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Abstract

It is currently admitted that the intermolecular forces implicated in Gas Liquid
Chromatography (GLC) can be expressed as a product of parameters (or descriptors)
of solutes and of parameters of solvents. The present study is limited to those of so-
lutes, and among them the three ones are involved in the Van der Waals forces,
whereas the two ones involved in the hydrogen bonding are left aside at this stage.
These three studied parameters, which we call §, w and ¢, respectively reflect the
three types of Van der Waals forces: dispersion, orientation or polarity strictly
speaking, and induction-polarizability. These parameters have been experimentally
obtained in previous studies for 121 Volatile Organic Compounds (VOC) via an
original Multiplicative Matrix Analysis (MMA) applied to a superabundant and ac-
curate GLC data set. Then, also in previous studies, attempts have been made to pre-
dict these parameters via a Simplified Molecular Topology procedure (SMT). Be-
cause these last published results have been somewhat disappointing, a promising
new strategy of prediction is developed and detailed in the present article.
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1. Introduction

The present study takes place at the continuation of a series of six papers started in
2005 by our group, in which we have focused our efforts on a better knowledge of the
intermolecular forces involved in GLC (Gas-Liquid Chromatography) between solutes

(VOC or Volatile Organic Compounds) and stationary phases [1]-[6]. Even if it is an
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P. Laffort

oversimplified view on a theoretical point of view, two types of forces are considered

from an experimental approach:

e Van der Waals, subdivided in London, Keesom, and Debye types,

¢ hydrogen bonding, subdivided in proton donor and proton acceptor types.
According to Rohrschneider [7], it is admitted since 1966 that the Kovats retention

indices in GLC (R]) can be expressed as a linear equation of terms, each term being a

product of a solute parameter and of a solvent parameter. There is presently a general

agreement to consider that five terms are necessary and sufficient. In other words, the

following equation can be written:

RI —Rlg,, =D +aW +¢E + oA+ B 1)

in which R stands for the Kovits retention index of the solute on the stationary phase
under study, and Rl stands for the retention index of methane (always equals to
100). The lower case Greek letters stand for the solvation parameters of solutes, and the
Latin upper case letters for the solvation parameters of stationary phases.

Among the results obtained in our series of six quoted studies, those useful for the

present are summarized in Figure 1.

1.1. Parameters of Solutes

The physicochemical characterization of our solute parameters is partially similar to that
adopted by various authors starting with the study of Abraham ez al in 1990 [8]. In both
cases one parameter is dependent of the molecular size, whereas the four other parame-
ters are of polar nature in the extended meaning of the term, Ze. independent of the mo-
lecular size. We call J (as dispersion) the apolar solute parameter and we have found that
it was better identified to the molecular polarizability (or the molar refractivity) than, for

example, to the molar mass, the molar volume or the partition coefficient air hexadecane.

LAST DECADE

Abraham SMT
et al. data - -
extended disappointing
’—l—. solute predicted
MMA parameters parameters
precise (less precise)
exper. param.
superabundant (limited) extended phases
GLC ret. indices + param. (less precise)
(Kovéts et al.) partial
identification SMT -
partial results
McReynolds data on phases

improved prediction of solute
T Van der Waals parameters

| PRESENT STUDY

Figure 1. Overview of the previous and current steps related to the present
study. MMA stands for a program of Multiplicative Matrix Analysis.
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Three out of our four polar solute parameters are very similar to those of Abraham and
co-authors: those we are calling & aand f. By contrast, our w parameter (as orientation
or polarity strictly speaking) is quite different of the corresponding parameter accord-
ing to Abraham and co-authors (equations have however been provided to transform
one system into the other one [1]). The acronyms J, @, & a and g for the five obtained
solute parameters are respectively related to the forces of:

e dispersion (London),

e orientation or polarity strictly speaking (Keesom),

e polarizability-induction (Debye), (£as electrons involvement),

¢ acidity (proton donor according to Brensted),

e Dbasicity (proton acceptor according to Bronsted).

Based on a strong cooperation between our group and the Kovats group, accurate
values of solute parameters have solely been established applying an original algorithm
presently called MMA (as Multiplicative Matrix Analysis) to a set of retention indices of
127 compounds on 11 phases [1] [4].

An improvement of this step has been the reduction of the number of needed statio-
nary phases without losing accuracy. The most satisfactory result has been obtained
with two apolar phases of very different molecular weight and same structure, and three
polar phases, respectively poly-fluorinated, polyether and primary mono alcoholic. Be-
cause these five phases have been synthesized by the Kovats group and are not com-
mercially available, a procedure has been proposed to calibrate the commercial phases
using six VOC references [4]. Once sets of five phases from the available commercial
ones would be selected as independent enough in their D, W, E, A and B values, it
would be in principle easy to develop measurements of solute parameters exclusively
based on experimentation, potentially more refined.

In 1982 [9] we tried such experimental determination 100% GLC for 240 solutes, but
the set of the five chosen phases was not orthogonal enough, and we are therefore con-
sidering that study as only of a preliminary interest.

