp. D1 0.11 ] 0.66 | 0.00 | 0.44 (1.1108( 2.66 | 2.67 | -0.01 test
1,3,5-Trimethylbenzene Exp. D1 | 065 | 0.52 | 0.00 | 0.27 [1.1391| 2.36 | 2.41 | -0.05 test
1,2,3-Trimethylbenzene Exp. D1 0.73 | 0.61 | 0.00 | 0.37 {1.1391| 2.15 | 2.19 | -0.04 test
Propanoicacid Exp. D1 023 | 0.65 | 0.60 | 0.42 {0.6057| 2.49 | 2.51 -0.02 test
2, 3-Dimethylheptane Exp. D1 0.00 | 0.00 | 0.00 | 0.00 |1.3767| 2.89 | 291 | -0.02 test
Hept-1-ene Exp. D1 0.09 | 0.08 | 0.00 | 0.01 [1.0519| 3.77 | 3.81 | -0.04 test
3-methylheptane Exp D2 | 0.00 | 0.00 | 0.00 | 0.00 (1.2358| 3.35 | 3.37 | -0.02 test
1,2,4-Trimethylbenzene Exp. D1 0.68 | 0.56 | 0.00 | 0.31 {1.1391| 229 | 2.32 | -0.04 test
2-Chlorophenetole Abs. D1 0.83 | 0.91 | 0.00 | 0.82 {1.1793| 1.39 | 1.38 0.01 test
Neopentylacetate Exp. D1 0.06 | 0.57 | 0.00 | 0.32 [1.1693| 2.69 | 2.69 0.00 test
Propyleneoxide Exp. D1 0.24 | 0.57 | 0.00 | 0.32 |0.4814| 4.77 | 481 | -0.04 test
1-methyl-1-ethylcyclopentane Exp D2 0.21 | 0.10 | 0.00 | 0.01 |1.1272| 3.41 | 3.44 | -0.03 test
Chlorobenzene Exp. D1 0.72 | 0.65 | 0.00 { 0.42 [0.8388]| 3.08 | 3.11 | -0.03 test
trans-3-Methylcyclohexanol Abs. D1 0.40 | 0.50 | 0.34 | 0.25 [1.0450| 1.94 | 1.96 | -0.01 test
trans-2-heptene Exp D2 0.09 | 0.08 | 0.00 | 0.01 [1.0519]| 3.78 | 3.81 | -0.03 test
2-Chlorophenol Exp. D1 0.85 | 0.88 | 0.32 | 0.77 |0.8975| 1.44 | 1.42 0.02 test
trans-1,2-dimethylcyclopentane Exp D2 0.19 | 0.10 | 0.00 | 0.01 {0.9863| 3.89 | 3.92 | -0.03 test
Hexan-3-one Exp. D1 0.14 | 0.66 | 0.00 | 0.44 [0.9697| 3.14 | 3.12 0.02 test
2-Bromobutane Exp. D1 0.34 | 0.35 | 0.00 | 0.12 |0.8472| 3.87 | 3.89 | -0.03 test
Heptylamine Exp. D1 0.20 | 0.35 | 0.16 | 0.12 |1.1947| 2.40 | 2.40 0.00 test




Dimethylsulfide Exp. D1 0.40 | 0.38 | 0.00 | 0.14 |0.5539| 4.72 | 4.76 | -0.04 test
Pentan-2-one Exp. D1 0.14 | 0.68 | 0.00 | 0.46 [0.8288]| 3.56 | 3.54 | 0.02 test
1,4-Dioxan Exp. D1 0.30 | 0.72 | 0.00 | 0.52 [0.7632]| 3.57 | 3.56 | 0.01 test
2-Methylhexane Exp. D1 0.00 | 0.00 | 0.00 | 0.00 [1.0949| 3.84 | 3.84 0.00 test
Trichloroethene Exp. D1 0.52 | 0.37 | 0.08 | 0.14 [0.7146| 3.89 | 3.92 | -0.03 test
Di-n-butylamine Exp. D1 0.11 ] 0.30 | 0.08 | 0.09 {1.3356| 2.33 | 2.32 | 0.01 test
Isobutylpropanoate Exp. D1 0.03 | 0.53 | 0.00 | 0.28 [1.1693| 2.81 | 2.78 0.03 test
Ethylbutylether Exp. D1 0.01 | 0.25 | 0.00 | 0.06 {1.0130{ 3.77 | 3.76 | 0.01 test
lodobenzene Exp. D1 1.19 | 0.82 | 0.00 | 0.67 |0.9746] 1.97 | 1.96 | 0.01 test
R2,2-Dimethylpropanamide Exp. D1 0.34 | 1.30 | 0.00 | 1.69 [0.9286| 1.84 | 1.68 | 0.16 test
Butanone Exp. D1 0.17 | 0.70 | 0.00 | 0.49 [0.6879] 3.98 | 3.95 | 0.03 test
4-Ethyltoluene Exp. D1 063 | 0.51 | 0.00 | 0.26 [1.1391| 2.45 | 2.45 | 0.01 test
2,6-Dimethylpyridine Exp. D1 0.61 | 0.70 | 0.00 | 0.49 [0.9571]| 2.74 | 2.71 0.02 test
3-Methylpentane Exp. D1 0.00 | 0.00 | 0.00 | 0.00 [0.9540( 4.31 | 4.30 | 0.01 test
2,3,3,4-Tetramethylpentane Exp. D1 0.00 | 0.00 | 0.00 | 0.00 [1.3767| 2.95 | 2,91 0.04 test
2-Bromopropane Exp. D1 0.33 | 0.35 | 0.00 | 0.12 [0.7063]| 4.37 | 4.37 | 0.00 test
2,3,4-Trimethylhexane Exp. D1 0.00 | 0.00 | 0.00 | 0.00 {1.3767| 2.95 | 2.91 0.04 test
m-Xylene Exp. D1 0.62 | 0.52 | 0.00 | 0.27 |0.9982| 2.91 | 2,90 | 0.02 test
Butanal Exp. D1 0.19 | 0.65 | 0.00 | 0.42 |0.6879{ 4.06 | 4.02 | 0.04 test
2,6-Dimethylheptane Exp. D1 0.00 { 0.00 | 0.00 | 0.00 |1.3767]| 2.96 | 2.91 0.05 test
cis-1,3-dimethyi¢yclohexane Exp D2 0.20 { 0.10 | 0.00 | 0.01 {1.1272] 3.47 | 3.44 0.03 test
Methyltert-butylether Exp. D1 0.02 | 0.11 | 0.00 | 0.01 |0.8720| 4.43 | 4.41 0.02 test
3-methyl-cis-2-pentene Exp D2 | 007 ]0.08] 0.00 | 0.01 |0.9110{ 4.31 | 429 | 0.02 test
Propylbenzene Exp. D1 0.60 | 0.50 | 0.00 { 0.25 {1.1391] 2.61 | 2,48 0.03 test
2-Carene Abs. D1 0.57 | 0.36 | 0.00 | 0.13 |1.2674] 2.37 | 234 | 0.03 test
MeOCH2CH2)20 Abs. D1 0.06 { 0.76 | 0.00 | 0.58 |1.1301] 2.53 | 244 | 0.09 test
Penta-1,2-diene Abs. D1 0.26 | 0.18 | 0.00 | 0.03 |0.7271]| 460 | 459 | 0.01 test
1,2,3,4-tetramethylbenzene Exp D2 | 079 | 0.66 | 0.00 | 0.44 {1.2800| 1.63 | 1.58 | 0.05 test
Chloropropane Exp. D1 0.22 | 0.40 | 0.00 | 0.16 |0.6537| 4.57 | 4.55 0.02 test




2-Ethyltoluene Exp. D1 0.68 [ 0.55 | 0.00 | 0.30 [1.1391] 2.37 | 2.34 | 0.04 test
Dipropylether Exp. D1 0.01 | 0.25 | 0.00 | 0.06 |1.0127| 3.81 | 3.77 0.05 test
Methylacrylate Exp. D1 0.25 | 0.66 | 0.00 | 0.44 [0.7036| 3.96 | 3.90 0.06 test
2-methyl-2-pentene Exp D2 | 0.08 | 0.08 | 0.00 | 0.01 |0.9111] 4.32 | 428 | 0.04 test
trans-2-octene Exp D2 0.12 | 0.08 | 0.00 | 0.01 [1.1928| 3.37 | 3.32 0.05 test
n-hexylbenzene Exp D2 | 0.59 | 0.50 | 0.00 | 0.25 [1.6618| 1.17 | 1.10 0.07 test
Diethylmalonate Exp. D1 0.11 [ 1.20 | 0.00 | 1.44 {1.2437| 1.27 { 1.07 | 0.20 test
3-methyl-trans-2-pentene - Exp D2 | 0.16 | 0.08 [ 0.00 | 0.01 |0.9110]| 4.26 | 4.22 0.04 test
rans-1,2-dichloroethylene Exp D2 | 0.36 | 0.34 | 0.00 | 0.12 |10.56922| 4.76 | 4.73 | 0.03 test
Ethylpropylether Exp. D1 0.00 ] 0.25 | 0.00 | 0.06 |0.8720| 4.29 | 423 | 0.05 test
1-Chloro-2-methylpropane Exp. D1 0.19 | 0.37 | 0.00 | 0.14 [0.7946| 4.20 | 4.16 0.05 test
trans-Pent-2-ene Exp. D1 0.13 | 0.08 | 0.00 | 0.01 {0.7701]| 4.75 | 4.71 0.04 test
-Methylpentane Exp. D1 0.00 | 0.00 | 0.00 | 0.00 {0.9540| 4.36 | 4.30 0.06 test
cyclopentene Exp D2 | 0.34 ] 020 ) 0.00 | 0.04 {0.6606] 4.77 | 4.74 0.03 test
Ethylbenzene Exp. D1 0.61 ] 0.51 | 0.00 | 0.26 [0.9982] 2.97 [ 292 | 0.05 test
2-Nitro-4-isopropyltoluene(liq) Abs. D1 0.91 | 1.01 | 0.00 [ 1.01 [1.4542| 0.34 | 0.20 0.14 test
Methylpropylether Exp. D1 0.06 | 0.25 | 0.00 | 0.06 |0.7309{ 4.70 | 465 | 0.05 test
Ethylacrylate Exp. D1 0.21 { 0.64 | 0.00 | 0.41 |0.8445| 3.60 | 3.51 0.09 test
1,1-dimethylcyclohexane Exp D2 | 024 | 0.10 [ 0.00 | 0.01 |1.1272] 3.48 | 3.42 | 0.06 test
Tetrafluormethane(1933) Exp. D1 |-0.55|{-0.25| 0.00 | 0.06 [0.3203] 7.17 | 7.09 0.08 test
1,2,4,5-Tetrachlorobenzene(lig,mp140) Exp. D1 1.16 | 0.86 | 0.00 | 0.74 |1.2060| 1.24 | 1.14 | 0.10 test
1,2-Dichloropropane Exp. D1 0.37 | 0.63 | 0.00 | 0.40 [0.7761| 3.71 | 3.63 | 0.08 test
3-Methylstyrene Exp. D1 0.87 | 065 | 0.00 | 0.42 (1.0961} 2.23 | 2.15 | 0.08 test
4-Chlorotoluene Exp. D1 0.71 | 0.74 | 0.00 | 0.55 [0.9797| 2.58 | 2.49 | 0.09 test
Piperidine Exp. D1 042 | 0.46 | 0.13 | 0.21 |0.8043| 3.49 | 342 | 0.07 test
Dihexylether Exp. D1 0.00 | 0.25 | 0.00 | 0.06 |1.8581} 1.11 | 0.99 | 0.12 test
Isobutylformate Exp. D1 0.10 | 0.60 | 0.00 [ 0.36 |0.8875| 3.64 | 3.53 | 0.10 fest
4,4-Dimethylheptane Exp. D1 0.00 { 0.00 | 0.00 | 0.00 |1.3767| 3.01 | 2.91 0.10 test
Methylvinylketone Exp. . D1 0.29 { 0.76 | 0.00 | 0.58 |0.6449| 3.98 | 3.87 | 0.11 test




Dihydrocarveol Abs. D1 0.54 | 047 | 0.34 | 0.22 {1.4247| 0.77 | 0.67 0.11 test
3-Methylbutan-2-one Exp. D1 0.13 | 0.65 | 0.00 | 0.42 |0.8290| 3.72 | 360 | 0.11 test
trans-3-hexene Exp D2 | 012 | 0.08 | 0.00 | 0.01 |0.9110/ 4.33 | 4.25 0.08 test
Propanone Exp. D1 0.18 | 0.70 | 0.04 | 0.49 (0.5470| 4.39 | 4.28 0.11 test
4-Methylpentan-2-one Exp. D1 | 011 | 0.65 | 0.00 | 0.42 [0.9697| 3.28 | 3.16 | 0.13 test
Toluene Exp. D1 0.60 | 0.52 | 0.00 | 0.27 {0.8573| 3.46 | 3.38 | 0.09 test
Methylformate Exp. D1 0.19 | 0.68 | 0.00 | 0.46 [0.4648| 4.81 | 470 | 0.11 test
,2-Dimethylheptane Exp. D1 0.00 | 0.00 | 0.00 | 0.00 {1.3767] 3.03 | 2.91 | 0.12 test
~-Nitro-2-methylpropane Exp. D1 | 0.20 | 0.92 | 0.00 | 0.85 |0.8464| 3.12 | 2.95 | 0.17 test
cetaldehyde Exp. D1 0.21 | 0.67 | 0.00 | 0.45 [0.4061| 5.00 [ 4.90 | 0.11 test
Ethylformate Exp. D1 0.15 | 0.66 | 0.00 | 0.44 [0.6057| 4.42 | 4.31 0.12 test
Diethyleneglycol,ethylether Abs. D1 0.27 | 0.83 | 0.32 | 0.69 [1.1301{ 1.38 | 1.21 0.17 test
3-methyl-3-ethylpentane Exp D2 | 0.00 { 0.00 | 0.00 | 0.00 {1.2358| 3.49 | 3.37 | 0.12 test
Hexylamine Exp. D1 1020 ) 0.35 | 0.16 | 0.12 |1.0538] 2.97 | 2.86 | 0.11 test
Vinylacetate Exp. D1 0.22 | 0.64 | 0.00 | 0.41 |0.7036| 4.08 | 3.96 | 0.12 test
Pentafluoroethane Exp. D1 |-0.51]-0.02 ] 0.11 | 0.00 |0.4789| 6.08 | 5.97 0.1 test
2-Chloropropane Exp. D1 0.18 | 0.35 | 0.00 | 0.12 [0.6537| 4.76 | 4.66 0.09 test
Ethylisopentanoate Abs. D1 0.05 { 0.53 | 0.00 | 0.28 {1.1693]| 2.90 | 2.76 | 0.14 test
Myrcene Abs. D1 0.45 | 0.23 | 0.00 | 0.05 |1.3886] 2.31 | 220 | 0.11 test
Ethanethiol Abs. D1 0.46 | 0.40 | 0.00 | 0.16 |0.5539| 4.76 | 468 | 0.08 test
1,1-Dichloroethene Exp. D1 0.36 | 0.34 | 0.00 | 0.12 |0.5922| 4.82 | 4.73 | 0.09 test
Isobutylacetate Exp. D1 0.05 | 0.57 | 0.00 | 0.32 |1.0284| 3.30 | 3.16 | 0.14 test
1-tetradecene Exp D2 [ 0.09 | 0.08 { 0.00 | 0.01 |2.0382| 0.73 | 0.57 [ 0.16 test
1,2,3,56-tetramethylbenzene Exp D2 0.75 | 0.61 | 0.00 | 0.37 {1.2800] 1.84 | 1.71 0.13 test
4-lsopropyltoluene Exp. D1 061 {049 | 0.00 | 0,24 |1.2800f{ 2.16 | 203 | 0.12 test
2-ethyl-1-hexene Exp D2 | 0.14 | 0.08 | 0.00 | 0.01 |1.1928] 3.43 | 3.31 0.12 test
Fluorobenzene Exp. D1 0.48 | 0.57 | 0.00 | 0.32 |0.7341] 392 | 3.79 | 0.12 test
Pent-1-ene Exp. D1 0.09 | 0.08 | 0.00 | 0.01 |0.7701| 4.85 | 4.73 | 0.12 test
,3,3-Trimethylhexane EXxp. D1 0.00 { 0.00 | 0.00 | 0.00 [1.3767| 3.06 | 2.91 0.16 test