It should be relatively easy to reach the above mentioned goal using filled columns.
The purpose could however be harder with open tubular columns, particularly for the
proton donor phase and the two apolar phases of very different molecular weight, as
suggested, for example, by the results of Poole et al [10] [11].

The 100% GLC determination of solutes parameters not seemingly being anymore
developed, an alternative way has been followed consisting in the pooling of those pre-
sently available with those published by Abraham and co-authors [12] [13]. In this step
the Abraham data have been suitable transformed as mentioned above, and those in gas
or solid state at room temperature have been excluded. This data pool, less accurate
than the previous one, was supposed to have the interest to include homogeneous val-

ues for 456 compounds of more diversified nature [3].

1.2. Solvent Parameters of Stationary Phases

In the above mentioned step, simultaneously to the solute parameters for 127 com-

88

K
0:52: Scientific Research Publishing



P. Laffort

pounds, were obtained the accurate values of solvent parameters named D, W, E, A and
Bfor 11 stationary phases.

On another hand, from the important collection of GLC retention indices published
by Mc Reynolds in 1970 (207 stationary phases on 226 columns and 10 VOC) [14], we
identified the molecular structures of 56 of these phases and derived their solvent pa-
rameters D, W, E, A and B. Because of an abnormal behavior of the phase diglycerol,
observed in various studies and seemingly due to its high surface adsorption [5]
[15]-[18], we have discarded this phase in the present study.

As for solutes, we pooled these two data sets into a more extended data set of 66
phases (56 - 1 + 11) [5].

We added in this pooled data set, according to [1] and [14], the values of the para-
meter called b by Mc Reynolds [14], allowing to transform volumes retention Vg into
Kovats retention indices RZ Indeed, this b parameter can be considered as a fifth cha-
racteristic of phases, together with W, E, A and B, the parameter D being a constant

when the GC data are expressed in relative values (which is the case for RJ).

1.3. Results Concerning the Molecular Interpretation of Solute and
Solvent Parameters Get in the Previous Studies

1.3.1. On the Parameters Related to the Hydrogen Bonding Forces

The results are clear and contrasted. On one hand their identification is almost evident
(to a solute proton donor property correspond a solvent proton acceptor property and
reciprocally). On the other hand their values predicted on the basis of a simplified mo-
lecular topology (which is summarized in the Material and Methods section of the
present paper) fail to be satisfactory each time intramolecular hydrogen forces are sus-
pected. The solution could perhaps be to extend the molecular topology presently ap-
plied, to a larger neighboring of a given atom. However, that solution would need con-

siderably more experimental data than the presently available ones.

1.3.2. On the Parameters Related to the Van der Waals Forces

The results are more satisfactory. Out of the three molecular parameters of solutes,
those of dispersion ¢ and of induction-polarizability € are clearly related to equations
including the molar refractivity and the Van der Waals molar volume, both being easily
and accurately predictable, even for solids and gases, using a simplified molecular to-
pology.

Similarly, out of the solvent parameters of phases, the parameters b of McReynolds
and E have appeared related to equations including the Van der Waals molar volume
and the PSA (polar surface area), both being easily and accurately predictable, even for
solids and gases, using a simplified molecular topology. By contrast, the cases of the
orientation or polarity strictly speaking parameter of solutes w, and of its associated
solvent parameter W have remained open.

The present study, therefore, is limited to intent an optimal characterization of the
solute parameters related to the Van der Waals forces, those related to the hydrogen

bonding forces being (temporarily?) left aside.
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2. Material and Methods
2.1. Statistical Tools

In addition to the Microsoft Excel Windows facilities for drawing diagrams and han-
dling data sets, the SYSTAT 12° for Windows has been applied for stepwise MLRA
(Multidimensional Linear Regression Analysis).

2.2. SMT, A Simplified Molecular Topology

The principle of this tool has already presented elsewhere [2] [4]. In the version used

here, it only takes into account, for each atom of a molecule, its nature and the nature of

its bonds, leaving aside the nature of its first neighbors with the exception of three cases
specified hereafter. Each atom is provided with an index comprising a series of digits.

Their sum is at most equal to its valence. The value of the digits define the type of bonds

(1 for a single, 2 for a double bond, etc.), but the bonds with hydrogen are excluded.

In addition to the 34 atom characteristics kept, we also consider three additional to-
pological features:

e Chlorine linked to carbon C11.

e Amines linked to (a carbon linked to O,). This feature is present in amides.

e A connectivity parameter due to Zamora [19] called the “smallest set of smallest
rings” (SSSR). According to this concept, for the naphthalene for example, which
contains two individual C-6 rings and one C-10 ring embracing them, only the two
six numbered rings are considered. Two six numbered rings corresponding to 12
carbon atoms, the SSSR value of naphthalene is therefore be taken equal to 12.

In Table 1 are summarized the topological features finally kept in the present version,
concerning the atoms C, H, O, N, P, S, F, Cl, Br, I. Let us specify that the calculations
using the SMT procedure have been made manually in this study, using 2D molecular
drawings from Chem Spider [19] [20].

2.3. Solute and Solvent Parameters Data

As shown in the Introduction, four sets of solvation parameters have been established
along the last decade: two for VOC as solutes and two for GLC stationary phases as
solvents [1]-[6]. For solvents, both become 100% from GLC experimentation: one can
be considered as accurate (11 phases), and the other one more extended (66 phases) as
less precise.

For solutes, one set exclusively comes from GLC experimentation and can be consi-
dered as accurate (127 compounds), and the other one, only partially from chromato-
graphic origin and less precise, covers a greater variety of VOC (456 compounds).
Some compounds have been excluded from these two initial experimental data sets of
solutes:

e Those which include Si or Sn,

e Those which include a given atom only linked to hydrogen (e.g. CHs, OH,, NHj,
SH,),

e Those in gas or solid state at room temperature.
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Table 1. Nature of atomic and structural elements used in the SMT applied procedure*.

Structural elements Bonds Topological features
Carbon <4 Co, Ci1, C11, Ci11, Ci11, G, Ciz, Criz, Ca2, G, Cis
Oxygen <2 Oo, O1, O11, O2
Nitrogen trivalent <3 No, N1, Ni1, N, Nio, N3
Nitrogen pentavalent <5 Niz2
Phosphor pentavalent <5 Pun
Fluorine 1 F
Chlorine 1 Cl
Bromine 1 Bri
Lodine 1 L
Sulfur divalent <2 So, S1, S11, S2
Sulfur hexavalent <6 St Sz
Hydrogen 1 H1 = sum (maximal bonds-explicit bonds)
ADDITIONAL
CLACu Chlorine linked to C11
NCO N or N1y or Ny linked to (a carbon linked to O3)
SSSR Smallest sum of the smallest rings

*See explanation in the text. Italicized elements are not involved in the present study.

Finally, the number of VOC kept in these two data sets under study becomes respec-
tively 121 for the accurate one and 447 for the extended one.

These four data sets thus specified are reported in the Supplementary Material, ex-
cluding the parameters a, 5, A and B, which are involved, as we saw, in the hydrogen

bonding forces.

2.4. Polar Surface Area

The polar surface area of a molecule (PSA) is currently defined as the surface sum over
all polar atoms, primarily oxygen and nitrogen, also including their attached hydrogens
[21]. PSA has successfully been applied in 1996 and 1997 by Palm et al to reflect the
molecular transport properties of drugs, particularly blood-brain barrier (BBB) pene-
tration and intestinal absorption [21] [22]. As already pointed out in 2007 by Ertl [23],
the number of publications in which PSA is involved has been growing exponentially
since these early publications.

These interesting results have tended to consider PSA as a strictly pharmacological
property not applicable in the physicochemical field as a general criterion of polarity,
since, for example, strongly polar elements such as halogens, particularly fluorine, have
always been excluded of its definition. We have however recently shown that PSA, as-
sociated with the Van der Waals molecular volume Vw; appears strongly implicated in

the characterization of one of the polarities observed in GLC: the McReynolds b para-
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meter already quoted [5].

Few authors also include sulphur and phosphor in an alternative definition of PSA
[24] [25]. We have suggested in 2013 a slight modification to the initial definition ex-
tended to O, S, N, P, with the exception of hexavalent S and pentavalent N and P [6].
That was based on the fact that it is difficult to consider, on a theoretical point of view,
hexavalent S and pentavalent N and P as polar atoms. Indeed, in these cases, all their
peripheral electrons are involved in bonds. We proposed to call PSA2 this alternative
definition in 2013, and we successfully applied the corresponding molecular characte-
ristic to an olfactory study [6].

A second purpose of the present study is therefore an attempt to elucidate what ap-
pears, at the first view, as a contradiction: is it PSA a pharmacological property strictly
speaking or a more general tool characterizing the molecular polarity? That involves a
clarification, on experimental basis, about its most suitable definition among the vari-
ous ones already proposed: is it or not a unique one valid in all circumstances?

In their early applications [21] [22], PSA values have been established using sophis-
ticated programs taking into account the molecular three-dimensional shape and its
flexibility. However, a very simple topological method using summation of surface
contributions of polar fragments (termed TPSA) has been applied by Ertl et al [25], ex-
hibiting an excellent correlation with theoretical PSA values (r = 0.991, N = 34,810 sub-
stances).

In the present study, the TPSA values have been collected, for the extended set of 447
VOC, from Molinspiration [26]. For the stationary phases we adopted the atomic pa-

rameters according to Laffort [5].

2.5. Additional Molecular Properties Well Established

2.5.1. Molar and Molecular Volumes

The various expressions supposed to be reflecting the “intrinsic molecular volume” or
the “Van der Waals molecular volume” are all additive properties (which it is not the
case for the ratio molar mass/density at 20°C). We have selected among then in the
present study, the values of molecular volumes (expressed in cubic angstroms) pro-
posed by the freely interactive calculator of Molinspiration [26]. The authors of this
calculator have used, in a first step, a semi-empirical quantum chemistry method to
build 3D molecular geometries for a training set of about 12,000 molecules. In a second
step, they have fitted sum of fragment contributions to the supposed real volumes of

the training set. We name this expression Vw (as Van der Waals volume).