Azulene(s) Exp. D1 1.34 | 1.17 | 0.00 | 1.37 {1.0854| 0.91 | 0.70 | 0.21 test
2,2,3-Trimethylpentane Exp. D1 0.00 [ 0.00 | 0.00 | 0.00 |1.2360f 3.52 | 3.37 | 0.15 test
Benzalchloride Exp. D1 0.92 | 0.81 | 0.10 | 0.66 |1.1021| 164 | 1.49 | 0.16 test
Allylbromide Exp. D1 0.50 | 0.55 | 0.00 | 0.30 |0.6633| 4.17 | 4.04 | 0.13 test
Propadiene Abs. D1 1026 | 0.12 | 0.00 | 0.01 |0.4453| 6.72 | 661 | 0.11 test
Chloroethane Exp. D1 0.23 { 0.40 | 0.00 | 0,16 !0.5128] 5.13 | 5.01 0.12 test
Aniline Exp. D1 0.96 | 0.96 | 0.26 | 0.92 (0.8162; 1.80 | 1.61 0.19 test
Geraniol Exp. D1 0.51 | 0.52 | 0.38 | 0.27 {1.4903| 043 | 0.256 | 0.17 test
ec-Butylformate Exp. D1 0.10 { 0.60 | 0.00 | 0.36 (0.8875| 3.70 | 3.53 0.17 test
1,2-Dibromoethane Exp. D1 0.75 | 0.76 | 0.10 | 0.58 10.7400| 3.06 | 2.91 0.15 test
Di-isopentylether Exp. D1 0.00 | 0.19 | 0.00 | 0.04 (1.5763| 2.18 | 2.00 0.17 test
Dipropylamine Exp. D1 0.12 | 0.30 | 0.08 | 0.09 [1.0538] 3.38 | 3.23 | 0.15 test
Isopropylbenzene Exp. D1 0.60 | 0.49 | 0.00 | 0.24 [1.1391| 2.65 | 2.50 0.16 test
2,2-Dimethylpropan-1-ol Exp. D1 0.22 | 0.36 | 0.37 | 0.13 |0.8718] 2.97 | 2.81 0.15 test
Isopropylformate Exp. D1 0.09 | 0.60 | 0.00 | 0.36 [0.7466| 4.17 | 4.00 | 0.17 test
Isobutylbenzene Exp. D1 0.58 | 0.47 | 0.00 | 0.22 [{1.2800( 2.25 [ 2.09 | 0.16 test
Cyclohexylamine Exp. D1 0.33 | 0.56 | 0.16 | 0.31 [0.9452| 2.93 | 2.77 0.17 test
Hexa-1,5-diene Exp. D1 0.19 | 0.15 | 0.00 | 0.02 [0.8680( 4.38 | 424 | 0.14 test
Isopropylacetate Exp. D1 0.06 | 0.57 | 0.00 | 0.32 {0.8875| 3.80 | 3.62 0.18 test
Ethylisobutanoate Exp. D1 0.03 | 0.55 | 0.00 | 0.30 |1.0284| 3.39 | 3.21 0.18 test
tert-Butylbromide Exp. D1 0.31 | 0.29 | 0.00 | 0.08 [0.8472| 4.16 | 4.02 | 0.15 test
2,3,3-trimethylpentane Exp D2 0.00 | 0.00 | 0.00 | 0.00 {1.2358{ 3.55 | 3.37 0.18 test
Dimethoxymethane Exp. D1 | 0.09 | 0.52 | 0.00 | 0.27 [0.6487| 463 | 447 | 0.17 test
3-Isopropyltoluene Exp. D1 0.62 | 0.49 | 0.00 | 0.24 |1.2800| 2.19 | 2.02 0.17 test
Diphenylether(liq) Exp. D1 1.22 | 1.08 | 0.00 | 1.17 [1.3829| 0.27 | 0.03 | 0.24 test
1-Phenyiethanol Exp. D1 0.78 | 0.83 | 0.30 | 0.69 [1.0569] 1.32 | 1.11 0.21 test
Methylcinnamate Exp. D1 1.10 | 1.28 | 0.00 | 1.64 [1.3114| 0.17 | -0.12 | 0.30 test
Isobutylisobutanoate Exp. D1 0.00 | 0.50 | 0.00 | 0.25 |1.3102| 2.60 | 2.39 | 0.21 test
2,2,3,4-Tetramethylpentane Exp. D1 0.00 | 0.00 | 0.00 | 0.00 [1.3767| 3.10 | 2.91 0.19 test




Allylacetate Exp. D1 0.20 | 0.72 | 0.00 | 0.52 [0.8445| 3.57 | 3.37 0.21 test
sec-Butylbenzene Exp. D1 0.60 | 0.48 | 0.00 | 0.23 (1.2800{ 2.23 | 205 | 0.18 test
1,1,1-Trifluoropropan-2-ol Abs. D1 -0.10 | 0.28 | 0.49 | 0.08 |0.6431| 3.77 | 3.59 0.19 test
2,2-dimethylhexane Exp D2 | 0.00 | 0.00 | 0.00 | 0.00 |{1.2358| 3.57 | 3.37 | 0.20 test
1,2-Diethoxyethane Exp. D1 0.00 | 0.41 | 0.00 | 0.17 {1.0714| 3.53 | 3.33 | 0.20 test
Benzene Exp. D1 0.61 | 0.52 | 0.00 | 0.27 [0.7164]| 4.00 | 3.83 | 0.17 test
Styrene Exp. D1 0.85 | 0.65 | 0.00 | 0.42 |0.9552| 2.81 | 2.63 | 0.19 test
1,2-Dichloroethane Exp. D1 042 | 064 | 0.10 | 0.41 [0.6352] 3.94 | 3.74 | 0.20 test
tert-Butyliodide Exp. D1 0.61 [ 0.35 | 0.00 | 0.12 |0.9304| 3.58 | 3.41 0.17 test
Isopentylbutanoate Exp. D1 0.02 | 0.53 | 0.00 | 0.28 {1.4511] 210 | 1.86 | 0.24 test
,4,4-Trimethylhexane Exp. D1 0.00 | 0.00 | 0.00 | 0.00 [1.3767| 3.13 | 2.91 0.22 test
Bis-2-chloroethylether Abs. D1 0.29 | 0.67 | 0.03 | 0.45 [1.2575] 218 | 1.94 | 0.24 test
m-diethylbenzene Exp D2 | 0.64 | 0.50 | 0.00 | 0.25 {1.2800| 2.20 | 1.99 0.21 test
b-Methylstyrene(t) Exp. D1 0.91 | 0.72 | 0.00 | 0.52 [1.0961] 2.20 | 1.98 | 0.22 test
tert-Butylchloride Exp. D1 0.14 ] 0.30 | 0.00 | 0.09 [0.7946| 4.50 | 4.30 | 0.20 test
3-methyl-1-butene Exp D2 |10.14 ] 0.08 | 0.00 | 0.01 |0.7701| 4.89 | 469 | 0.20 test
3,3-dimethylpentane Exp D2 | 0.00 { 0.00 [ 0.00 | 0.00 {1.0949| 4.06 | 3.84 | 0.22 test
1,2,4-Triazole(solid) Exp. D1 0.66 | 1.04 | 0.72 | 1.08 |0.4952| 1.66 | 1.37 0.29 test
Triphenylethylene(liq) Abs. D1 210 { 1.50 | 0.00 | 2.24 [2.1708| -3.89 | 4.31 | 0.42 test
But-1-ene Exp. D1 0.10 | 0.08 | 0.00 | 0.01 |0.6292| 5.41 | 5.19 0.22 test
o-Toluidine Exp. D1 0.97 | 0.92 | 0.23 | 0.85 [0.9571| 1.60 | 1.31 0.28 test
Propane Exp. D1 0.00 | 0.00 | 0.00 | 0.00 |0.56313| 5.92 | 6.69 | 0.23 test
1,4-Cineole Abs. D1 040 | 0.44 | 0.00 | 0.19 [1.3591| 2.28 | 2.01 0.27 test
3,3-dimethylhexane Exp D2 | 0.00 | 0.00 | 0.00 | 0.00 [1.2358] 3.64 | 3.37 0.27 test
,3-dimethyl-1-butene Exp D2 | 0.10 | 0.08 | 0.00 | 0.01 {0.9111] 451 | 426 | 0.25 test
Aceticacid Exp. D1 0.27 | 0.65 | 0.61 | 0.42 |0.4648| 3.19 | 2.91 0.28 test
Ethyltert-butylether Exp. D1 0.00 | 0.19 | 0.00 | 0.04 |1.0130| 412 | 3.86 | 0.26 test
1,1,1,2-tetrafluoroethane Exp D2 | 0.05|0.35 | 0.00 | 0.12 |0.4081| 5.81 | 5.57 0.24 test
crylicacid Abs. D1 0.27 | 0.57 | 0.59 | 0.33 [0.5627| 3.06 | 2.78 | 0.28 test




3,3-Dimethylbutan-2-ol Exp. D1 0.19 | 0.30 | 0.33 | 0.09 [1.0127] 2.85 | 2.58 0.27 test
Di-isobutylether Exp. D1 0.00 { 0.19 | 0.00 { 0.04 (1.2945| 3.21 | 2.93 0.28 test
3,3-Dimethylbutan-2-one Exp. D1 0.11 [ 0.62 | 0.00 { 0.38 {0.9697] 3.51 | 3.22 0.30 test
Allylchloride Exp. D1 0.33 { 0.56 | 0.00 | 0.31 {0.6106| 4.60 | 4.33 0.26 test
b-Chloroethylbenzene Exp. D1 0.80 | 0.90 | 0.00 | 0.81 {1.1206] 1.93 | 1.62 0.32 test
2-Methylpropane Exp. D1 0.00 | 0.00 | 0.00 | 0,00 {0.6722] 5.49 | 523 | 0.26 test
o-diethylbenzene Exp D2 | 069 | 054 | 0.00 | 0.29 {1.2800] 2.16 | 1.88 0.28 test
2,2 4-Trimethylhexane Exp. D1 0.00 | 0.00 | 0.00 | 0.00 {1.3767| 3.20 | 2.91 0.29 test
~diethylbenzene Exp D2 | 0.65 | 0.50 | 0.00 | 0.25 |1.2800] 2.27 | 1.99 0.28 test
2,2,3-trimethylbutane Exp D2 | 0.00 | 0.00 | 0.00 | 0.00 |1.0949| 4.13 | 3.84 0.29 test
Isobutylisopentanoate Abs. D1 0.03 | 0.49 | 0.00 | 0.24 [1.4511] 2.26 | 1.92 0.34 test
Dibutylphthalate Exp. D1 0.70 | 1.40 | 0.00 | 1.96 [2.2742] -2.76 | -3.29 | 0.53 test
Trimethylamine Exp. D1 | 0.14 | 0.20 | 0.00 | 0.04 [0.6311] 5.27 | 499 | 0.29 test
2,4-Dimethylpentan-3-one Exp. D1 1 0.07 | 0.60 | 0.00 | 0.36 [1.1106| 3.16 | 2.82 0.34 test
Propylamine Exp. D1 023 | 035]0.16 | 0.12 [0.6311| 4.53 | 4.23 0.30 test
cis-3-heptene Exp D2 | 0.14 | 0.08 | 0.00 | 0.01 {1.0519( 4.08 | 3.77 0.31 test
difluoromethane Exp D2 |-0.36 |-0.12| 0.00 | 0.01 |0.6013| 6.20 | 5.88 | 0.32 test
2-Methylbuta-1,3-diene Exp. D1 0.31 | 0.23 | 0.00 | 0.05 [0.7271]| 4.78 | 449 | 0.29 test
2,4-Dimethylpentan-3-ol Exp. D1 0.21 | 0.30 | 0.33 | 0.09 {1.1536]| 2.43 | 2.11 0.33 test
m-cymene Exp D2 1062 | 049 | 0.00 | 0.24 |1.2800{ 2.35 | 2.02 0.33 test
4-methyl-cis-2-pentene Exp D2 0.18 | 0.08 | 0.00 | 0.01 |0.9110] 4.52 | 4.20 0.32 test
-diisopropylbenzene Exp D2 [ 0.62 | 0.47 | 0.00 | 0.22 [1.5618] 1.51 | 1.14 0.37 test
Methylhexanoate Exp. D1 0.08 | 0.60 | 0.00 | 0.36 [1.3102] 2.56 | 2.16 0.40 test
Ethyltert-pentyléther Abs. D1 0.02 | 0.28 | 0.00 | 0,08 |1.1536] 3.61 | 3.23 0.38 test
Allylamine Exp. D1 0.35 | 049 | 0.16 | 0.24 |0.5881| 440 | 404 | 0.36 test
Penta-1,4-diene Abs. D1 0.28 | 0.19 | 0.00 | 0.04 |0.7271| 4.91 | 4.56 0.35 test
Propene - Exp. D1 0.10 | 0.08 | 0.00 | 0.01 |0.4883| 6.00 | 5.65 0.35 test
2,2,4,4-Tetramethylpentane Exp. D1 0.00 | 0.00 | 0.00 | 0.00 [1.3767] 3.31 | 2.91 0.40 test
Dimethylacetamide Exp. D1 0.36 | 1.33 | 0.00 | 1.77 [0.7877| 2.58 | 2.05 0.53 test




2,4 4-trimethyl-2-pentene Exp D2 |0.14 | 0.08 | 0.00 | 0.01 {1.1928( 3.69 | 3.30 | 0.39 test
ethylfluoride Exp D2 | 0.05] 0.35 | 0.00 | 0.12 |0.4081| 5.94 | 5.57 | 0.37 test
2,2-Dimethylpropane Exp. D1 0.00 [ 0.00 | 0.00 | 0.00 [0.8131] 5.16 | 4.76 | 0.40 test
ec-Butylamine Exp. D1 0.17 1 0.32 | 0.16 | 0.10 {0.7720| 4.26 | 3.86 | 0.41 test
Benzyliodide Exp. D1 1.36 | 0.99 [ 0.00 | 0.98 |1.1155] 1.46 | 1.00 | 0.45 test
Ethane Exp. D1 1 0.00 | 0.00 | 0.00 | 0.00 |0.3904| 6.56 | 6.15 | 0.41 test
Pent-1-yne Exp. D1 0.17 1 0.23 | 0.12 | 0.05 [0.7271| 4.67 | 425 | 042 test
1,2-Diisopropylbenzene Exp. D1 0.67 { 0.53 | 0.00 | 0.28 [1.5618]| 1.44 | 0.99 0.45 test
m-Toluidine Exp. D1 0.95 | 0.5 | 0,23 | 0.90 [0.9571| 1.75 | 1.26 | 0.49 test
4-Methylpentan-2-ol Exp. D1 0.20 | 0.39 | 0.37 | 0.15 |1.0127| 2.77 | 2.32 0.45 test
tert-Pentylformate Exp. D1 0.10 | 0.63 | 0.00 | 0.40 |1.0284| 3.48 | 3.01 0.47 test
2,4-Dichlorophenol(liq,mp43) Exp. D1 096 [ 0.84 | 0.53 | 0.71 {1.0199] 0.88 | 0.40 | 0.48 test
-Toluidine Exp. D1 0.92 | 0.95 ] 0.23 | 0.90 {0.9571| 1.78 | 1.28 0.50 test
Diethylmethylamine Abs. D1 0.11 | 0.38 | 0.00 | 0.15 |0.9129| 4.26 | 3.80 0.45 test
3-Nitro-4-isopropyltoluene(liq) Abs. D1 091 | 1.01 | 0.00 | 1,01 [1.4542| 0.76 | 0.20 0.55 test
Phenol(liq) Exp. D1 081 ] 0.89 | 0.60 | 0.79 [0.7751| 1.65 | 1.02 0.52 test
2 4-dimethylhexane Exp D2 | 0.00 | 0.00 { 0.00 | 0.00 [1.2358| 3.89 | 3.37 0.52 test
3,3-dimethyl-1-butene Exp D2 [ 0.15 | 0.07 { 0.00 | 0.00 |0.9110f{ 4.75 | 423 | 0.52 test
n-butyliodide Exp D2 {063 (040 | 0.00 | 0.16 |0.7895| 4.28 | 3.78 | 0.50 test
But-1-yne Exp. D1 0.18 | 0.25 | 0.12 | 0.06 |0.5862| 5.20 | 4.68 0.52 test
Fenchone(liq) Abs. D1 0.56 | 0.77 | 0.00 | 0.60 [1.3161| 2.01 | 1.42 0.58 test
Di-isopropylamine Exp. D1 0.05 | 0.24 | 0.08 | 0.06 [1.0538| 3.93 | 3.38 | 0.55 test
Pentachloroethane Exp. D1 065 | 0.66 | 0.17 | 0.44 [1.0024| 2.67 | 2.11 0.56 test
Prop-1-yne Exp. D1 0.18 { 0.25 | 0.12 | 0.06 |0.4453| 568 | 6.14 | 0.54 test
Nerol Exp. D1 0.50 | 0.50 | 0.38 | 0.25 |1.4903| 0.93 | 0.30 | 0.63 test
rifluoroethanol Exp. D1 0.02 | 0.60 | 0.57 | 0.36 |0.5022| 3.85 | . 3.20 | 0.65 test
Trifluoroethanol Exp. D1 0.02 | 0.60 | 0.57 | 0.36 |0.5022| 3.86 { 3.20 | 0.66 test
Ethylcinnamate Exp. D1 1.10 | 1.25 | 0.00 | 1.56 [1.4523]| 0.30 | -0.51 | 0.81 test
Ethene Exp. D1 0.11 | 0.10 | 0.00 | 0.01 |0.3474| 6.75 | 6.08 | 0.66 test