2.5.2. Molar Refractivity (MR and MRy)
These properties are the measure of the total polarizability of one mole of a given com-
pound. According to the Lorentz and Lorenz equation, MR can be determined as fol-

lows:

MR = fnxV,, (2)

with

92

K
0:52: Scientific Research Publishing



P. Laffort

Vyo =— 3)

and

fn=
n®+2

(4)
in which M, dand n stand respectively for the molar mass, the density at 20°C and the
refractive index at 20°C. Initiated by Abraham et al [8], a modified expression of the
molar refractivity can be obtained replacing V5 in equation 2 by one or another expres-
sion supposed to be reflecting the “intrinsic molecular volume” or the “Van der Waals
molecular volume”. We found in 2005 [1] that this modified expression of the molecu-
lar refractivity is the more suitable to reflect the apolar solubility parameter of solutes J
in GLC. As shown in Equation (5), we have here chosen Vy, for that, and called MRy
the modified molar refractivity:

MR, = fnxV,, (5)

The molar refractivity values are generally expressed in ml-mol™.

3. Results
3.1. The Solute Parameter of Orientation or Polarity Strictly Speaking

Applying a multiple linear regression analysis (MLRA) to the w values of the 121 VOC
data set, as possible functions of the molecular features of Table 1, produces the predic-
tive model reported on the left of Figure 2 and the corresponding correlogram on the
right one. By contrast, a similar attempt with the extended data set of 447 VOC was so
disappointing than those already published [2] [3].

As a reminder, Fratio value can be obtained from the correlation coefficient 7 the
number of observations N (here the number of VOC) and the number of independent

variables, according to Abdi [27]:

molecular SMT partial

features coefficients F ratios
01 14.077 41 120
011 11.428 26 T ¢
02 53.864 1336 | | s | 9 £
N12 13.528 26 8 8 o
N3 108.324 617 | | S S| o0 ¢
F1 15.473 196 £ 3 N * o9
Clilinkedto C11  23.708 39 | 1S5 4 7. N=121
Brl 18.398 23 o T I 43 F-197
c12 4.463 93 S .
c3 15.650 21 A ‘ ‘ ‘ ‘
SSSR -1.474 36 -30 30 60 90 120
[NCO] [44.972] [42] 29
constant 4.008 100 o from SMT in the present study

Figure 2. A simplified molecular topology (SMT) applied to the set of 121 w experimental values
from [4] and reported in the Supplementary Material. Out of the 37 molecular features of Table
1, 11 have been selected using MLRA (partial Fratio > 20). On the right: the corresponding cor-
relogram for these 121 VOC values. We propose to call w16 the values obtained according to the
above SMT model. See details on the molecular feature [NCO] in the text.
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r , N —Nbindepvar -1

F= 5
1-r NblndepVar

(6)

Obviously, the quality of the prediction differs according to the considered statistical
test; ror F(both statistical tests are supposed to be as high as possible).

Most statisticians often prefer the second criterion, particularly when the number of
independent variables increases in large proportion relatively to the number of obser-
vations.

As a result, we consider for further uses, and perhaps as a first approach, the SMT
model reported in Figure 2 as a definition of the w parameter (which we will call wso16)
in spite of the smaller diversity of molecular functions involved included in its defini-
tion (more precisely, w6 = 100 times the SMT predicted values of experimental w val-
ues).

An interesting observation is the discarding of the molecular feature N122 (present
in nitrates) by the MLRA program, confirming our previous hypothesis that the penta-
valent NVis non polar [6].

Let us specify that in Figure 2, the [NCO] molecular feature is not present in any of
the 121 VOCs under study. It has however been added (between brackets), because
when the MLRA is applied to the less precise data set of 447 VOC using as independent
variables the same 37 features of Table 1 plus the predicted w according to the initial
model of Figure 2, the unique feature added by the MLRA with a partial Fratio >20, is
NCO.

3.2. Short Recalling and Updating of the Well Established
Characterization of the Solute Parameters 6 and ¢

The best molecular property well established, related to the solute parameter of disper-
sion ¢ obtained via an experimental GLC, has been found to be the molar refractivity
we have named MR, in Equation (5) [1]. Because the refractive index is not always
available in liquid state, we propose to call henceforward d6, the values obtained using
the SMT model of Figure 3, which will be valid whatever the states of VOCs under
study at room temperature are. More precisely:

Sy = MR, = fnV,,, from SMT up Figure 3 7)

The theoretical induction-polarizability parameter &neoret is obtained via a bilinear re-
lationship between the molar refractivity and the molar volume, such as its values

equals zero for n-alkanes, according to the following equation:
100& e =10 fnV,, —2.828V,, +62.673 (8)

In order to express it in a similar scale of sizes than &5 and @s16, we define hence-

forward &6 as follows:

&y015 =100&  from SMT down Figure 3 9

3.3. The Solvent Parameters McR b, W and E Equations

No significant improvements have been found in the present study, comparatively to
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molecular SMT partial 80
features coefficients F ratios
C total 4.604 54350 o 60
Ol 4.141 942 3
0-01 2.107 1303 g
N1 5.583 432 E 40 -
N-N1 3.674 93 | | §
P1112 7.379 118 =
ci 5.299 3496 | |2 207
Brl 8.565 4325
11 13.820 2321 0
S1+S11+S2 8.763 2358 ‘ ‘ ‘
constant -1.783 0 20 40 60 80
fnV,, from SMT in the present study
molecular SMT partial
features coefficients F ratios
C12 8.162 819
Cc112 7.760 207 160 4 "
C13 13.735 120
c22 86.310 253 | | % 120 |
o
Ol 17.652 273 o
N1 23.118 114 | | § 80 1
N11 16.848 51 e r=0.978
N122 21.969 87 2 N = 447
F1 -12.798 468 £ F =691
cia 14.886 497 é" . .
Brl 34.838 1219 S -8 120 160
11 70.093 1044
S1+S11 37.470 568
SSSR 4.479 764 80
constant 6.318 100 & from SMT in the present study

Figure 3. SMT definitions models for the parameters of dispersion (&ois) and induction-pola-
rizability (&o016), validated by the two correlograms on the right for the set of 447 compounds re-
ported in the Supplementary Material.

[5], in the characterization of these three parameters using well established molecular
properties or/and the SMT procedure. We can therefore consider as temporary valid
the observations mentioned in this previous paper, which can be summarized as fol-
lows:

o the three parameters appear partially related, in addition to other molecular fea-
tures, to PSA,

e each molecular feature concerned, including PSA, appears involved in a ratio of this
feature to the molar volume V,, on the contrary of what is observed for solute pa-
rameters. In other words, the various types of solvent polarities appear in some way,
as densities of polarity,

e more precisely, the parameters McR b and E can be expressed via two different equ-
ations including both PSA/ Vyyand 1/ V.

At this stage, there is no new argument concerning the inclusion or not of other po-
lar elements than Nand Oin the definition of PSA. By contrast, the observation already
made [6] that the pentavalent N does not seem to be a polar feature is confirmed in the

present study.
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4. Discussion-Conclusion

4.1. Solute Parameters

The results on solute parameters presented here, compared to those previously pub-

lished on the same topic, show real improvements, as summarized in Table 2.

Let us recall that the difference in the N values between 2008 and the present study
for d and € not at all results from an elimination of outliers in the MLRA of data, but
from objective facts detailed in the Materials and Methods section. Concerning w, the
important difference value of N is principally interpreted as a lack of accuracy in the
more extended data set, as we already saw.

The improvements observed in the present study are principally due to a pragmatic
approach summarized in Figure 1:

e starting with only accurate and superabundant experimental data submitted to an
MMA;

e physicochemical characterization when possible, with molecular properties well es-
tablished for a large amount of compounds, as it is the case, for example, for Vy,
MRy and PSA;

o if it is successful, applying SMT to these well established properties, in order to
overcome some inappropriate situations (e.g. refraction index for solids and gases);
this step has been applied to &1 and &p16;

o if it is unsuccessful, applying SMT to chromatographic accurate and less numerous
data (this step has been applied to ws1s).

It should be of interest to note the high mutual independence of these parameters, as
it can be seen in Figure 4, and similarly previously observed for the initial data set of

125 solute parameters of 100% experimental GLC origin [1].

4.2. Solvent Parameters

The absence of improvements for solvent parameters is very probably due to a too
small amount of accurate and superabundant chromatographic measurements. One of
the consequences is the uncertainty about possible presence of polar elements in the

definition of PSA, other than Nand O. The only conclusive fact seems to be the absence

Table 2. Compared values of statistical tests get for some predicted values of solute parameters
involved in the Van der Waals intermolecular forces of solutions. The correlation coefficient, the
number of VOC and the partial Fratio are respectively represented by r, Nand F.

r N F
) 2008 (ref. [3]) 0.981 456 944
present study 0.997 447 6136
w 2008 (ref. [3]) 0.861 456 145
present study 0.976 121 197
e 2008 (ref. [3]) 0.954 456 351
present study 0.978 447 691
96 0:%: Scientific Research Publishing
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Figure 4. Mutual correlation coefficients between the three solute parameters defined in the
present study as involved in the Van der Waals molecular forces of solutions, for 447 solutes.

of pentavalent Nand Pand of hexavalent S.

4.3. General Comments

The present study does not provide any improvements in the separation of components
of solutions nor the identification of such components, both being the principal fol-
lowed purposes in chromatographic sciences. On the other hand, the results obtained in
this study and in some other ones we have previously conducted in a similar way,
would not be reached without the strongly help of GLC experimentation. We have pre-
sently the key to determine with simplicity and a relatively not too bad accuracy, the
three parameters, for solutes, of Van der Waals forces in solutions. And we strongly be-
lieve that these labile forces could be implicated in some pharmacological and chemo
sensorial properties. Our next effort will be to test this hypothesis.