1,2-Difluorotetrachloroethane Exp. D1 0.23 | 0.31 | 0.00 | 0.10 [0.9154| 465 | 3.82 | 0.73 test
Dipropylphthalate Exp. D1 0.71 1 140 | 0.00 | 1.96 {1.9924| -1.42 | -2.37 | 0.95 test
4-Hydroxy-4-methylpentan-2-one Abs. D1 0.34 | 0.88 | 0.34 | 0.78 |1.0284| 2.21 | 1.34 0.87 test
Krypton Exp. D1 0.00 | 0.00 | 0.00 | 0.00 |0.2460| 7.42 | 6.63 0.79 test
1,1-dibromoethane Exp D2 0.97 | 0.68 | 0.15 | 0.46 [0.7745| 3.52 | 2.63 0.89 test
etrahydropyran Exp. D1 0.16 | 0.36 | 0.00 | 0.13 [1.1860] 3.88 | 2.91 0.97 test
methylbromide Exp D2 | 0.33 | 0.56 | 0.00 | 0.31 |0.6106| 5.33 | 4.33 1.00 test
4-Chlorophenol Exp. D1 0.92 1 1.08 | 0.67 | 1.17 [0.8975| 1.05 [-0.09 | 1.14 test
dibromodifluoromethane _Exp D2 | 0.62 | 0.35 | 0.00 | 0.12 |0.7895| 4.93 | 3.87 | 1.06 test
trifluoromethane Exp D2 |-0.56| 0.01 | 0.07 | 0.00 |0.6552( 6.65 | 5.51 1.14 test
Carvacrol(liq) Exp. D1 0.82 | 0.81 | 0.54 | 0.66 [1.3387| 0.79 | -0.51 1.30 test




CHAPTER XII:
MELTING POINT: THE LFER

Melting point is another fundamental physical property of pure compounds. It specifies
the transition temperature where the solid and liquid phases can coexist. Besides direct
utility as an indicator of whether a compound is a solid or liquid at a given temperature,
melting points have been applied in biochemical and environmental sciences due to
their relationships with the solubility of compounds. Because of the complex
interactions involved in the crystalline state, the melting temperature is expected to be a
difficult property to describe by a uniform QSPR model for compound sets with large
structural variability. The molecular packing in crystals is determined by molecular
shape, size and symmetry, hydrogen bonding ability and other intermolecular
interactions such as charge-transfer and dipole-dipole interactions. ‘All these interactions
critically influence the melting point. Additionally, many compounds crystallize in
more than one polymeric form, with different melting points. Despite the vast amount of
melting point data available and knowledge about the melting phase transition, no
general relationship yet relates the melting point of compounds with their chemical
structure. Most published quantitative structure-property relationships relating melting
point to chemical structure are confined to limited and/or small sets of hydrocarbons,
substituted aromatics, aldehydes, amines and ketones.

Charton and Charton ! studied 366 congeneric alkanes and correlated both branched
and unbranched compounds with an ‘intermolecular force equation’, which included a
variable capable of accounting for the packing energy contribution of the alkyl group.
The regression equation obtained with 11 descriptors had R* = 0.9185, and sd = 17.9K.
The contribution of the polar variables were slightly larger than those of the non-polar
variables and structural variation in the substituent was more significant than that in the
alkyl group.The melting points of a diverse set of 443 mono- and disubstituted benzenes
have been studied by Katritzky et al. @ resulting in a correlation with 9 descriptors,
with R* = 0.8373 and sd = 30.19 K. Six parameter equations for the subsets with o-, m-
and p-disubstituted compounds were also presented. The importance of hydrogen-
bonding interactions is again reflected in those MLR equations. Additionally, according
to this model the melting point is influenced by molecular shape, size and symmetry,
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related to the molecular packing in crystals and by molecular interactions such as charge
transfer and dipole-dipole interactions.

Gramma et alP” have applied WHIM descriptors and genetic algorithms to predict
the melting point of 209 polychlorinated biphenyls. A test set of 82 compounds gave

= (.82 with 4 descriptors related to the size and symmetry of molecular structures.

XI1-1 The dataset

The data set is composed of 503 diverse compounds gathered by J.Le  for which the
experimental descriptors are known. The melting point values range from 88.15
(propylene) to 637.15 K (picene). The data set was randomly divided into a training set

and a test set and compared in terms of descriptor value distribution and melting point.

Figure 1: Distribution of melting point values
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Figure 2: Distribution of descriptor values
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B distribution
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XII 2 The LFER

For the melting point equation, the five Abraham descriptors, E, S, A, B and V, will be
used, as well as A*B and S*S for solute-solute interactions in the crystal. In addition,
the number of rotatable bonds (RB) was introduced as a new descriptor.

The number of rotatable bonds was obtained using three different Daylight SMARTS

definitions:
1- Using Accelrys’TSAR software that counts any single, acyclic bond as
rotatable.

2- Using Daylight definition
SCG#)&!ID1]-!@[!S(*#*)&!D1]
“Defines an atom which is not triply bonded and not one-connected i.e.terminal
connected by a single non-ring bond to and equivalent atom. Logical operators can
be applied to bonds C-&!@'"). Here, the overall SMARTS consists of two atoms

and one bond. The bond is "single and not ring". *#* any atom triple bonded to
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any atom. By enclosing this SMARTS in parentheses and preceding with $, this
enables us to use $(*#*) to write a recursive SMARTS using that string as an atom
primitive. The purpose is to avoid bonds such as clcccecl-C#C which would be
considered rotatable without this specification.”
3-  John Delaney (Syngenta) SMARTS !
[ X1]-,=[$([C;X4D]-&!@[$([C;X4D]-['X1]
[ X1]):c-&!@[$([C:X4])]-['X1]
[X1]-,=C-&!@[$([N;X4])]-[!X1]
[X1]-{$([C;X4D]-&!@[$(IN;X3D]-['X1]
['X1]-[$([C;X4D)]-&!@[$([0:X2])]-[1X1]
These are run using a program that eliminates multiple hits on a particular bond to
produce an accurate count.
J.Delaney’s definition is the strictest of the three rotatable bond definitions as it
attempts to eliminate trivial rotations (methyls) and anything showing a slight
conjugation. This definition was used to obtain the number of rotatable bonds for the
purpose of this work. A first equation was obtained using all descriptors:

Table 1: Melting point LFER (using e, s, a, b, v, a*b, s*s, and RB)

Summary of fit [Parameter estimates

Rsquare 0.783 {ferm |Estimate [Std Error { ratio

Rsquare adj. 0.776| 105. 14.7] 7.2

RMSE 50.842 63. 12.2 5.2

F ratio 108.56) ks 141.5 22.3 6.

Observations 249 fa 69. 24.7 2.8
b -43.6| 22.1 -2.0
la*b 154.7] 47.5 3.3
Is*s -37.5 6. -5.6|
v 32.7 18.2 1.8
RB 3.9 2.6| 1.5

From the regression results, one can see that the number of rotatable bond is not
significant in the determination of melting point and can therefore be eliminated from
the equation. The t-ratios for b (-1.97) and v (1.80) descriptors are close to the limit
value of 2 to be significant, and they will be included in the regression for the time
being. A new regression was carried out using all Abraham descriptors plus the
additional a*b and s*s descriptors.
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Table 2: Melting point LFER (using e, s, a, b, v, a*b and s*s)

Summary of fit

{Rsquare 0.782
Rsquare adj. 0.775
RMSE 50.967
F ratio 123.156)
Observations 249

Figure 3: Observed versus calculated melting points (using e, s, a, b, v, a*b and s*s)

Parameter estimates

Term [Estimate |Std Error | ratio

c 91.1 11.1 8.2

3 51.9 9.4 5.5

s 146.0) 22.2 6.6)
72.3 24.7) 2.9

b -49.0 21.9 -2.2)

b -40.4 6.4 6.

Is*s 156.7 47.6 3.

W 57.8 6.6 8.8
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Figure 4: residuals versus observed melting point
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In this second regression, all descriptors are significant. It is interesting to note that

most outliers have higher values of melting point, probably due to the fact that at high

temperatures, the distinction between melting and decomposing becomes more

difficult. The ten worst outliers are showed in table 3; their melting point values were

double-checked from the Aldrich catalogue 1999-2000.

Table 3: 10 worst melting point outliers (training set)

Obs. Observed melting point from J.Le
Aldrich Aldrich catalogue 1999-2000

Res. 1 Obs.-aldrich

Calc. melting point calculated from experimental descriptors

Res.2 obs. - calc.

Res.3 aldrich - calc.
Compound Obs.  Aldricb Calc. rss.1  r0s.2 «8.3
p-Toluic acid 453.15 381.15 351.03 72 102.12 30.12
Phthalonitrile 413.15  412.15 305.21 1 107.94  106.94
5-Allyl-5-pheny barbital 452.15 : 564.34 - -112.19 :
Aspirin 23485 411.15 360.19 -176 -12534  50.96
1,4-Dinitrobenzene 447.15  445.15 319.33 2 127.82 12582
4-Bromobenzoic acid 527.65  525.15 37539 3 15226  149.76
Naphthacene 614.15 >573.15 46133 -1 152.82 -
4-Chlorobenzoicacid 516.15 512.15 359.03 4 157.12  153.12
5,5-Dimethylbarbituric acid 551.15 429.15 383,64 122 167.51 45.51
Di(2-cthylhexyl)-phthalate ~ 223.15  663.15 401.71 -440 -178.56 261.44
Fumaric acid 573.15 572.15 345.96 1 227.19  226.19

Except p-toluic acid, the compounds have a melting point greater than 400 K, according

to the Aldrich catalogue. There are large differences between the data set assembled by

J.Le et al. from various sources and the residuals are often smaller when using the

Aldrich values. Compounds having a ‘res.3’ value greater than twice the overall

standard error in equation 2 (>0.51 x 2) will be eliminated from the regresssion. The

error is assumed to be due to (1) inaccurate observed melting point value or (2) error in

the experimental descriptor values.
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* Table 4: Melting point LFER

Eummary of

it arameter estimates

Rsquare 0.850 Term ([Estimate [Std Error  f ratio

Rsquare adj. 0.846 c 81.4 9.1 9.0

RMSE 39.752) e 47.2 7.6 6.2)

F ratio 189 S 151.2) 17. 8.5

Observations 241 la 45.0 20.1 2.2
b 459 17.6 -2.6
a*b 187.3] 39.5 4.7

*s -43. 5.0 -8.7

v 66.1 5.4] 12.3

Figure 5: Observed versus calculated melting points (training set)
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MPt obs. (K)

The final equation can be written as:

MPt (K) = 81.36 (+ 9.06) + 47.24 (+7.63) . E + 151.24 (+17.81) S +44.99 (+20.05) A
~ 4593 ( 17.59). B +187.30 (+ 39.50) A*B— 43.64(x 5.03) S*S + 66.08(+ 5.37) .V

n=241, R?=0.850, sd = 39.75, F = 189 X1-1)
The equation was then validated on the test set containing 254 compounds with

experimental descriptors. The standard deviation thereby obtained was 0.75 and the
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overall standard error 55 K. Again, the main outliers can be observed at melting
temperatures above 400 K.

Figure 6: Observed versus calculated melting points (test set)

R?=0,7528
sd =55.08

o
§

T T 1

0 100 200 300 400 500 600 700
MPt obs. (K)

Table 5: 13 worst melting point outliers (test set)

Compound E|S|A| B |V |MPtobs. {MPtcalc.| res.

Progesterone 1.4513.29{0.00|1.1412.62] 408.15 | 295.99 |112.16
Hydrocortisone 2.0313.49(0.7111.9012.80] 423.15 555.80 |-132.65
Deoxycorticosterone {1.74/3.50{0.1411.3112.68{ 431.15 | 315.95 §115.20
Caffeine 1.50{1.6010.00/1.33}1.36] 511.15 | 311.48 | 199.67
Codeine 1.7811.9510.3311.78j2.21| 334.15 | 483.29 {-149.14
Cocaine 1.36/1.92{0.00(1.50{2.30] 495.65 | 357.82 |137.83
Picene 4.00{2.04{0.00|0.44)2.19| 637.15 | 521.90 |115.26

2-Ethylnaphthalene {1.33{0.90/0.00{0.20{1.37| 203.15 | 326.16 [-123.01
4-Nitrobenzoicacid 0.99(1.07]0.62|0.54{1.11{ 515.65 | 378.87 [136.68
Hexamethylbenzene 10.95/0.72{0.00{0.28{1.56] 440.15 | 302.85 | 137.30
Hexachlorobenzene {1.49(0.9910.00/0.00}{1.45] 501.85 | 354.57 {147.28
Anthragquinone 1.41{1.70{0.00{0.46}1.53] 557.15 | 358.62 }198.53
Uracil 0.81]1.0010.44{1.00{0.75| 608.15 | 333.16 |274.99

It is interesting to note that half of the outliers (sd >0.55 x 2) are drug-like molecules.
The original was divided as randomly as possible, i.e. the compounds were sorted in
order of increasing melting point and every other compound was taken into the training
set, the rest constituted the test set. In the training set, only corticosterone and procaine

represents these drugs chemical classes. Corticosterone as a standard error of 51K and
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procaine of s significant 91K, illustrating again the difficulty to obtain a melting point
prediction model for a diverse set of chemicals.

In equation XII-1, the coefficients shows that the solute-solute hydrogen bond and
dipole-type interactions play a major role in the melting process. A positive a*b
coefficient of 187 shows that the more tightly the solute molecules are held to each
other via hydrogen bond interactions, the higher the temperature required to melt the
compound. The only two terms lowering the melting point of a compound are the
hydrogen bond basicity of the compound as well as the dipole-type interactions
between the solute molecules.

The coefficient of determination R? = 0.85 seems reasonable considering the wide panel
of chemical classes represented in the data set. The melting point can be predicted with
an overall error of around 40K. The test set has an R> = 0.75 and an overall standard
deviation of 55 K, but contains some chemical classes not well represented in the

training set.

Table 6: The melting point data set

ICompound dataset E -] A B V___ Melting point (K) | Res.
obs. cale.
Atropine training | 1.19 1.94 0.36 164 228 | 454.15 453.88 0.27
Pentafluorobenzene raining | 0.15 0.68 0.00 0.02 0.80 | 225.85 | 225.24] 0.61
Ethylformate training | 0.15 0.66 0.00 0.38 0.61 | 193.15 | 193.83 -0.68
N, N-Dimethylaniline kraining | 0.96 0.81 0.00 0.41 1.10 | 275.15 275.85 -0.70
1-Octene fraining | 0.09 0.08 0.00 0.07 1.19 | 17215 | 172.88 -0.73
5,5-Diallylbarbital Eraining 1.29 1.32 0.51 1.26 1.57 | 448.15 | 446.85 1.30
Butylcyclohexane krainm 0.26 0.10 0.00 0.00 141 | 19845 | 199.92 -1.47
1-Hexadecanol iraining 0.15 042 0.37 048 242 | 32245 | 32410 -1.65
2,3-Dimethylbutane training | 0.00 0.00 0.00 0.00 095 | 14415 | 146.22 -2.07
1,2,3,4-Tetrachiorobenzene training | 1.18 0.92 0.00 0.00 1.21 | 319.95 | 322.12 -2.17
2,6-Dimethylphenol training | 0.86 0.79 0.39 0.39 1.06 | 322.15 | 319.84 2.31
trans-2-Heptene training | 0.12 0.08 0.00 0.07 1.05 | 163.67 | 166.04] -2.37
Acrylonitrile training | 0.30 0.54 0.07 0.39 0.50 | 190.15 | 192.82 -2.67
n-Decanol training { 0.19 0.42 0.37 0.48 1.58 | 280.15 | 277.33 2.82
1-Methyifluorene fraining 1 1.59 1.06 0.00 0.25 1.50 | 360.15 | 357.10f 3.05
,2,4-trimethylpentane training | 0.00 0.00 0.00 0.00 124 116585 | 16249 3.36
-Chloronapthalene fraining | 1.42 1.05 0.00 0.13 121 | 332.65 | 336.94 4.29
Dimethylsulfide hraining 0.40 0.38 0.00 0.29 0.55 | 175.15 | 179.51 -4.36
2-Ethyitoluene training | 0.68 0.55 0.00 0.18 1.14 | 256.15 | 251.45 4.70
Methylacrylate training | 0.25 0.66 0.00 0.42 0.70 | 198.15 | 203.12 4.97
5-Ethyl-5-(3-methylbutyl)barbital training | 1.03 1.11 0.47 1.23 1.80 | 429.95 | 42490 5.05
Pentane training 0.00 0.00 0.00 0.00 0.81 143.15 138.08) 5.07
2,3-Dichloronitrobenzene kraining 1.17 1.30 0.00 0.19 1.14 | 334.65 329.51] 5.14
Butane kraining | 0.00 0.00 0.00 0.00 067 | 135.15 ]| 129.95 5.20
2-Hexanone training 0.14 0.68 0.00 0.51 0.97 216.15 209.80f 6.35
Diiodomethane ftraining | 1.45 0.69 0.05 0.23 0.77 | 279.25 | 286.40 -7.15
1,2,4-Trichlorobenzene Itraining 0.98 0.81 0.00 0.00 1.08 | 289.15 | 296.31 -7.16
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1