It should be difficult to conclude this study without quoting an important recent re-
view on the “Determination of solute descriptors by chromatographic methods” by
Poole et al. [28], and regret, at this juncture, some lack of mutual understanding be-
tween the majority of the authors working in this topic and our group. That, among
others, concerns the no using of MMA as an appropriate tool to process GLC supera-
bundant data sets (with the exception of Ulrich [29]). One consequence is the supposed
“impossibility to reflect independently the interactions associated with induced and
stables dipoles” [28]. In fact and in spite of a questionable letter to the editor in 2006
[30] (short answer in [3]) and an abundant exchange of correspondence with Michael
Abraham, it has been demonstrated since 2005 [1] that a strictly speaking polarity de-
scriptor of solutes can be expressed on the solely basis of S, R and B, according to the
acronyms and the data of Abraham and co-authors. In addition, it is proposed in the
present study a definition of such polarity descriptor, termed .16, uniquely based on
some molecular features as we saw above. The validation of one or another ways, or
possible crossed ones, could be based in the future on comparative performances in
QSAR and QSPR.

Concerning the possible objection against our wsys model, because only based on 121
solutes, it should be noted that this data set includes numerous chemical functions: al-
cohols, aldehydes, ketones, ethers, nitro-compounds, nitriles, secondary and tertiary
amines, esters, various types of halogen and sulfur compounds and hydrocarbons, both
of saturated or unsaturated types, with or without mono and polycycles... are however

absent (and present in the set of 447 solutes) primary amines, carboxylic acids, amides
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and lactones. Also, substances with more than one chemical function are sparingly
represented in this 121 data set. As a conclusion, the strictly speaking polarity descrip-
tor proposed here, of purely pragmatic and not at all of theoretical nature, could be
considered as a first approach, and possibly improvable in the future with the help,
among others, of semi empirical quantum chemical methods already applied in this
topic (e.g. [16] [31]).

Acknowledgements

The author warmly thanks David Laffort for his writing assistance. He also sincerely
thanks the Royal Society of Chemistry for its free Chem Spider database of chemical
structures [20] and the Molinspiration Company for its freely interactive calculator
[26]. This research did not receive any specific grant from funding agencies in the pub-

lic, commercial, or not-for-profit sectors.

References

[1] Laffort, P., Chauvin, F., Dallos, A., Callegari, P. and Valentin, D. (2005) Solvation Parame-
ters. Part 1: Mutual Improvements of Several Approaches and Determination of Two First
Sets of Optimized Values. Journal of Chromatography A, 1100, 90-107.
http://dx.doi.org/10.1016/j.chroma.2005.09.022

[2] Laffort, P. and Héricourt, P. (2006) Solvation Parameters.2. A Simplified Molecular Topol-
ogy to Generate Easily Optimized Values. Journal of Chemical Information and Modeling,
46, 1723-1734. http://dx.doi.org/10.1021/¢i0600152

[3] Laffort, P. and Héricourt, P. (2008) Solvation Parameters of Solutes: An Attempt of Im-
provements in Characterization and Determination. 7he Open Applied Informatics Jour-
nal, 2, 22-31. http://dx.doi.org/10.2174/1874136300802010022

[4] Laffort, P. and Héricourt, P. (2009) Solvation Parameters. Part 4: What Is the Impact of Re-
cent Chromatographic Data Update? The Open Applied Informatics Journal, 3, 12-21.
http://dx.doi.org/10.2174/1874136300903010012

[5] Laffort, P. (2011) Solvation Parameters. Part 5: Physico-chemical Interpretation of Experi-
mental Solvent Values for Stationary Phases of Gas-Liquid Chromatography. Journal of
Chromatography A, 1218, 4025-4033. http://dx.doi.org/10.1016/j.chroma.2011.04.068

[6] Laffort, P. (2013) A Slightly Modified Expression of the Polar Surface Area Applied to an
Olfactory Study. Open Journal of Physical Chemistry, 3, 150-156.
http://dx.doi.org/10.4236/0jpc.2013.34018

[7] Rohrschneider, L. (1966) Eine Methode zur Charakterisierung von Gaschromatographis-
chen Trennflissigkeiten. Journal of Chromatography A, 22, 6-22.
http://dx.doi.org/10.1016/S0021-9673(01)97064-5

[8] Abraham, M.H., Whiting, G., Doherty, R.M. and Shuely, W.H. (1990) Hydrogen Bonding.
Part 13: A New Method for the Characterisation of GLC Stationary Phases—The Laffort
Data Set. Journal of the Chemical Society, Perkin Transactions, 2, 1451-1460.
http://dx.doi.org/10.1039/P29900001451

[9] Patte, F., Etcheto, M. and Laffort, P. (1982) Solubility Factors for 240 Solutes and 207 Sta-
tionary Phases in Gas-Liquid Chromatography. Analytical Chemistry, 54, 2239-2247.
http://dx.doi.org/10.1021/ac00250a024

[10] Poole, C.F, Li, Q., Kiridena, W. and Koziol, W.W. (2001) Selectivity Assessment of Popular

98

K
0:52: Scientific Research Publishing


http://dx.doi.org/10.1016/j.chroma.2005.09.022
http://dx.doi.org/10.1021/ci0600152
http://dx.doi.org/10.2174/1874136300802010022
http://dx.doi.org/10.2174/1874136300903010012
http://dx.doi.org/10.1016/j.chroma.2011.04.068
http://dx.doi.org/10.4236/ojpc.2013.34018
http://dx.doi.org/10.1016/S0021-9673(01)97064-5
http://dx.doi.org/10.1039/P29900001451
http://dx.doi.org/10.1021/ac00250a024

P. Laffort

[12]

(13]

(18]

[25]

Stationary Phases for Open-Tubular Column Gas Chromatography. Journal of Chromato-

graphy A, 912, 107-117. http://dx.doi.org/10.1016/S0021-9673(01)00560-X

Poole, C.F. and Poole, S.K. (2008) Separation Characteristics of Wall Coated Open-Tubular
Columns for Gas Chromatography. Journal of Chromatography A, 1184, 254-280.
http://dx.doi.org/10.1016/j.chroma.2007.07.028

Abraham, M.H. (1993) Scales of Solute Hydrogen-Bonding: Their Construction and Appli-
cation to Physicochemical and Biochemical Processes. Chemical Society Reviews, 22, 73-83.
http://dx.doi.org/10.1039/¢s9932200073

Zissimos, A.M., Abraham, M.H., Klamt, A., Eckert, F. and Wood, J. (2002) A Comparison
between the Two General Sets of Linear Energy Descriptors of Abraham and Klamt. Journal
of Chemical Information and Computer Sciences, 42, 1320-1331.

http://dx.doi.org/10.1021/¢i0255300

McReynolds, W.O. (1970) Characterization of Some Liquid Phases. Journal of Chromato-
graphic Science, 8, 685-691. http://dx.doi.org/10.1093/chromsci/8.12.685

Supelco (2016) Bull. 880. Online Catalog, Bellefonte, PA, USA.
https://www.sigmaaldrich.com/Graphics/Supelco/objects/7800/7741.pdf

Hoffmann, E.A., Fekete, Z.A., Rajkd, R., Pélinkd, I. and Kortvélyesi, T. (2009) Theoretical
Characterization of Gas-Liquid Chromatographic Stationary Phases with Quantum Chem-
ical Descriptors. Journal of Chromatography A, 1216, 2540-2547.
http://dx.doi.org/10.1016/j.chroma.2009.01.026

Li, J., Zhang, Y. and Carr, P.W. (1992) Novel Triangle Scheme for Classification of Gas
Chromatographic Phases Based on Solvatochromic Linear Solvation Energy Relationships.
Analytical Chemistry, 64, 210-218. http://dx.doi.org/10.1021/ac00026a022

Zenkevich, I.G. and Makarov, A.A. (2005) A New Application of McReynolds Constants to
the Characterization of the Chromatographic Properties of Stationary Phases. Journal of
Analytical Chemistry, 60, 845-850. http://dx.doi.org/10.1007/s10809-005-0193-8

Zamora, A. (1976) An Algorithm for Finding the Smallest Set of Smallest Rings. Journal of
Chemical Information and Computer Sciences, 16, 40-43.
http://dx.doi.org/10.1021/ci60005a013

ChemSpider (2015) Search and Share Chemistry.
http://www.chemspider.com/Search.aspx

Palm, K., Luthman, K., Ungell, A.L., Strandlund, G. and Artursson, P. (1996) Correlation of
Drug Absorption with Molecule Surface Properties. Journal of Pharmaceutical Sciences, 85,
32-39. http://dx.doi.org/10.1021/js950285r

Palm, K., Stenberg, P., Luthman, K. and Artursson, P. (1997) Polar Molecular Surface
Properties Predict the Intestinal Absorption of Drugs in Humans. Pharmaceutical Research,
14, 568-571. http://dx.doi.org/10.1023/A:1012188625088

Ertl, P. (2007) Polar Surface Area. In: Mannhold, R., Ed., Molecular Drug Properties,
Wiley-VCH, Heidelberg, 111-126. http://dx.doi.org/10.1002/9783527621286.ch5

Winiwarter, S., Bonham, N., Ax, F., Hallberg, A., Lennernis, H. and Karlén, A. (1998) Cor-
relation of Human Jejunal Permeability (/n Vivo) of Drugs with Experimentally and Theo-

retically Derived Parameters. A Multivariate Data Analysis Approach. Journal of Medicinal
Chemistry, 41, 4939-4949. http://dx.doi.org/10.1021/jm9810102

Ertl, P., Rohde, B. and Selzer, P. (2000) Fast Calculation of Molecular Polar Surface Area as
a Sum of Fragment-Based Contributions and Its Application to the Prediction of Drug
Transport Properties. Journal of Medicinal Chemistry, 43, 3714-3717.
http://dx.doi.org/10.1021/jm000942e