Chlorodibromethane training | 0.78 071 | 0.07 0.08 0.72 | 25115 | 258.3§ -7.20
m-Nitrotoluene training | 0.87 1.10 0.00 0.25 1.03 | 288.15 | 295.51| -7.36
Fluorobenzene kraining | 0.48 0.57 0.00 0.10 073 | 23115 | 223.47] 7.68
Formicacid kraining | 0.30 0.79 0.72 0.34 032 | 28145 | 289.31} -7.86
Ethyl-p-aminobenzoate fraining { 1.04 1.52 032 | 059 131 | 365.15 | 373.32 -8.17
pctacosane training | 0.00 0.00 0.00 0.00 4.05 |[333.95]| 325.23 8.72
Adenine fraining | 1.68 1.80 0.70 1.13 0.92 | 49165 | 482.67] 8.98
-Toluidine iraining 0.92 0.95 0.23 0.45 0.96 | 31645 | 307.33 9.12
5-(3-Methyl-2-butenyl)-5-ethylbarbital kraining { 1.16 1.20 0.49 1.28 1.75 | 43145 | 440.59 -9.14
Triphenylene rainin 3.00 1.71 0.00 0.42 1.82 | 472.15 | 462.97] 9.18
-Butyiphenol fraining | 0.81 0.89 0.56 0.41 1.34 | 374.15 | 364.80] 9.35
1-Octadecanol training | 0.15 0.42 0.37 0.48 2.70 | 330.65 | 340.04] -9.39
m-Nitroaniline kraining | 1.20 1.71 0.40 0.35 099 | 38565 | 375.81 9.84
3-Methylheptane training | 0.00 0.00 0.00 0.00 124 | 15265 | 162.49 -9.84
o-Nitroaniline fraining | 1.18 1.37 0.30 0.36 0.99 | 34465 | 354.71{-10.06
R2,6-Dinitrotoluene inin 1.16 1.60 0.00 0.45 121 | 339.15 | 328.53 10.62
-Toluenesulfonamide kraining 1.10 1.55 0.55 0.87 124 | 410.25 | 421.05-10.80
loroaniline training | 1.06 1.13 0.30 0.31 0.94 |[34565 | 334.82 10.83
1,2,3-Trimethylbenzene training | 0.73 0.61 0.00 0.19 1.14 [ 248.15 | 259.40-11.25
1-Nonene training | 0.09 0.08 0.00 0.07 1.33 | 192.15 | 180.81] 11.34
Cyclohexene fraining | 0.40 0.20 0.00 0.10 0.80 | 169.15 180.64]-11.49
o-Hydroxybenzamide krainin: 1.14 1.50 0.59 0.53 1.03 | 415.15 | 403.64] 11.51
3.4-Dichioronitrobenzene training | 1.17 1.22 0.00 0.19 114 | 314.35 | 325.97]-11.62
2-Methyinapthalene training 1.30 0.92 0.00 0.20 123 {30775 | 319.92-12.17
Ethane training { 0.00 0.00 0.00 0.00 0.39 | 10115 | 113.67-12.52
m-Xylene raining | 0.62 0.52 0.00 0.16 1.00 | 225.28 | 238.25-12.97
Methylacetate kraining | 0.14 0.64 0.00 0.45 061 | 17515 | 188.324-13.17
\,N-Dimethylacetamide krainin 0.36 1.33 0.00 0.78 0.79 | 253.15 | 239.94] 13.21
Isoamylacetate training | 0.05 0.57 0.00 0.47 1.17 | 195.15} 208.37]-13.22
2,4,6-Trinitrotoluene raining | 1.43 2.23 0.00 0.61 1.38 | 353.25 | 339.74 13.51
Acetanifide training | 0.87 1.36 0.46 0.69 1.11 | 387.15 | 373.61 13.54
ibenzyl fraining | 1.22 1.04 0.00 0.33 161 [ 325.15 | 339.14-13.99
1-Chloroheptane training | 0.19 0.40 0.00 0.10 1.22 | 20415 | 218.531-14.38
benzo(a)fiuorene training | 2.62 1.59 0.00 0.23 1.73 | 460.15 | 44551 14.64
2-Ethyl-1-butanol training | 0.23 0.39 0.37 0.48 1.01 | 268.15 | 243.46 14.69
2,6-Dichlorophenol raining | 0.90 0.90 0.38 0.24 1.02 | 340.15 | 32542 14.73
2,3,4,6-Tetrachlorophenol kraining { 1.10 0.87 0.50 0.15 1.26 | 343.15 | 358.24/-15.09
3,4-Dimethyipyridine fraining | 0.68 0.85 0.00 0.62 0.96 {261.15 | 246.000 15.15
1,4-Benzenediol Eaining 1.00 1.00 1.16 0.60 0.83 | 445.15 | 460.33-15.18
Methane training { 0.00 0.00 0.00 0.00 025 | 90.15 105.54) -15.39
3-Hexyne training { 0.22 0.30 0.00 0.16 0.87 | 170.15 | 185.69 -15.54
Phenylaceticacid training { 0.73 0.97 0.60 0.61 1.07 | 34965 | 365.41|-15.76
Benzonitrile fraining | 0.74 1.11 0.00 0.33 0.87 |260.15 | 276.04{-15.89
2-Chloro-2-Methylbutane kraining 0.17 0.25 0.00 0.08 0.94 | 200.15 184.08] 16.07
2.4,6-Trichlorophenol aining | 1.01 0.80 0.68 0.15 1.14 | 34215 | 358.26/-16.11
Dibutylamine training { 0.11 0.30 0.08 0.69 1.34 | 211.15 | 194.59 16.56
Methylformate kraining | 0.19 0.68 0.00 0.38 0.46 | 173.15 | 189.92-16.77
1-Heptanoi training | 0.21 0.42 0.37 0.48 1.15 | 237.15 | 253.96(-16.81
trans-2-Pentene training | 0.13 0.08 0.00 0.07 0.77 | 133.15 | 150.13-16.98
Ethylamine training | 0.24 0.35 0.16 0.61 049 | 192.15 | 174.80 17.35
Azobenzene training | 1.68 1.20 0.00 0.44 148 | 341.65 | 359.25-17.60
2-Nonanol training | 0.17 0.36 0.33 0.56 1.44 | 237.65 | 255.45-17.80
1-Decene training | 0.09 0.08 0.00 0.07 1.47 | 206.95 | 189.10 17.85
Methyl4-aminobenzoate training { 1.08 1.52 0.32 0.59 1.17 | 385.05 | 367.19 17.90
Acetone training | 0.18 0.70 0.04 0.49 055 | 178.35 | 196.37]-18.02
1-Bromooctane training { 0.34 0.40 0.00 0.12 1.41 | 218.15 | 236.25-18.10
1,3,5-Trimethylbenzene kraining | 0.65 0.52 0.00 0.19 1.14 | 228.15 | 246.27]-18.12
Styrene training | 0.85 0.65 0.00 0.16 0.96 | 242.15 | 260.33-18.18
ethoxybenzaidehyde training | 0.92 1.18 0.00 0.53 1.07 | 272.15 | 290.85-18.70
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Tetrahydrofuran training | 0.29 0.52 0.00 0.48 0.62 | 164.75 | 183.54-18.79
R-Nonanone kraining | 0.12 0.68 0.00 0.51 1.39 | 252.15 | 233.32 18.83
4-Methylbiphenyl training | 1.36 0.98 0.00 0.26 147 | 318.65 | 337.83-19.18
2-Methyt-1-Pentene fraining-| 0.09 0.08 0.00 0.07 091 | 137.15 | 156.400-19.25
Cortisone ' ining | 1.96 3.50 0.36 1.87 275 [ 388.15 | 407.71}-19.56
2,3-Dimethylpyridine kraining 0.66 0.77 0.00 0.62 096 | 258.15 | 238.57] 19.58
Dibenzofuran iraining 1.41 1.02 0.00 0.17 1.27 | 356.15 | 336.27] 19.88
Propylacetate kraining 0.09 0.60 0.00 045 0.89 | 178.15 | 198.16/-20.01
Thianthrene kraining 2.32 1.40 0.00 0.35 1.54 | 428.45 | 408.36 20.09
hexacosae iraining 0.00 0.00 0.00 0.00 3.77 ] 329.15 | 308.95 20.20
1-lodoheptane ini 0.61 0.40 0.00 0.15 1.36 | 225.15 | 245.40,-20.25
1,3-Diphenylurea raining | 1.72 1.80 0.85 0.73 1.68 | 511.95 | 532.23/-20.28
Benzamide training | 0.99 1.50 0.49 0.67 0.97 | 401.15 | 380.82 20.33
1,1,1-Trichloroethane kraining | 0.37 0.41 0.00 0.09. 0.76 | 223.15 [ 202.69 20.46
Pyrene kraining | 2.81 1.7 0.00 0.28 1.568 | 425.15 | 446.09-20.94
-Nitroanisole fraining | 0.97 1.29 0.00 0.40 1.09 | 327.15 | 305.92 21.23
Caprinicacid krainin 0.12 0.60 0.60 0.45 1.59 | 304.55 | 326.22-21.67
Ethylcyclohexane kraining 0.26 0.10 0.00 0.00 1.13 | 162.15 | 184.06{-21.91
Phenacetin training | 0.93 0.92 0.87 0.53 0.99 |428.15 | 405.89 22.26
1,4-Diethylbenzene training | 0.65 0.50 0.00 0.18 1.28 | 230.15 | 252.59-22.44
1-Hexene kraining | 0.08 0.08 0.00 0.07 0.91 | 133.33 | 155.78 -22.45
1,2,4-Trimethylbenzene kraining | 0.68 0.56 0.00 0.19 1.14 | 229.15 | 251.82-22.67
B3,5-Dimethylpyridine training | 0.66 0.79 0.00 0.60 0.96 | 264.15 | 241.31]| 22.84
2,4-Dimethylpyridine training | 0.63 0.76 0.00 0.63 0.96 | 213.15 [ 236.04)-22.89
Ethylbutyrate kraining | 0.07 0.58 0.00 0.45 1.03 | 180.15 | 203.09-22.94
2-Bromonapthalene rainin 1.61 1.13 0.00 0.15 1.26 | 330.15 | 353.48-23.33
Benzaidehyde raining | 0.82 1.00 0.00 0.39 0.87 | 247.15 | 270.5§-23.43
Dodecanoicacid trainin 0.08 0.60 0.60 0.45 1.87 | 316.35 | 340.37]-24.02
Butabarbital kraining | 1.03 1.11 0.47 1.23 1.66 | 441.15 | 416.76| 24.39
Trichloroethylene trainin 0.52 0.37 0.08 0.03 0.71 | 188.35 | 212.77|-24.42
1-Hexano! grainin 0.21 0.42 0.37 0.48 1.01 | 221.15 | 245.77|-24.62
Acetamide trainin 0.46 1.30 0.54 0.68 0.51 | 354.15 | 329.01| 25.14
Pyrrole raining | 0.61 0.73 0.41 0.29 0.58 | 249.75 | 275.41| -25.66
o-Nitroanisole hmnﬂ 0.97 1.34 0.00 0.38 1.09 | 282.65 | 308.78 -26.13
Trimethylamine kraininj 0.14 0.20 0.00 0.67 0.63 | 156.15 | 129.59 26.57
1,2-Benzenediol training | 0.97 1.07 0.85 0.52 0.83_ | 378.15 | 404.83|-26.68
Pentobarbital training | 1.03 1.1 0.47 1.23 1.80 | 398.15 | 424.90-26.75
2-Chiorophenol kraining 0.85 0.88 0.32 0.31 0.90 { 281.15 | 307.91{-26.76
2,2-Dimethylbutane hrainianL 0.00 0.00 0.00 0.00 0.95 | 173.15 | 146.22 26.93
2-Methylpentane training | 0.00 0.00 0.00 0.00 0.95 | 119.15 | 146.22-27.07
2,3,6-Trichlorophenol training § 1.01 0.88 0.62 0.15 1.14 | 331.15 | 358.7§ -27.61
Heptane training | 0.00 0.00 0.00 0.00 1.09 | 182.15 | 154.3§ 27.79
Thymol training | 0.82 0.79 0.52 0.44 1.34 | 32465 | 353.12-28.47
1-Chloropentane training | 0.21 0.40 0.00 0.10 0.94 | 174.15 | 202.99-28.84
droxybenzaldehyde ining | 1.01 1.54 0.85 0.37 0.93 | 389.15 | 418.99-29.84
1-Chlorohexane raining { 0.20 0.40 0.00 0.10 1.08 | 179.15 | 210.7§ -31.61
Hexane raining | 0.00 0.00 0.00 0.00 0.95 |178.15 | 146.22 31.93
2-Bromotoluene kraining | 0.92 0.72 0.00 0.09 1.03 | 246.15 | 278.3§-32.23
1-Bromohexane fraining | 0.35 0.40 0.00 0.12 1.13 | 188.15 | 220.49-32.34
3-Pentanone kraining | 0.15 0.66 0.00 0.51 0.83 | 233.15 | 200.7§ 32.39
2-Octanone kraining § 0.11 0.68 0.00 0.51 1.25 | 257.15 | 224.62 32.53
3,5-Dichlorophenol training | 1.02 1.00 0.9 0.00 1.02 | 341.15 | 374.37]-33.22
benzophenone training | 1.45 1.50 0.00 0.50 1.48 | 32165 | 355.30 -33.65
1,1-Dichloroethane raining | 0.32 0.49 0.10 0.10 0.64 | 176.17 | 210.27|-34.10
Diphenylether lkraining 1.22 1.08 0.00 0.19 1.38 | 301.15 | 335.32(-34.17
m-Nitrophenol ltraining 1.05 1.57 0.79 0.23 0.95 | 370.15 | 404.40,-34.25
Methylcyclopentane training | 0.23 0.10 0.00 0.00 0.85 | 131.16 165.82} -34.67
Bromoethane training | 0.37 0.40, | 0.00 0.12 0.57 | 154.15 | 188.83-34.68
Diphenylmethane training 1.22 1.04 0.00 0.33 1.47 | 296.15 331.00 -34.85
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t-Butylbenzene training | 0.62 0.43 0.00 0.18 1.28 | 215.15 | 250.18-35.03
cis1,2-Dichioroethylene training | 0.44 0.61 0.11 0.05 0.59 | 193.15 [ 228.35-35.20
1,1-Dichioroethylene fraining | 0.36 0.34 0.00 0.05 0.59 | 16115 | 186.63{-35.48
1,2,3,4-Tetrahydronapthalene ining | 0.89 0.65 0.00 0.17 1.17 | 238.15 | 274.501-36.35
2-Phenoxyethanol kraining | 0.85 0.95 0.30 0.78 1.12_ | 285.15 | 322.03-36.88
1-Chloropropane fraining | 0.22 0.40 0.00 0.10 065 |150.15 | 187.13/-36.98
2,3,5-Trichlorophenol hraining 1.07 0.94 068 0.16 1.14 | 335.15 | 372.5§-37.40
Pentamethylbenzene haining 0.85 0.66 0.00 0.21 142 | 323.95 | 285.76 38.19
5-Nonanone kraining { 0.10 0.66 0.00 0.51 1.39 | 269.25 | 230.66| 38.59
Theophyiline training | 1.50 1.60 0.54 1.34 1.22 | 495.15 | 456.47| 38.68
Diiodobenzene training { 1.80 1.15 0.00 0.14 1.23 | 402.15 | 363.31] 38.84
Bromotrichloromethane fraining | 0.64 0.46 0.00 0.00 0.79 | 267.45 | 228.51] 38.94
luorene training | 1.59 1.06 0.00 0.25 1.36 | 387.95 | 348.96 38.99
{Aniline training | 0.96 0.96 0.26 0.41 0.82 | 267.15 | 306.16-39.01
0,10-Dimethylanthracene fraining | 2.29 1.30 0.00 0.32 1.74 | 455.15 | 416.02 39.13
indan haining 0.83 0.62 0.00 0.15 1.03_ | 22215 | 261.29-39.14
1,2-Dibromobenzene kraining | 1.19 0.96 0.00 0.04 1.07 1 27495 | 315.42-40.47
4-Bromophenol _ kraining { 1.08 1.17 0.67 0.20 0.95 | 336.65 | 377.21)-40.56
itroaniline kraining 1.22 1.91 042 0.38 0.99 §420.95 | 379.84 41.11
n-Docosane ining | 0.00 0.00 0.00 0.00 321 | 317.55 | 276.41]| 41.14
Chioropicrin ining | 046 0.84 0.00 0.09 0.79 | 209.15 | 250.45 -41.30
1,5-Hexadiene training | 0.19 0.20 0.00 0.10 0.87 | 13215 | 173.85-41.70
3-Methyl-1-Butene training { 0.06 0.08 0.00 0.07 077 [105.15 | 146.86-41.71
Benzo(b)fluoranthene kraining | 3.19 1.82 0.00 0.40 1.95 | 440.15 | 481.90-41.75
1-Hexyne kraining | 0.17 0.22 0.10 0.12 0.87 [ 141.15 | 183.27]-42.12
Fluoranthene kraining | 2.38 1.55 0.00 0.24 1.58 | 380.95 | 423.41]-42.46
4-Aminobenzoicacid raining { 1.08 1.57 0.90 0.65 1.03 | 418.15 | 461.024-42.87
Tetrachloromethane kraining | 0.46 0.38 0.00 0.00 0.74 | 250.16 | 207.22 42.94
Nitroethane training { 0.27 0.95 0.02 0.33 0.56 | 183.15 [ 226.30-43.15
5-(3-Methyl-2-butenyl)-5-isoPrbarbital fraining | 1.16 1.17 0.49 1.30 1.89 | 40445 | 447.77)-43.32
[1,3-Dinitrobenzene kraining | 1.15 1.60 0.00 0.47 1.06 | 363.05 | 319.41| 43.64
Morphine training | 1.79 1.25 0.42 1.86 206 | 440.15 | 484.221-44.07
4-Methyl-2-pentanol trainin 0.17 0.33 0.33 0.56 1.01 | 183.15 | 227.44/-44.29
Propylene training | 0.10. | 0.08 0.00 0.07 049 | 88.15 132,66 -44.51
Benzo(j)fluoranthene fraining { 3.19 1.91 0.00 0.35 1.95 | 438.65 483.72 45.07
2-Decanone krainin 0.11 0.68 0.00 0.51 1.63 | 287.15 | 240.89 46.26
2-Nitropropane training | 0.22 0.92 0.00 0.33 0.71 | 180.15 | 227.04)-46.89
1,1,1,2-Tetrachioroethane fraining | 0.54 0.63 0.10 0.08 0.88 | 202.95 | 250.59-47.64
2-Bromobenzoicacid kraining | 1.00 0.87 0.63 0.53 1.11 | 423.15 | 375.28 47.87
jo-Bromoiodobenzene fraining | 1.52 1.03 0.00 0.03 1.15 | 294.15 | 342.37{-48.22
Octylamine training | 0.19 0.35 0.16 0.61 1.34 | 270.15 | 221.08| 49.07
Nonane training { 0.00 0.00 0.00 0.00 138 | 220.15 | 170.63 49.52
loronitrobenzene kraining | 0.98 1.18 0.00 0.20 1.01 | 356.45 | 306.70) 49.75
Eicosane kraining | 0.00 0.00 0.00 0.00 293 |309.95 | 260.13 49.82
1,3,5-Tribromobenzene raining | 145 0.98 0.00 0.00 124 | 392.75 | 342.33 50.42
1,4-Dichiorobenzene kraining { 0.83 0.75 0.00 0.02 096 | 326.25 | 275.24) 51.01
Corticosterone kraining | 1.86 3.43 0.40 1.63 274 | 37116 | 422.33-51.18
3-Chlorophenol kraining { 0.91 1.06 0.69 0.15 0.90 | 305.95 | 358.27|-62.32
Eicosanoicacid training | 0.01 0.60 0.60 0.45 3.00 | 348.25 | 401.41-53.16
n-Nonadecane kraining § 0.00 0.00 0.00 0.00 279 | 30525 | 252.00 53.25
Tetrabromomethane training | 1.19 0.94 0.00 0.00 095 | 363.25 | 309.25 54.00
Bromochloromethane training | 0.54 0.80 0.01 0.06 055 | 185.15 | 239.61|-54.46
0-Chlorobenzoicacid training | 0.84 0.87 0.63 0.46 1.05 | 41515 | 360.47) 54.68
N,N-Diethylaniline training | 0.95 0.80 0.00 0.41 1.38 | 235.16 | 291.11|-565.96
Succinicacid training | 0.37 1.36 0.85 0.70 0.82 | 458.15 | 402.00} 56.15
butyl4-aminobenoate training | 1.02 1.47 0.32 0.59 1.60 | 331.05 | 387.29 -56.24
3-Methylphenol training | 0.82 0.88 0.57 0.34 092 | 282.15 | 338.81-56.66
n-Octadecane raining | 0.00 0.00 0.00 0.00 264 | 30135 243.86 5749
1-lodonapthalene kraining | 1.93 1.22 0.00 0.16 1.34 | 437.15 | 378.88 58.27
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utan-2-ol jraiml\g 0.22 0.36 0.33 0.56 0.73 | 158.15 | 217.31-59.16
2-Methyipropan-1-ol kraining 0.22 0.39 0.37 0.48 0.73 | 165.15 | 226.46-61.31
1,3-Benzenediol ining | 0.98 1.00 1.10 0.58 0.83 | 383.15 | 446.85-63.70
1,3,5-Trinitrobenzene training { 143 223 0.00 0.61 124 [ 39565 | 331.61] 64.04
Decane training | 0.00 0.00 0.00 0.00 1.52 | 243.15 | 178.77] 64.38
1-Chloronapthalene training | 1.42 1.05 0.00 0.13 1.21 | 270.85 | 336.78 -65.93
Perylene kraining | 3.26 1.76 0.00 0.42 1.95 | 550.15 |- 484.06 66.09
m-Toluidine training | 0.95 0.95 0.23 0.45 0.96 | 241.65 | 308.52-66.87
Tetradecane ining | 0.00 0.00 0.00 0.00 2.08 | 278.65 | 211.31 67.34
Butylbenzene training | 0.60 0.51 0.00 0.15 1.28 | 185.15 | 252.78 -67.63
5-Ethyl-5-isopropytbarbituricacid fraining | 1.03 1.11 0.47 1.20 1.51 | 47715 | 407.89 69.26
B3,3-Diethyipentane kraining 0.00 0.00 0.00 0.00 1.38 | 240.05 | 170.63] 69.42
m-Chloroaniline training | 1.05 1.10 0.30 0.30 094 | 263.15 | 332.80 -69.65
1-Ethylnaphthalene kraining | 1.37 0.88 0.00 0.20 1.37 | 258.65 | 328.60 -69.95
m-Chlorobenzoicacid fraining | 0.84 0.95 0.65 0.30 1.05 |431.15 | 360.70 70.45
Thiourea frainin: 0.84 0.82 0.77 0.87 0.57 | 449.15 | 378.19 70.96
3,3-Dimethyi-2-butanone hraining 0.11 0.62 0.00 0.51 0.97 | 277.95 | 202.63 75.32
1-Propanol llmining 0.24 0.42 0.37 0.48 0.59 | 146.16 | 222.71)-76.56
Decalin ining { 0.51 0.25 0.00 0.00 1.30 | 148.15 | 226.40/-78.25
Dichloroaceticacid kraining | 0.48 1.20 0.90 0.27 0.71 | 283.95 | 364.07]-80.12
Cycloheptane kraining { 0.35 0.10 0.00 0.00 0.99 | 261.15 | 180.44{ 80.71
1,1,2-Trichlorotrifluoroethane training | 0.01 0.13 0.00 0.00 0.81 | 238.15 [ 156.77] 81.38
Secobarbital kraining 1.16 1.20 0.49 1.31 1.89 368.15 449.58] -81.43
ydroxybenzoicacid kraining | 0.93 0.92 0.87 0.53 0.99 | 487.65 | 40591 81.74
5,5-Diisopropylbarbital training | 1.03 1.08 0.47 1.23 1.66 | 500.65 | 415.04{ 85.61
Glycerol fraining 0.51 0.90 0.70 1.14 0.71 291.35 377.04{ -85.69
1,2,4,5-Tetramethylbenzene raining | 0.74 0.60 0.00 0.19 1.28 | 353.15 | 267.14] 86.01
Anthracene raining | 2.29 1.34 0.00 0.28 1.45 | 489.45 | 403.28 86.17
7,12-dimethylbenz(a)anthracene training | 2.99 1.65 0.00 0.35 211 | 395.15 | 481.65-86.50
Procaine kraining | 1.14 1.67 0.32 1.36 1.98 | 511.15 | 420.24 90.91
N-Ethylaniline training | 0.95 0.85 0.17 0.43 1.10 | 210.15 [ 301.15-91.00
Urea training | 0.50 1.00 0.50 0.90 046 | 405.85 | 312.14) 93.71
2,2-Dimethylipropanol training | 0.22 0.36 0.37 0.53 0.87 | 326.15 | 231.73{ 94.42
o-Toluidine kraining | 0.97 0.92 0.23 0.45 0.96 | 403.15 | 307.44 95.70
Toluicacid training | 0.73 0.90 0.60 0.40 1.07 [ 381.15 | 351.03 30.12
Aspirin training | 0.78 0.80 0.49 1.00 1.29 | 411.15 | 360.19 50.96
5,5-Dimethylbarbituricacid training | 1.03 1.17 0.46 1.18 1.09 | 429.15 383.64) 45.51
2-Undecanol test 0.16 0.36 0.33 0.56 1.72 | 275.65 | 274.96 | 0.69
2-Bromopropane kest 0.33 0.35 0.00 0.14 0.71 | 184.15 | 184.87 | -0.72
1,3-Butadiene hest 0.32 0.23 0.00 0.10 0.59 164.15 | 163.09 | 1.06
o-Chloronitrobenzene hest 1.02 1.24 0.00 0.23 1.01 | 305.15 | 306.36 | -1.21
Ibuprofen est 0.70 0.92 0.60 0.60 1.78 | 402.15 | 400.92 | 1.23
Bromomethane kest 0.40 0.43 0.00 0.10 0.42 179.15 | 180.63 | -1.48
Methylbenzoate Itest 0.73 0.85 0.00 0.46 1.07 | 261.15 | 262.76 | -1.61
Dimethylether ]test 0.00 0.27 0.00 0.41 045 | 131.65 | 129.85 | 1.80
2-Napthol ltest 1.52 1.08 061 | 040 1.14 | 394.15 | 39597 | -1.82
1-Octanol jest 0.20 0.42 0.37 0.48 1.30 | 258.15 | 260.02 | -1.87
5-Allyl-5-ethylbarbital kest 1.16 1.23 0.49 1.26 1.47 | 435.15 | 433.22 | 1.93
Trichloromethane kest 043 0.49 0.15 0.02 0.62 | 209.65 | 212.21 | -2.56
Ethylacetate Itest 0.11 0.62 0.00 0.45 0.75 | 189.15 | 192.02 | -2.87
1-Heptyne kest 0.16 0.23 0.09 0.10 1.01 192.15 | 189.20 | 2.95
Pyridine Ilest 0.63 0.84 0.00 0.52 0.68 | 231.15 | 228.15 | 3.00
D-Methylpropene kest 0.10 0.08 0.00 0.07 0.63 | 133.15 | 136.26 | -3.11