KD
+%%, Scientific Research Publishing

99


http://dx.doi.org/10.1016/S0021-9673(01)00560-X
http://dx.doi.org/10.1016/j.chroma.2007.07.028
http://dx.doi.org/10.1039/cs9932200073
http://dx.doi.org/10.1021/ci025530o
http://dx.doi.org/10.1093/chromsci/8.12.685
https://www.sigmaaldrich.com/Graphics/Supelco/objects/7800/7741.pdf
http://dx.doi.org/10.1016/j.chroma.2009.01.026
http://dx.doi.org/10.1021/ac00026a022
http://dx.doi.org/10.1007/s10809-005-0193-8
http://dx.doi.org/10.1021/ci60005a013
http://www.chemspider.com/Search.aspx
http://dx.doi.org/10.1021/js950285r
http://dx.doi.org/10.1023/A:1012188625088
http://dx.doi.org/10.1002/9783527621286.ch5
http://dx.doi.org/10.1021/jm9810102
http://dx.doi.org/10.1021/jm000942e

P. Laffort

[26] Molinspiration (2015) Calculation of Molecular Properties and Bioactivity Score.
http://www.molinspiration.com/cgi-bin/properties

[27] Abdi, H. (2007) Multiple Correlation Coefficient. In: Salkind, N.J., Ed., Encyclopedia of
Measurement and Statistics, Sage, Thousand Oaks, 648-651.

[28] Poole, C.F., Atapattu, S.N., Poole, S.K. and Bell, A.K. (2009) Determination of Solute De-
scriptors by Chromatographic Methods. Analytica Chimica Acta, 652, 32-53.
http://dx.doi.org/10.1016/j.aca.2009.04.038

[29] Ulrich N., (2012) Helmholtz Centre, Leipzig. https://www.ufz.de/index.php?de=39364

[30] Mintz, C., Acree Jr., W.E. and Abraham, M.H. (2006) Solvation Parameters. 2. A Simplified
Molecular Topology to Generate Easily Optimized Values. Journal of Chemical Informa-
tion and Modeling, 46, 1879-1881. http://dx.doi.org/10.1021/ci600254x

[31] Hoffmann, E.A., Rajko, R., Fekete, Z.A. and Kortvélyesi, T. (2009) Quantum Chemical
Characterization of Abraham Solvation Parameters for Gas-Liquid Chromatographic Sta-
tionary Phases. Journal of Chromatography A, 1216, 8535-8544.
http://dx.doi.org/10.1016/j.chroma.2009.09.074

Supplementary Material

Databases associated with this article are freely available, on request to the author:

<paul.laffort@sfr.fr>.

K2
o xd
%%

Scientific Research Publishing

Submit or recommend next manuscript to SCIRP and we will provide best service
for you:

Accepting pre-submission inquiries through Email, Facebook, LinkedIn, Twitter, etc.
A wide selection of journals (inclusive of 9 subjects, more than 200 journals)
Providing 24-hour high-quality service

User-friendly online submission system

Fair and swift peer-review system

Efficient typesetting and proofreading procedure

Display of the result of downloads and visits, as well as the number of cited articles
Maximum dissemination of your research work

Submit your manuscript at: http://papersubmission.scirp.org/

Or contact ojpc@scirp.org

100

K
0:52: Scientific Research Publishing


http://www.molinspiration.com/cgi-bin/properties
http://dx.doi.org/10.1016/j.aca.2009.04.038
https://www.ufz.de/index.php?de=39364
http://dx.doi.org/10.1021/ci600254x
http://dx.doi.org/10.1016/j.chroma.2009.09.074
mailto:paul.laffort@sfr.fr
http://papersubmission.scirp.org/
mailto:ojpc@scirp.org

	A Revisited Definition of the Three Solute Descriptors Related to the Van der Waals Forces in Solutions
	Abstract
	Keywords
	1. Introduction
	1.1. Parameters of Solutes
	1.2. Solvent Parameters of Stationary Phases
	1.3. Results Concerning the Molecular Interpretation of Solute and Solvent Parameters Get in the Previous Studies
	1.3.1. On the Parameters Related to the Hydrogen Bonding Forces
	1.3.2. On the Parameters Related to the Van der Waals Forces


	2. Material and Methods
	2.1. Statistical Tools
	2.2. SMT, A Simplified Molecular Topology
	2.3. Solute and Solvent Parameters Data
	2.4. Polar Surface Area
	2.5. Additional Molecular Properties Well Established
	2.5.1. Molar and Molecular Volumes
	2.5.2. Molar Refractivity (MR and MRW)


	3. Results
	3.1. The Solute Parameter of Orientation or Polarity Strictly Speaking
	3.2. Short Recalling and Updating of the Well Established Characterization of the Solute Parameters δ and ε
	3.3. The Solvent Parameters McR b, W and E Equations

	4. Discussion-Conclusion
	4.1. Solute Parameters
	4.2. Solvent Parameters
	4.3. General Comments

	Acknowledgements
	References
	Supplementary Material