Cyclohexanone kat 0.40 0.86 0.00 0.56 0.86 | 226.15 | 229.37 | -3.22
3,5-Dimethyiphencl fest 0.82 0.84 0.57 0.36 1.06 | 337.15 | 333.73 | 3.42
2,3,4-Trichlorophenol kest 1.07 0.96 0.70 0.15 1.14 353.15 | 356.63 | -3.48
Phenol kest 0.81 0.89 0.60 0.30 0.78 | 314.05 | 317.57 | -3.52
2,4-Dimethylpentane fest 0.00 0.00 0.00 0.00 1.09 | 150.15 | 163.71 | -3.56
B,4-Dimethyiphenol |test 0.83 0.86 0.56 0.39 1.06 340.15 | 336.38 { 3.77
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1-Octyne hest 0.16 0.22 0.09 0.10 1.15 193.15 | 196.96 | -3.81
2,3-Dichlorophenol kest 0.96 0.94 0.48 0.20 1.02 | 332.15 | 328.10 | 4.05
1,2-Diethoxyethane kest 0.01 0.73 0.00 0.79 1.07 199.15 | 203.40 | -4.25
-Nitrophenol kest 1.07 1.72 0.82 0.26 0.95 | 386.15 | 390.56 | 4.41
1,1,2-Trichloroethane kest 0.50 0.68 0.13 0.13 0.76 | 236.15 | 240.70 | -4.55
1-Methylphenanthrene ltest 2.06 1.25 0.00 0.29 1.60 | 396.15 | 391.39 | 4.76
1-Pentyne Eest 0.17 0.23 0.12 0.12 0.73 | 167.65 | 172.59 | 4.94
n-Pentacosane kest 0.00 0.00 0.00 0.00 3.63 | 326.85 | 321.29 | 5.56
Amobarbital hest 1.03 1.11 0.47 1.23 1.80 | 430.15 | 435.77 | -5.62
o-Xylene kest 0.66 0.56 0.00 0.16 1.00 | 247.97 | 242.30 | 5.67
ethylpropionate hest 0.13 0.60 0.00 0.45 0.75 | 185.15 | 191.10 | -5.95
thoxyphenol kest 0.84 0.91 0.22 0.52 097 | 301.15 | 294.24 | 6.91
2-Pentanone ltest 0.14 0.68 0.00 0.51 0.83 | 195.15 | 202.12 | -6.97
Dibenzothiophene kest 1.96 1.31 0.00 0.20 1.38 | 370.95 | 379.08 | -8.13
henylphenol }est 1.56 1.41 0.59 0.45 1.38 | 437.65 | 428.53 | 9.12
2,4-Dichlorophenol ﬁest 0.96 0.84 0.53 0.19 1.02 | 315.15 | 324.33 | -9.18
D-Methy-2-Butene  fest 016 | 008 | 000 | 007 | 077 | 139.15 | 148.36 | -9.21
2-Butanone kest 0.17 0.70 0.00 0.51 0.69 186.15 | 195.72 | -9.57
1-Heptene kest 0.09 0.08 0.00 0.07 1.05 | 154.15 | 163.81 | -9.66
Cyclooctanol kest 0.57 0.54 0.32 0.58 1.19 287.65 | 277.92 | 9.73
Pentafluorophenol kest 0.36 0.83 0.79 0.09 0.86 305.95 | 295.62 | 10.33
2,4,5-Trichiorophenol ltest 1.07 0.92 0.73 0.10 1.14 | 341.15 | 351.51 |-10.36
2-Methyl-1-Butene kest 0.12 0.08 0.00 0.07 0.77 136.15 | 146.52 |-10.37
henanthrene hest 2.06 1.29 0.00 0.29 1.45 | 373.15 | 383.70 |-10.55
4-Methylheptane kest 0.00 0.00 0.00 0.00 1.24 | 152.15 | 163.02 |-10.87
1,2,3,5-Tetrachlorobenzene hest 1.16 0.85 0.00 0.00 1.21 | 323.85 | 312.87 | 10.98
lodomethane iest 0.68 0.43 0.00 0.13 0.51 209.15 | 197.83 | 11.32
Propylamine kest 0.23 0.35 0.16 0.61 0.63 | 190.15 | 178.74 | 11.41
n-Tetracosane host 0.00 0.00 0.00 0.00 349 | 324.05 | 311.98 | 12.07
Mannitol ltest 0.84 1.80 0.70 1.92 1.31 545.15 | 533.05 | 12.10
Chloroaceticacid Itest 0.37 1.08 0.74 0.36 0.59 | 329.15 | 316.86 | 12.29
Thiophene kest 0.69 0.57 0.00 0.15 0.64 | 233.75 | 221.31 | 12.44
Diphenylamine kest 1.59 0.88 0.10 0.57 1.42 326.15 | 338.62 |-12.47
Acetonitrile Itest 0.24 0.90 0.07 0.32 0.40 | 225.15 | 212.68 | 12.47
2-Methylpropane kest 0.00 0.00 0.00 0.00 0.67 | 113.15 | 125.77 |-12.62
Methacrylicacid [test 0.35 0.60 0.62 0.41 0.70 289.15 | 276.28 | 12.87
4-Methyl-2-pentanone }est 0.11 0.65 0.00 | 0.51 0.97 | 193.15 | 207.12 |-13.97
3,4-Dichlorophenol hest 1.02 1.14 0.85 0.03 1.02 | 340.15 | 354.28 {-14.13
P-Methylphenol kest 0.84 0.86 0.52 0.30 0.92 | 304.05 | 318.19 |-14.14
3-Methyl-3-pentanol jest 0.21 0.30 0.31 0.60 1.01 | 235.15 [ 220.86 | 14.29
1-Bromoheptane hest 0.34 0.40 0.00 0.12 1.27 215.15 | 229.47 |-14.32
1,2-Dichloroethane Itest 0.42 0.64 0.10 0.11 0.64 | 237.79 | 223.41 | 14.38
Ethylcaprylate kest 0.02 0.58 0.00 0.45 1.59 | 225.65 | 240.06 |-14.41
Cyclopentene kest 0.34 0.20 0.00 0.10 0.66 | 179.15 | 164.73 | 14.42
Benzo(k)fluoranthene test 3.19 1.91 0.00 0.33 1.95 | 490.15 | 475.66 | 14.49
Tribromomethane 0.97 0.68 0.15 0.06 0.77 | 281.45 | 266.89 | 14.56
4-Chlorotoluene est 0.71 0.74 0.00 0.05 0.98 | 280.15 | 265.12 | 15.03
Acenapthylene est 1.75 1.14 0.00 0.26 1.22 | 363.15 | 348.11 | 15.04
Phenylthiourea }est 1.25 1.72 0.49 0.78 1.18 | 422.15 | 407.05 | 15.10
Cyclopropane lt%t 0.41 0.23 0.00 0.00 0.42 | 145.75 | 161.04 |-15.29
Biphenyl kest 1.36 0.99 0.00 0.26 1.32 | 343.65 | 328.12 | 15.53
-Cresol jest 0.82 0.87 0.57 0.31 0.92 | 307.95 | 323.67 |-15.72
Methylaniline kest 0.92 0.95 0.23 0.45 0.96 | 317.65 | 301.56 | 16.09
5-Allyl-5-methylibarbital hest 1.16 1.23 0.49 1.26 1.33 | 440.15 | 423.91 | 16.24
Ethylene kest 0.11 0.10 0.00 0.07 0.35 | 104.15 | 120.84 |-16.69
1,2-Diethylbenzene Itest 0.69 0.54 0.00 0.18 1.28 | 242.15 | 259.11 [-16.96
[Triethylamine kest 0.10 0.15 0.00 0.79 1.05 | 158.15 | 141.18 | 16.97
lo-Aminobenzoicacid |test 1.08 1.63 0.69 0.47 1.03 | 418.15 | 401.08 | 17.07
1-Nonyne ltest 0.15 0.22 0.09 0.10 1.29 | 223.15 | 206.03 { 17.12
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m-Nitrobenzoicacid kest 0.99 1.08 0.76 0.52 1.1 415.15 | 397.97 | 17.18
Methylamine kest 0.25 0.35 0.16 0.58 0.35 | 179.65 | 161.77 | 17.88
n-Tricosane kest 0.00 0.00 0.00 0.00 3.35 | 320.75 | 302.67 | 18.08
2-Heptanone llest 0.12 0.68 0.00 0.51 1.1 238.15 | 219.80 | 18.35
Dimethyldisulfide Itest 0.70 0.44 0.00 0.28 0.72 ] 188.15 | 206.83 |-18.68
2 4-Dinitrotoluene kest 1.15 1.60 0.00 0.47 1.21 342.75 | 324.04 | 18.71
2-Fluorotoluene kesl 0.49 0.57 0.00 0.10 0.88 | 210.65 | 229.81 |-19.16
Chlorocbenzene kest 0.72 0.65 0.00 0.07 0.84 | 228.15 | 247.36 [-19.21
m-Chloronitrobenzene hest 1.00 1.14 0.00 0.25 1.01 319.15 | 299.76 | 19.39
1,2-Dichlorobenzene kest 0.87 0.78 0.00 0.04 0.96 | 256.15 | 275.65 |-19.50
2-lodopropane Jest 0.62 0.35 0.00 0.17 0.79 183.15 | 202.69 {-19.54
Methylcyclohexane kwt 0.24 0.06 0.00 0.00 0.99 | 147.15 | 166.97 |-19.82
R-Chloropropane est 0.18 0.35 0.00 0.12 0.65 155.15 | 174.99 |-19.84
2,5-Dimethyiphenol kest 0.84 0.79 0.54 0.37 1.06 | 347.95 | 327.84 | 20.11
Dibromomethane kest 071 | 069 | 011 [ 007 | 060 |221.15 | 241.46 |-20.31
B,3-Dimethyt-1-butanol Fest 0.19 0.36 0.37 0.48 1.01 213.15 | 233.81 |-20.66
Pentachiorobenzene kest 133 | 0.96 0.00 0.00 1.33 | 357.65 [ 336.94 | 20.71
1-Phenylethanol kest 0.78 0.83 0.30 0.66 1.06 | 283.15 | 303.97 |-20.82
IThiophenol kest 1.00 0.80 0.09 0.16 0.88 258.25 | 279.20 {-20.95
Diethylsulfide hest 0.37 0.38 0.00 0.32 0.84 169.25 | 190.67 |-21.42
2-Chiorotoluene kest 0.76 0.65 0.00 0.07 0.98 237.15 | 258.74 |-21.59
1-Napthol kest 1.52 1.05 0.60 0.37 1.14 | 369.15 | 391.03 [-21.88
1,3-Dichlorobenzene kest 0.85 0.73 0.00 0.02 0.96 249.15 | 271.12 [-21.97
lo-Nitrotoluene hest 0.87 1.11 0.00 0.28 1.03 | 269.65 | 291.68 |-22.03
Bromodichloromethane kest 0.59 0.69 0.10 0.04 0.67 [218.15 | 240.59 |-22.44
Bromobenzene hest 0.88 0.73 0.00 0.09 0.89 | 242.15 | 264.94 |-22.79
1-Nitronapthalene Test 1.60 1.51 0.00 0.29 1.26 332.65 | 355.73 |-23.08
Nitromethane kest 0.31 0.95 0.06 0.31 0.42 | 244.15 | 220.38 | 23.77
2,4,6-Trimethylphenol test 0.86 0.79 0.37 0.44 1.20 | 345.15 | 320.31 | 24.84
Dimethyiphthalate |test 0.78 1.40 0.00 0.84 1.43 275.45 | 300.25 |-25.10
5-Allyl-5-isopropylbarbital kest 1.16 1.20 0.49 1.31 1.61 | 418.15 | 443.47 (-25.32
o-Nitrophenol est 1.02 1.05 0.05 0.37 0.95 | 317.15 | 291.45 | 25.70
Isobutylbenzene test 0.58 0.47 0.00 0.15 1.28 | 222.15 | 247.89 {-25.74
4-Chlorophenol ﬁest 0.92 1.08 0.67 0.20 0.90 ] 316.35 | 342.39 {-26.04
4-Bromotoluene hest 0.88 0.74 0.00 0.09 1.03 301.15 | 274.96 | 26.19
Tetrachioroethylene kest 0.64 0.44 0.00 0.00 0.84 | 251.15 | 224.95 | 26.20
1,2,3-Trichlorobenzene kest 1.03 0.86 0.00 0.00 1.08 | 325.75 | 299.41 | 26.34
Dexamethasone hest 2.04 3.51 0.71 1.92 2.91 536.15 | 562.57 |-26.42
1,2-Dibromoethane kest 0.75 0.76 0.10 0.17 0.74 | 282.15 | 255.16 | 26.99
2,3,4,5-Tetrachlorophenol - kest 1.17 0.88 0.70 0.13 1.26 389.15 | 362.06 | 27.09
lacenapthene hest 1.60 1.05 0.00 0.22 126 | 368.15 | 340.88 | 27.27
IAceticacid est 0.27 0.65 0.61 0.44 046 | 289.75 | 261.96 { 27.79
Isobutylacetate est 0.05 0.57 0.00 0.47 1.03 174.15 | 202.21 |-28.06
1,5-Dimethinapthalene est 1.37 0.87 0.00 0.20 1.37 | 354.15 | 325.73 | 28.42
Benzo[ghi]perylene kest 4.07 1.90 0.00 045 2.08 | 550.15 | 520.61 | 29.54
romoiodobenzene kest 1.50 0.99 0.00 0.04 1.15 363.25 | 333.30 | 29.95
1-Bromopropane Eest 0.37 0.40 0.00 0.12 0.71 163.15 | 193.32 [-30.17
2,4-Dimethyl-3-pentanone hest 0.07 0.60 0.00 0.51 1.1 240.15 | 209.76 | 30.39
Ethylbenzoate kest 0.69 0.85 0.00 0.46 1.21 239.15 | 269.99 |-30.84
Dichloromethane }est 0.39 0.57 0.10 0.05 0.49 176.15 | 207.47 |-31.32
Propionitrile kest 0.16 0.90 0.02 0.36 0.55 180.15 | 211.51 |-31.36
3-Methylcholanthrene kest 3.26 1.57 0.00 0.48 2.14 | 452.15 | 484.62 |-32.47
1,1,2,2-Tetrachloroethane kest 0.60 0.76 0.16 0.12 0.88 230.15 | 262.63 |-32.48
4-Ethylbenzoicacid kest 0.73 0.90 0.61 0.40 1.21 384.65 | 351.60 | 33.05
-Nitrotoluene llest 0.87 1.11 0.00 0.28 1.03 | 324.95 | 291.87 | 33.08
1-Bromopentane Itest 0.36 0.40 0.00 0.12 0.99 178.15 | 211.47 |-33.32
Methanol est 0.28 0.44 0.43 0.47 0.31 175.15 | 208.56 |-33.41
Quinoline kest 1.27 0.97 0.00 0.54 1.04 | 257.65 | 291.10 {-33.45
2,4-Dimethylphenol fest 0.84 0.80 0.53 0.39 1.06 | 295.15 | 328.73 |-33.58
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Benzyichioride kest 0.82 0.82 0.00 0.33 0.98 | 230.15 | 264.40 |-34.25
o-Chioroanifine kest 1.03 0.92 0.25 0.31 0.94 | 271.65 | 305.93 |-34.28
22,4, 4-Tetramethylpentane kest 0.00 0.00 0.00 0.00 .1.38 | 206.65 | 172.33 | 34.32
lodoethane iest 0.64 0.40 0.00 0.15 065 | 165.15 | 201.07 |-35.92
Butylamine hest 0.22 0.35 0.16 0.61 0.77 | 224.15 | 188.00 | 36.15
Trichloroaceticacid hest 0.59 1.33 0.95 0.28 0.83 | 330.65 | 367.83 |-37.18
1-Pentanol hest 0.22 042 0.37 0.48 0.87 | 195.15 | 233.00 |-37.85
1-lodopropane kest 0.63 0.40 0.00 0.15 0.79 | 172.15 | 210.10 |-37.95
1,3-Dibromobenzene kest 1.17 0.88 0.00 0.04 1.07 | 266.25 | 304.55 |-38.30
2,6-Dimethyipyridine kest 0.61 0.70 0.00 0.63 0.96 | 267.15 | 228.82 | 38.33
Benzo(a)pyrene kst 3.63 1.96 0.00 0.37 1.95 | 454.35 | 493.49 |-39.14
Cyclohexanol iest 0.46 0.54 0.32 0.57 0.90 | 294.15 | 254.14 | 40.01
Benzo(e)pyrene hest 3.63 1.96 0.00 0.35 1.95 | 454.15 | 494.41 [-40.26
Hydroxyprogesterone-17a kat 1.64 3.35 0.25 1.31 2.68 | 405.65 | 365.31 [ 40.34
1,4-Difluorobenzene hest 0.38 0.60 0.00 0.10 0.75 { 260.15 | 219.62 | 40.53
Chloroethane kest 0.23 0.40 0.00 0.10 0.51 134.15 | 174.89 |-40.74
[1-Butanol hest 0.22 0.42 0.37 0.48 0.73 | 183.15 | 223.92 | 40.77
Palmiticacid kest 0.04 0.60 0.60 0.45 244 | 334.95 | 376.00 |-41.05
1-Bromobutane ltest 0.36 0.40 0.00 0.12 0.85 | 161.15 | 202.35 |-41.20
1-Napthylamine Eest 1.67 126 0.20 0.57 1.19 | 322.35 | 364.00 | 41.65
2,3-Dimethyinaphthalene kest 143 0.95 0.00 0.20 1.37 | 376.15 | 33441 { 41.74
1-Chlorobutane kest 0.21 0.40 0.00 0.10 0.79 150.15 | 192.70 | 42.55
jo-Toluicacid fest 0.73 0.90 0.60 0.34 1.07 | 380.15 | 337.08 | 43.07
2,3,5,6-Tetrachlorophenol Est 1.11 0.86 0.46 022 126 | 388.15 | 344.70 | 43.45
benzo(b)fluorene kest 2.62 1.57 0.00 0.24 1.73 | 482.15 | 438.10 | 44.05
Napthalene hest 1.34 0.92 0.00 0.20 1.09 [ 353.45 | 309.40 | 44.05
exylamine ltest 0.20 0.35 0.16 0.61 1.05 | 250.15 [ 205.34 | 44.81
2-Methyi-1,3-Butadiene iest 0.31 0.23 0.00 0.10 0.73 | 127.15 | 172.07 |-44.92
1-Chloro-2-Methylpropane hwt 0.19 0.37 0.00 0.12 0.79 | 142.15 | 187.36 |-45.21
Diethylphthalate hest 0.73 1.40 0.00 0.86 1.71 | 270.15 | 315.54 |45.39
Chlorpheniramine Itest 1.47 1.60 0.00 1.27 221 | 41465 | 368.53 | 46.12
m-Toluicacid kest 0.73 0.90 0.59 0.38 1.07 | 385.15 | 338.57 | 46.58
Toluene ltest 0.60 0.52 0.00 0.14 0.86 | 180.15 | 226.81 | 46.66
1,2-Dichloropropane llest 0.37 0.62 0.00 0.16 0.78 | 173.15 | 219.81 |-46.66
[9-Fluoreneone ]test 1.37 0.91 0.00 0.63 1.37 | 356.35 | 309.30 | 47.05
2-Chlorobiphenyl ltest 1.46 1.14 0.00 0.20 1.45 | 305.25 | 352.46 |-47.21
1-Butene Itest 0.10 0.08 0.00 0.07 0.63 88.15 | 136.26 |-48.11
Ethyleneglycol [!est 0.40 0.90 0.58 0.78 0.51 | 261.65 [ 309.77 {-48.12
1-lodobutane iest 0.63 0.40 0.00 0.15 0.93 | 170.15 | 219.13 | -48.98
m-bromoiodobenzene hest 1.51 0.97 0.00 0.04 1.15 | 282.45 | 332.65 {-50.20
2-Butoxyethanol |lest 0.20 0.50 0.30 0.83 1.07 | 198.15 | 248.37 |-50.22
1,3,5-Trichlorobenzene ltest 0.98 0.73 0.00 0.00 1.08 | 336.65 | 286.40 | 50.25
Xylene jest 0.61 0.52 0.00 0.16 1.00 | 286.41 | 235.77 | 50.64
2-Chlorobutane Itest 0.19 0.35 0.00 0.12 0.79 133.15 | 184.87 {-51.72
Stearicacid kest 0.02 0.60 0.60 0.45 2.72 | 341.95 | 393.68 |-51.73
Barbital jest 1.03 1.14 | 047 1.18 1.37 | 459.15 | 407.32 | 51.83
9-Methylanthracene kest 2.29 1.30 0.00 0.30 1.60 | 352.15 | 404.03 |-51.88
Octane kest 0.00 0.00 0.00 0.00 124 | 216.15 | 163.02 | 563.13
P-Methyl-2-pentanol }est 0.17 0.30 0.31 0.60 1.01 165.15 | 218.93 1-53.78
cis-2-Pentene ltest 0.14 0.08 0.00 0.07 0.77 93.15 | 147.51 |-54.36
P-Isopropyltoluene ]t&st 0.67 0.53 0.00 0.19 1.28 | 202.15 | 256.71 |-54.56
O-Ethylcarbamate ltest 0.29 0.85 0.35 0.64 0.71 | 322.15 | 267.01 | 55.14
2,6-Dimethyinaphthalene Itest 1.33 0.91 0.00 0.20 1.37 | 382.15 | 326.79 | 55.36
3,3-Dimethyi-2-Butanol kest 0.19 0.30 0.33 0.56 1.01 | 277.95 | 222.57 | 55.38
Morpholine kest 0.43 0.79 0.06 0.91 0.72 | 268.45 | 212.95 | 55.50
Undecane [test 0.00 0.00 0.00 0.00 1.66 | 247.15 | 190.95 | 56.20
Ethylbenzene [test 0.61 0.51 0.00 0.15 1.00 | 178.15 | 235.17 |-57.02
1,4-Dibromobenzene |test 1.15 0.86 0.00 0.04 1.07 | 360.45 | 302.10 | 58.35
iethylamine |lest 0.15 0.30 0.08 0.69 0.77 | 223.15 | 163.33 | 59.82
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2-Methyiphenanthrene Fest 2.06 1.25 0.00 0.29 1.60 | 331.15 | 391.39 |-60.24
inophenol |lest 1.15 1.20 0.65 0.81 0.87 | 463.15 | 402.80 | 60.35
Benzene hest 0.61 0.52 0.00 0.14 0.72 | 278.65 | 217.93 ] 60.72
Dodecane Itest 0.00 0.00 0.00 0.00 1.80 | 261.15 | 200.26 | 60.89
Hexachloro-1,3-Butadiene ltest 1.02 0.85 0.00 0.00 1.32 | 252.65 | 313.81 |-61.16
Ethanol kest 0.25 0.42 0.37 0.48 045 | 143.15 | 206.34 |-63.19
,p*-Biphenyldiamine kest 1.90 1.90 0.50 0.85 1.52 | 401.15 | 464.69 |-63.54
{Isopropylbenzene kest 0.60 0.49 0.00 0.16 114 | 177.15 | 241.35 [-64.20
Benzoicacid kest 0.73 0.90 0.59 0.40 0.93 [ 395.55 | 330.55 | 65.00
1-Methyinaphthalene hwt 1.34 0.92 0.00 0.20 123 | 251.15 | 318.90 [-67.75
Chrysene kest 3.03 1.73 0.00 0.36 182 | 528.15 | 459.35 | 68.80
iPropylbenzene jest 0.60 0.50 0.00 0.15 1.14 | 174.15 | 242.98 |-68.83
1,2,4,5-Tetrabromobenzene kest 1.83 1.19 0.00 0.04 142 | 446.65 | 377.74 | 68.91
o-Aminophenol hest 1.1 1.10 0.60 0.66 0.87 | 445.15 | 376.02 | 69.13
Acridine kest 2.36 1.32 0.00 0.58 1.41 | 452.35 | 382.98 | 69.37
1,2-Dinitrobenzene kest 1.17 1.70 0.00 0.38 1.06 | 391.65 | 320.54 | 71.11
1,3-Dichloropropane kest 0.41 0.84 0.04 0.11 0.78 | 174.15 | 245.74 |-71.59
Pentachlorophenol kest 1.22 0.87 0.96 0.01 139 | 447.15 | 373.73 [ 73.42
2-Methylanthracene kest 2.29 1.30 0.00 0.31 160 | 477.15 | 403.58 { 73.57
1,4-Dimethyinaphthalene hest 1.40 0.91 0.00 0.20 1.37 | 255.15 | 330.14 |-74.99
1-Bromo-2-Methylpropane kest 0.34 0.37 0.00 0.12 0.85 | 273.15 | 197.73 | 75.42
N-Methylaniline lnest 0.95 0.90 0.17 0.43 0.96 | 216.15 | 291.74 |-75.59
5,6-Dimethyichrysene kest 3.03 1.73 0.00 0.36 211 | 401.65 | 477.97 |-76.32
-Hydroxyacetanilide hest 1.06 1.78 1.09 0.81 1.17 | 440.15 | 517.06 |-76.91
Naproxen kest 1.64 1.56 0.67 0.85 1.78 | 426.15 | 504.10 |-77.95
Antipyrene ltest 1.32 1.50 0.00 1.48 1.55 | 387.15 | 306.85 | 80.30
Salicylicacid ]iest 0.89 0.70 0.72 0.41 0.99 | 428.15 | 342.18 | 85.97
5-Ethyl-5-phenylbarbital kest 1.63 1.80 0.73 1.15 1.70 | 448.15 | 538.80 |-90.65
2,2,3,3-Tetramethylpentane th 0.00 0.00 0.00 0.00 1.38 | 263.35 | 172.33 | 91.02
Estrone ltest 1.73 3.10 0.56 0.91 2.16 | 525.65 | 433.89 | 91.76
5-Methyl-5-ethylbarbituricacid ltest 1.03 1.17 0.46 1.18 123 | 489.15 | 396.87 | 92.28
estosterone ltest 1.54 2.59 0.32 1.19 2.38 | 349.15 | 44162 |-92.47
Fentanyl Itest 1.80 2.25 0.00 1.57 2.84 | 495.15 | 401.32 | 93.83
Cyclooctane Jtest 0.41 0.10 0.00 0.00 1.13 | 284.65 | 190.04 | 94.61
4-Aminopyridine bst 0.98 1.10 0.41 0.77 0.78 | 429.95 | 334.64 | 95.31
2-Phenylphenol kest 1.55 1.40 056 | 049 1.38 | 330.75 | 426.25 |-95.50
Pyrazine jest 0.63 0.95 0.00 0.61 0.63 | 328.15 | 229.26 | 98.89
1,2,4,5-Tetrachlorobenzene lest 1.16 0.86 0.00 0.00 1.21 | 412.65 | 313.64 | 99.01
Phthalicanhydride kest 1.16 2.30 0.00 0.40 0.98 | 403.25 | 299.40 [103.85
4-Methoxybenzoicacid kest 0.83 0.91 0.55 0.50 1.13 | 457.75 | 350.10 {107.65
Carbazole Itest 1.79 1.50 0.35 0.24 1.32 | 512.15 | 401.83 {110.32
Progesterone Itest 1.45 3.29 0.00 1.14 2.62 | 408.15 | 295.99 ]112.16
Cyclohexane ]lest 0.31 0.10 0.00 0.00 0.85 | 279.65 | 166.31 [113.34
Deoxycorticosterone kest 1.74 3.50 0.14 1.31 2.68 | 431.15 | 315.95 1115.20
Picene }ist 4.00 2.04 0.00 0.44 2.19 | 637.15 | 521.90 {115.25
R-Ethylnaphthaiene kest 1.33 0.90 0.00 0.20 1.37 | 203.15 | 326.16 |-123.01
fHydrocortisone hest 2.03 3.49 0.71 1.90 2.80 | 423.15 | 555.80 -132.65
4-Nitrobenzoicacid Est 0.99 1.07 0.62 0.54 1.1 515.55 | 378.87 1136.68
Hexamethylbenzene kest 0.95 0.72 0.00 0.28 1.56 | 440.15 | 302.85 {137.30
Cocaine kest 1.36 1.92 0.00 1.50 2.30 | 495.65 | 357.82 |137.83
Hexachlorobenzene kest 1.49 0.99 0.00 0.00 145 | 501.85 | 354.57 |147.28
Codeine fest 1.78 1.95 0.33 1.78 2.21 334.15 | 483.29 [-149.14
Anthraquinone test 1.41 1.70 0.00 0.46 1.53 | 557.15 | 358.62 {198.53
Caffeine est 1.50 1.60 0.00 1.33 1.36 | 511.15 | 311.48 [199.67
Uracil ]lest 0.81 1.00 0.44 1.00 0.75 | 608.15 | 333.16 {274.99
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CHAPTER XIII:
RELATIONSHIPS BETWEEN PROPERTIES

Other physico-chemical properties important for the study of agrochemicals are

discussed in this chapter.

XIII-1 Delta log P

Work on blood-brain barrier [ and skin permeation [ has used the parameter AlogP,
where:
AlogP = logPoctanol - 10gPalkane (XII-1)
and log Pgikanc is the alkane-water partition coefficient, generally hexane or cyclohexane.
The important feature of AlogP is that the difference between the logP values is
important, rather than the absolute values. For instance, extending an alkyl chain would
leave the AlogP value essentially unchanged. Since the epicuticular wax is essentially
‘hydrocarbon in character ! this parameter is clearly relevant to foliar uptake.
The original AlogP of Seiler ™! is defined as:
AlogP cyc = 10gPoctanol — 108Pcyclohexane (X1II-2)
where 10gPcycionexane Tefers to the water-cyclohexane partition coefficient. It should be
noted however that Seiler estimated a number of 10gPcyciohexane Values from water-alkane
partition coefficients. Tayar et al'® analysed a similar AlogP parameter to that of Seiler,
by the LFER approach using logPy for alkane:
AlogPax = 10gP octanol - 102Paikane

=0.43 +0.127* + 3.400. + 1.96 (X1I-3)
n=75,R*=0.962, sd = 0.31, F =288.4
They suggest that AlogPaix aﬂd, by implication AlogP.y., was mainly an indicator of the
hydrogen bond acidity of the solutes. Abraham et al. 9 re-calculated the coefficients by
difference between logP, and log Pauy, log Pcy and log Pj¢ (for water-hexadecane
partition) LFER equations and obtained similar results from the regression of log Poc-

log Pi¢ against descriptors. The following three equations were obtained from the
difference between the LFER coefficients:
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AlogPi6 = 0.001-0.105E+0.563S+3.621A+1.409B-0.619V (Xm-4)
AlogPaik = -0.199-0.087E+0.603S+3.550A+1.358B-0.468V (Xm-5)
AlogPcyc = -0.039-0.254E+0.677S+3.822A+1.445B-0.832V (XBI-6)
Abraham et al also came to the conclusion that solute hydrogen bond acidity and, to a
lesser extent, solute dipolarity/polarisability and size were important factors influencing
the AlogP parameter.

In table 1, the AlogP values were calculated from the measured log Poet and hexane-

water partition coefficients, whereas in table 2, alogpcyciohexane Was calculated jfrom the

existing LFER due to missing experimental data.

Table 1; Agrochemical dataset Alog P (hexane) from experimental data

Ctwmiottl class i TipOynd toaPoctobs. 10aPHEX  OlooP  use
Strobilurin azoxystrobin 2.57 0.93 1.64 F
kresoxim-methyl 35 3.07 0.43 F
picoxystrobin 3.79 321 0.58 F
trifloxystrobin 45 4.34 0.16 F
Chloroacetanilide  ;0e¢ocAjor 3.02 0.85 2.17 H
propachior 2.18 2.19 -0.01 H
dichlonmid 1.78 0.53 1.25 H
fluorochloridone 333 1.53 1.8 H
L35-Triazine  cvanazine 2.13 -1.03 3.16 H
simazine 2.14 0.29 243 H
atrazine 2.58 0.49 2.09 H
terfouthyiazine 321 1.73 1.48 H
Pyrimidine dimethirimol 1.87 1.61 0.26 F
ethirimol 2.28 0.01 2.29 F
bupirimate 3.49 -1.01 45 F
pyrimethanil 286 1.93 0.93 F
cyprodinil 3.94 3.01 0.93 F
Amide metalaxyl 1.61 0.88 0.73 F
furalaxyl 2.63 1.66 0.97 F
napropamide 332 2.37 0.95 H
isoxaben 3.92 1.63 2.29 H
diphenamid 228 1 1.28 H
Azoie flutriafol 23 0.27 2.03 F
tebuconazole 3.67 142 2.25 F
hexaconazole 3.87 2.23 1.64 F
paclobutrazol 3.14 0.96 2.18 F
Carbamate carbaryl 2.29 -0.03 2.32 1
pirimicarb 171 0.64 1.07 1
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fenoxycarfo 4.28 0.31 3.97 1
carbetamide 1.68 215 3.83 H
Thiocarbamate 4 iate 4.94 168 3.26 H
prosubbearb 4.17 3.63 0.54 H
Phenylurea fluometuron 2.36 -0.14 25 H
chlorotoiuron 243 0.19 2.24 H
diuron 2.75 -0.16 291 H
fenuron 0.99 -1.66 2.65 H
Sulfonylurea  cpiorsulfuron 1.89 2.04 015 H
prosulfuron 1.97 -0.65 2.62 H
Benzoylurea diflubenzuron 3.87 2.9 0.97 1
hexaflumuron 5.68 115 453 1

Table 2: Agrochemical dataset Alog Pcyciohexane from LFER

corapomid iwt
permethrm 0.27 1
cypermethrin 1.21 1
A,-cyhalothrin 1.00 1
tefluthrin -0.02 1
bifenox 0.70 H
fomesafen 2.02 H
oxyfluorfen 0.07 H
fluazifop-butyl 1.19 H
fluazinam 0.97 H
trifluralin 1.74 H
flumetralin 0.68 H

Table 3: Alog P versus hydrogen bond acidity

compound ' OfoflP A me compound : DlogP A iitti

chlorsulfuron -0.15 0.07 H dimethirimol 026 0.00 F
propachior -0.01 0.00 H kresoxim-methyl 0.43 0.00 F
oxyfluorfen 0.07 000 H picoxystrobin 0.58 0.00 F
prosulIfocarb 0.54 0.47 H metalaxyl 073 000 F
flumetralin 0.68 0.00 H pyrimethanil 0.93 0.05 F
bifenox 0.70 0.00 H cyprodinil 093 0.10 F
napropamide 0.95 0.00 H furalaxyl 097 0.00 F
fluazinam 0.97 0.00 H azoxystrobin 1.64 000 F
fluazifop-butyl 1.19 0.00 H hexaconazole 1.64 0.15 F
diphenamid 1.28 0.07 H flutriafol 203 020 F
terbuthylazine 1.48 0.18 H paclobutrazol 2.18 023 F
trifluralin 1.74 034 H tebuconazole 225 031 F
fluorochloridone 1.8 0.32 H ethirimol 2.29 036 F
fomesafen 202 0.06 H bupirimate 45 092 F
atrazine 2.09 033 H tefluthrin -0.02 000 1
acetochlor 2.17 031 H permethrin 0.27 0.00 1
chlorotoiuron 2.24 0.52 H diflubenzuron 097 1.08 1
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soxaben 2.29 |0.31| H j-cyhalothrin 1.00 |0.02) |
isimazine 2.43 {0.37{ H |piimicarb 1.07 10.00] |
fluometuron 2.5 10.33] H cypermethrin 1.21 10.02] |
rosulfuron 2.62 10.04{ H [carbaryl 2.32 {0.32] |
fenuron 2.65 [000{ H [fenoxycarb 3.97 |10.781 |
diuron 2.91 ]0.38] H hexaflumuron 453 10.38{ |
cyanazine 3.16 {045 H
tri-allate 3.26 |0.03] H
carbetamide 3.83 [0.62] H

On the whole, the results are consistent with the Abraham/Testa conclusions that Alog P
is mainly an indicator of the hydrogen bond acidity of the solutes. A few outliers can be
observed but the discrepancies are often due to (1) the effect of the other LFER terms,
especially for large molecules (lambda-cyhalothrin), or (2) problems in the measured
data (hexaflumuron).

XIII-2 Aqueous solubility

As previously mentioned, the aqueous solubility is an important factor determining the
behaviour of a pesticide in the environment. Katritzky et al. [ gave an excellent
description of the existing approaches to estimate the aqueous solubilities of 1- liquids

and solids and 2- gases and vapours.

Aqueous solubility of liquids and solids (log Sw)

Aqueous solubiliy of liquids and solids are described by the parameter Sw (or log Sw),
defined as the concentration of solute in aqueous phase, at equilibrium with a pure
solute phase. It has been shown that aqueous solubilities are correlated with octanol-
water partition coefficients ', Various approaches to the prediction of aqueous

solubility have been summarised by Yalkoswki and Banerjee %%

and classified into
three categories:

1- correlations with experimentally determined physicochemical properties.

2- correlations based on group contributions.

3- correlations with parameters calculated solely from the molecular structure.
Yalkowski et al. 28 ysed the melting point and either the molar surface area (MSA)
or log Poct to predict Sw for polycyclic aromatic hydrocarbons and halobenzenes. The
authors suggesfed that the melting point term accounts for the loss of lattice energy on

solution of a solid. Dunnivant ef al. ! also used melting point, MSA and topological
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descriptors to predict Sw for PCBs. Amidon et al. I used MSA to describe Sw for a
wide range of structures. Another promising theoretical approach to predict Sw (18]
combines the activity coefficient, y (estimated from log Poct), with experimental
parameters. Attempts to introduce corrections to account for the differences between the
solubility of a liquid and a solid showed an improvement in the overal standard error.
Isnard and Lambert ') surveyed aqueous solubility values correlated to log Poct values
in the literature and observed a 5-12% improvement in the standard error when the
effects of crystalline interactions were accounted for by using the melting point of the
solid compounds. '

The General Solubility Equation (GSE) as initially proposed by Yalkowski and Valvani
(13171 in 1980 and revised by Jain and Yalkowski >} has been widely used:

Log Sw = 5.43 — 1.02.logPoct — 0.0096 (MPt — 25) (XII-7)

Figure 1: Yalkowski’s log Sw prediction for agrochemicals

Yalkowsky log Sw estimates

sd=0.54
R2=0.7268

e =

3 4

log Sw obs. (ppm)
N

Taft et al. ®® used the LFER approach for the description of Sw for aliphatic and
aromatic compounds. Abraham and co-workers ! applied the method to a wider range

of compounds.

Log Sw=0.518 — 1.004.E + 0.771.S +2.168.A + 4.238.B —3.362.A*B — 3.987.V
N =659, sd = 0.557, R =0.920, F = 1256 (XIII-8)
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Figure 2: LFER log Sw prediction for agrochemicals

LFER log Sw estimates

log Sw obs. (ppm)

log Sw calc. (ppm)

The overall standard error obtained from equation XIII-8 is twice as high as that

obtained from the Yalkowsky predictions. The main reason for the disrepancies are:

1- The melting point term in the latter equation takes into account the low of lattice

energy on solution of a solid.

2- Predictions based on experimental results, in this case melting point and log

Poct, are generally more accurate than empirical or semi-empirical methods like

LFER.

3- The training set used to establish the LFER did not contain any pesticides.

Additional work was carried out during the course of this work to determine if the

number of rotatable bond would be a suitable descriptor for the prediction of aqueous

solubility and would improve the estimations.

Table 4: LFER coefficients for aqueous solubility prediction

Xli-8

Xlll-9

Xlll-10

XHi-11

XHi-12

values

values[ t-stat

valuesl t-stat

values| t-stat

valuesl t-stat

(o 0.52
e -1.00
S 0.77
a 2.17
b 424
-3.36

1-0.03

-0.54
-1.056 -19.97
012 1.87
1.02 9.51
2.86 40.11
-0.54 -9.93

-0.07 -1.10
-1.11 -20.19
0.03 0.36
1.07 9.96
291 40.26
-0.55 -10.18

-0.06 -0.80
-1.11 -18.55
0.01 0.09
1.07 951
291 39.48
-0.55 -8.84
0.00 0.13

-0.07 -1.16
-1.10 -22.72

1.08 10.56
292 4648
-0.55 -10.46
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-3.99 | -2.64 -49.68|-2.47 -34.19] -2.47 -33.92| -2.45 -37.85
b -0.06 -3.58-0.056 -3.57|-0.06 -4.02
n 659 1383 1383 1383 1383
Rsquare| 0.920( 0.820 0.822 0.822 0.822
0.557] 0.872 0.868 0.869 0.868
F 1256| 1046 906 792 1058

Where b is the number of rotatable bonds

The coefficients in equations XII-9, 10, 11 and 12 were calculated using a dataset of
1383 diverse compounds. Equation XIII-9 uses the same descriptors as Abraham et al,
and the accuracy of the regression decreased from the larger number of compounds
present in the dataset, although not dramatically. The main change to observe from this
equation is the t-statistic of the s descriptor, which is on the borderline of being non-
significant (as a rule of thumb, the t-statistic should be greater than 2 for the descriptor
to be significant). In equation XIII-10, the number of rotatable bonds (rb) was added as
a descriptor, but again no dramatic change can be observed, except the fact that we have
now confirmation that the s descriptor is not significant. Equation XIII-11 uses all
descriptors (e, s, a, b, v, the solute-solute interactions descriptors ab and ss, and the
number of rotatable bonds, rb). The results is that s and ss are not signiﬁcantl in the
prediction of aqueous solubility and were removed from the regression to obtained
equation XIII-12. On the whole, the addition of the number of rotatable bond does not
affect the regression significantly, all four equation yield similar results. However, one
can note that the number of rotatable bond is an easy value to obtain, relative to the
dipolarity/polarisability descriptor, s, and equation XIII-12 might be useful when s is
not available.

Aqueous solubility of gases and vapours (log Lw)

Due to the technical difficulties of an accurate analytical determination of the solubility
of gases and vapours, methods for their accurate prediction are of great importance. The
solubility of a gas or vapour in water is usually described by the water-air partition
coefficient (Lw) also known as the Ostwald solubility coefficient, which is defined as
the ratio of the concentration of the compound in an aqueous solution and in the gas
phase at equilibrium. Water-air partition coefficients can be estimated from the vapour

pressure and the solubility of the compound (22 o directly from the molecular structure.
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Hine and Mookerjee 24 reported the first empirically based group contribution scheme,
reproducing the solubilities of 292 diverse compounds with a standard error of 0.12 log
unit but used 69 empirical group contribution factors. Their bond contribution approach
reproduced the solubilities of 263 diverse compounds with a standard error of 0.42,
using 34 bond contributibns. Another group contribution approach was developed by
Cabani et al ! who used 28 fragments to reproduce 209 log Lw values of diverse
compounds within 0.09 log unit. Because of the large number of parameters involved in
these approaches, neither the group contribution nor the bond contribution method
conveys much understanding of the physical nature of the relationship between the
molecular structure and the interactions and the solubility of gases in water.
Nirmalakhandan and Speece [26] developed a model involving three structurally
determined descriptors: the valence connectivity index, a molecular polarisability
descriptor and an indicator variable for the presence of an electro-negative atom. The
solubilities of 180 diverse compounds were reproduced with a standard error of 0.262
log unit. However, the polarisability descriptor was calculated on the basis of an atomic
contribution scheme involving another 11 empirical parameters, which, in practice,
inreases the numbers of parameters to 14. »

The partitioning of two sets of organic gases and vapours between water and air (Lw)
has been studied using the CODESSA program ). For the first set of 95 hydrocarbons,
excellent predictions were obtained with a two-parameter correlation equation ®R* =
0.975, sd = 0.2). The two descriptors involved, the gravitation index and the
complementary information content, reflect the affective mass distribution and the
degree of branching of the hydrocarbon molecules and adequately represent the
effective dispersion and cavity formation effects for the solvation of non-polar solutes
in water. For the second set of 406 compounds (inclucing structures containing N, O, S
and halogen atoms) a successful five-parameter correlation was obtained (R* = 0.939, sd
= 0.53) was reported. The descriptors for these equations comprised the partial charge
weighted normalised hydrogen bond donor surface area, counts of oxygen and nitrogen
atoms, the HOMO-LUMO energy gap, the most negative partial charge weighed
topological electronic index and the number of rings. They account for the dispersion
energy of polar solutes in solution, the electrostatic part of the solute-solvent interaction
and hydrogen bonding interactions in liquids.

[28]

Russell, Dixon and Jurs ™ correlated log Hc of a limited dataset of 63 diverse gases in

water using 5 theoretically calculated descriptors. Their linear regression model had a
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correlation coefficient, R?, of 0.978, an overall standard error of 0.375 and an F-statistic
= 250. The authors suggested that the factors influencing the solubilities of gases and
vapour in water were related to the solute bulk, polarisability and lipophilicity.

Abraham et al Y correlated the solubiliity of 408 diverse gases in water using the e, s,
a, b and 1 descriptors (c.f. chapter I1I-2) and obtained the following equation:

Log Lw=-1.271 + 0.822.E + 2.743.S +3.904.A + 4.814.B -0.213.L

N=392,sd = 0.185, R*=0.9962, F = 10229 (X11-13)

A second equation was obtained to predict log Lw but this time using the Mc Gowan

volume instead of L:
Log Lw=-0.994 + 0.577.E + 2.549.S +3.813.A + 4.841.B -0.869.V
N =408, sd =0.151, R2=0.9976, F = 16810 (X1I1-14)

The coefficients of XIII-13 and 14 equation suggest that the main factors affecting the
solubility of gases and vapours in water are the dipolarity/polarisability and the
hydrogen bond basicity and acidity of solutes. The water-air partition coefficient for the
agrochemical dataset were calculated from equation XIII-14 in chapter XIII-3.

Another parameter used to to quantify the solubility of vapours and gases is the Henry’s
law constant, which is essentially an air-water partition coefficient and is, as we will see

in the next section, approximately equal to Lw™.

XIII-3 Henry’s law constant

Henry’s constant (Hc) is physical property of a chemical that is a measure of its
partitioning nature between the two phases in an air-water binary system. Hc often
dictates where and how a chemical tends to concentrate at equilibrium. Chemicals with
low Hc valued tend to accumulate in the aqueous phase, whereas those with a high Hc
partition more into the gas phase.

Because air and water are the major ‘compartments’ of the model ecosphere, and water
is considered to act as the link between all its other compartments, knowledge of Hc is
important in assessing the environmental risk associated with a chemical.

Henry’s constant is also called the ‘air-to-water ratio’ or the ‘air-water partition
coefficient’ and can be expressed sd the ratio of concentrations of a chemical in air and
in water at equilibrium:

Hc=Cus/Cw (XII-15)
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Where C,  concentration of the chemical in the air (mg/m®)

Cw  concentration of the chemical in the water (mg/m°)
The equation represents the dimensionless Hc. This is the most convenient way of
expressing Hc because it yields right away the necessary information about the

partitioning of a chemical between the two phases, air and water.

Lw, the water-air partition coefficient is directly related to Henry’s constant, as it is
calculated as:

Lw=Cw/Ca (X1II-16)
Therefore:

Lw=1/H (orHc=1/Lw)

If the chemical behaves as an ideal gas in the atmosphere, then Hc can be calculated
from the saturation concentration in the air and the water solubility. Vapour pressure
and aqueous solubility are the key physical property that are used in the calculation of
Hc. Henry’s constant can be written as:
Hc=VP /Sw
Where VP vapour pressure in atm

Sw  aqueous solubility in mol/m’
The dimension of this form is atm.m® mol™. The equation can, however, be translated to
yield a dimensionless Hc:
Hc=(VPxMW)/(RxSwxT) (X1I-17)
Where VP vapour pressure in Pa

Sw  aqueous solubility in mg/1

MW  molecular weight

T temperature in K

R universal gas constant (~8.3)
Mackay et al. %! have critically reviewed Henry’s constant for 167 chemicals of
environmental concern. They used vapour pressure and solubility data to calculate a
‘recommended’ Henry’s constant in the absence of experimental data and concluded
that considerable disrepancies exists in the literature even for common compounds. An
important reason for these disrepancies is the lack of reliable data for compounds that

have a poor aqueous solubility or low vapour pressure.
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This result is confirmed by the Henry’s constant obtained for the agrochemical dataset

where the compounds have both low vapour pressure and low aqueous solubility. The

first column contains the Henry’s contants from the Pesticide Manual, 12* edition

the values in the second column were calculated from the water-air partition coefficient

(equation XIII-14), and in the third column, the values were calculated from the vapour

pressure and aquous solubility given in the Pesticide Manual and using equation XIII-

17.

Table 5: Henry’s law constant estimations

compound
azoxystrobin
kresoxim-methyl
picoxystrobin
acetochlor
propachior
flurochloridone
cyanazine
simazine
atrazine
terbuthylazine
dimethirimol
ethirimol
bupirimate
pyrimethanil
cyprodinil
metalaxyl
furalaxyl
napropamide
isoxaben
diphenamid
flutriafol
tebuconazole
hexaconazole
paclobutrazol
carbaryl
pirimicarb
fenoxycarb
carbetamide
prosulfocarb
fluometuron
chlorotoiuron
diuron
fenuron
chlorsulfuron
prosulfuron

FromPMI2tli
-10.75
-6.06
-5.80
-3.03
-5.05
-5.02
No He value
-6.87
-6.44
-5.01
-6.21
-6.31
-5.46
-5.06
-4.79
=741
-6.65
-5.32
-6.50
No He value
-10.40
-7.61
-6.09
-7.56
-6.75
-7.06
-4.56
No He value
-3.61
No He value
-7.46
-7.77
No He value
-11.14
-5.14

Caleulated

Caleulated
Caleulated
Caleulated
Caleulated

Caleulated
Caleulated
Caleulated
Caleulated

Caleulated
Caleulated
Caleulated
Caleulated
Caleulated
Caleulated
Caleulated

Caleulated

Caleulated
Caleulated
Caleulated
Caleulated
Caleulated

Caleulated

Caleulated
Caleulated

fromLw(XUI-14) fromVP&SwIXHMT)

-14.16
-7.57
-7.42
-8.23
-5.60
-6.45

-10.58
-8.21
-7.44
-6.79
-6.18
-1.72

-11.34
-5.93
-5.84
-9.14
-9.03
-7.50
-9.33
-7.15
-8.84
-8.93
-8.60
-9.54
-8.31
-8.21

-10.68

-11.15
-4.93
-7.01
-7.99
-8.64
-8.65
-9.01

-13.13

-11.74
-6.78
-6.56
-3.70

No Sw value
-6.05
-9.94
-7.64
=727
-6.05
-7.47
-7.08
-6.51
-3.07
-5.70
-8.24
-7.42
-6.35
-7.62

-11.17
-8.22
-6.86
-8.33
-7.75
-7.88
-8.03

-4.49
-7.24
-8.55
-8.87
-8.20
-11.27
No Sw value

VP Negligible at 20 °C

VP Negligible at 20 °C
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diflubenzuron "No Hc value -6.66 -7.08
hexaflumuron -2.61 Calculated -10.19 -3.67
chlorfluazuron -5.88 --11.68 -6.65
permethrin No Hc value . -6.00 -5.70
cypermethrin - 4.3 Calculated -10.39 5.77
[\-cyhalothrin No Hc value -9.06 -5.03
tefluthrin -0.31 Calculated -3.02 -0.54
bifenox -4.56 -7.15 -7.66
|fomesafen -9.31 -11.09 -5.21
oxyfluorfen No Hc value -3.97 -5.54
fluazifop-butyl -4.29 Calculated -8.04 No Sw value
{fluazinam -3.00 Calculated -8.08 427
[trifluralin -1.44 Calculated 6.74 -2.88
umetralin No Hc value -7.56 -3.10

Henry’s constants are not succesfully predicted for compounds such as pesticides with
low aqueous solubilities and vapour pressures. It is interesting to note that the majority
of Hc values taken from the pesticide manual were also calculated, and chances are that
equation XIII-17 was used. Some inconsistencies can still be observed, e.g. fenoxycarb
and the diphenyl ethers. Henry’s law constants calculated using the LFER approach are
also inconsistent with the pesticide manual values. One. could establish an LFER to
predict Hc directly, provided reliable values are available, although Hc can easily be
obtained from the water-air equation (Hc = 1/Lw, for the log value only the sign

changes).

Special acknowledgments for this chapter:
e John Delaney, Syngenta, Jealott’s Hill International Research Station,
Bracknell, Berkshire for calculating the number of rotatable bonds
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CONCLUSIONS

In the course of this work, an overview on important agrochemical properties was
given, followed by a description of the LFER approach. The various descriptor
estimation methods were illustrated and compared using a carefully selected
representative dataset based on the Pesticide Manual 12" ed. The experimental
determination of LFER descriptors showed the importance in the selection of reliable
literature data and allowed the introduction of a new water-solvent partition coefficient
measurement approach, the microshakeflask method. .

The results of this agrochemical study were then used to estimate a large number of
physico-chemical properties including the Chromatography Hydrophobicity Index
(CHI), aqueous solubility (log Sw), water-solvent partition coefficients (log Ps), air-
solvent partition coefficients (log Ls) and other properties important in the study of
agrochemistry. In addition, a comparative study was included of the chemistry of
agrochemicals and pharmaceuticals as well as an LFER profile for compounds of
environmental interest.

New LFERs were established for the prediction of soil sorption (log Koc), vapour
pressure (log VP) and melting point (log MPt), illustrating:

e The importance of the choice of the compounds in the training set (log VP)

e The importance of defining the property under study carefully (log MPt)

e The introduction of new descriptors (number of rotatable bonds for log MPt and

aqueous solubility)
Studies showed that, when reliable descriptors are available, the coefficients of the
LFERs obtained using an agrochemical dataset are in agreement with those already
established using a different training set.
As a conclusion, this work showed that:

e LFER can be applied to a wide range of chemical classes

e LFER can be reliable in predicting a wide range of physico-chemical properties

e LFER can be easy applied, with the introduction of new user-friendly software

such as Descfit and Absolv
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SUGGESTIONS FOR FUTURE WORK

1. Introduction of new fragments in Absolv and UNIX programs (IV.1)
It has been shown that one of the main problems in using the existing LFER descriptor
estimation software was the lack of fragments representative of pesticide chemistry. The
introduction of such fragments would considerably improve the efficiency of those
programs for the prediction of agrochemical descriptor estimation. In addition, now that
the descriptors for larger fragments representative of pesticide chemistry have been
determined experimentally in the course of this work, those latter fragments can also be
included.

2. Descriptor estimation using the regression approach (IV.2.1)
Although the three experimental approaches used in this work to determine
agrochemical descriptors were satisfactory, data could be gathered in order to extend the
regression approach to agrochemicals, in order to determine the descriptots, S, A and B
independently from each other.

3. pKa and soil sorption coefficient (IX)
An LFER for the prediction of soil sorption coefficient was developed in this work for
neutral compounds. Although most pesticides are neutral organic compounds, it would
be interesting to assess the influence of the pKa of the remaining few pesticides that are
not aacids or bases. _

4. Improving the existing LFERs
Establishing new LFERs for the predictions of vapour pressure, melting point and
Henry’s iaw constant allowed us to clarify the role of each type of interaction in these
processes.v The equations could, however, be further improved in terms of accuracy of
prediction, mostly by gathering more reliable experimental data and refining some of
the descriptors used to establish those LFERs.
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