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This paper continues a dialaogue with S. Wold and M. Sj6strom. It is shown that
the disagreement indicated in the title devolves to a question of whether a
methodology needs to be universal and all-encompassing to avoid being charac-
terized as “local” or that it suffices that it is general and widespread. A further
disagreement derives from an unrealistic assessment by Wold and Sjostrom of the
experimental precision that may be expected from usual chemical measurements.
The authors challenge the chemometric community to join with them in an
assessment of the precision of principal components analysis versus linear solva-
tion energy relationships for the correlation and prediction of new experimental
data. It is suggested that usual chemometric performance does not match ad-

vertised claims.

For several years we have been involved with the
chemometricians S. Wold and M. Sjostrom (SW/
MS) of Umeé University in a disputation regard-
ing the comparative merits of the methodologies
of principal components (PC) analysis versus lin-
ear solvation energy relationships (LSER) for the
correlation, rationalization and prediction of
properties that depend on solute-solvent inter-
actions. To describe the current status of this
dialogue, without imposing our own bias or in-
terpretation, we repeat verbatim the abstracts of
the earlier papers. Where we quote SW/MS, the
text is given in italic print.

The dialogue began when SW/MS, correctly
identifying LSER as a subclass of linear free en-
ergy relationships (LFER), published a paper en-
titled “Linear Free Energy Relationships. Local
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Empirical Rules — Or Fundamental Laws of
Chemistry?”.! The abstract of that paper read:
“Two fundamentally different interpretations of
linear free energy relationships (LFERs) and the
causes of breakdowns of one-term LFERs to more
complex ones have been forwarded: (a) the classi-
cal interpretation of LFERs expressing combina-
tions of ‘fundamental’ effects, or (b) an interpreta-
tion where LFERs are looked at as empirical mod-
els of similarity.

In this review we argue against the classical in-
terpretation (a). Instead we provide support for
the second alternative (b), where LFERs are seen
as locally valid linearizations of complicated rela-
tionships. The major argument is that the latter
interpretation is scientifically preferable since it
results in better predictions of new experimental
facts. This is illustrated with data from organic
reactivity and solvent effect studies.” The solvent
effect studies characterized in this manner in-
volved our analysis by the solvatochromic com-
parison method of solvent effects on UV/visible
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spectra of some 4-nitroaniline and 4-nitrophenol
derivatives.??

Our response was in a paper entitled “Linear
Solvation Energy Relationships. Local Empirical
Rules — Or Fundamental Laws of Chemistry? A
Reply to the Chemometricians”.* The abstract of
that paper read, in part, as follows: “...In reply to
the chemometricians, it is shown that hundreds of
physicochemical properties and reactivity para-
meters of many diverse types are described by
equations of the following forms. For solubility
properties of multiple solutes in single solvents,
or distributions between pairs of solvents,

XYZ = (XYZ), + mV,/100 + snf + a(a,) +
b(Bu), 1)

and for effects of different solvents on single in-
dicators or combinations of reactants

XYZ = (XYZ), + h(dy?), + snf + aa, + bB,(2)

where XYZ is a property or quantity that de-
pends on a solute-solvent interaction, V is a mea-
sure of solute molar volume, &, is the solvent
Hildebrand solubility parameter, and n*, o and
are the solvatochromic parameters that scale sol-
ute and solvent dipolarity/polarizability, hydro-
gen bond donor acidity, and hydrogen bond ac-
ceptor basicity. Evidence is offered that, if the
chemometricians are correct, the term local must
be stretched to include every area in chemistry
and many in biology, where physicochemical,
biological, toxicological and pharmacological
properties depend on interactions between sol-
utes and solvents”.

In addition to the terms in the above equa-
tions, the LSER methodology sometimes re-
quires a “polarizability correction” parameter &
in combination with t*, and for certain “family
dependent” properties, a coordinate covalency
parameter & in combination with 3. The subscript
1 in the above equations indicates that the para-
meter applies to the solvent, the subscript 2 in-
dicates that the parameter applies to the solute,
and the subscript m indicates that, for com-
pounds which are capable of self-association by
amphi-hydrogen bonding, the parameter applies
to the non-self-associated “monomer” form.

We also pointed out in that paper* that “if the
chemometricians believe that improved predic-
tions are the main purposes of LFER and LSER,
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they fail to understand the purpose or the main
utility of such correlations, which is in improved
understandings of the underlying phenomen-
ology. If one compares their contributions to bet-
ter understandings, the substituent parameters in
LFERs and the solvatochromic parameters in
LSERs convey far more information than Sjo-
strom and Wold’s first, second, third, fourth, and
n™ principal components. Thus, st* always
stands for solvent (or solute) polarity, mV for
molar volume, o for hydrogen bond donor
(HBD) acidity, and B for hydrogen bond accep-
tor (HBA) basicity. By way of contrast, 6,, 6,, 65,
and 8, bring no physical property to mind” (and,
indeed, correspond to different combinations or
properties in each different correlation).

SW/MS’s reply to the above was given in a
paper entitled, “Linear Free Energy Relation-
ships. Local Empirical Rules — Or Fundamental
Laws of Chemistry? A Reply to Kamlet and
Taft.™* The abstract of that paper was as follows:
“In a recent article, Kamlet and Taft challenged
our view that linear free energy relationships
(LFER), and in particular linear solvation energy
relationships (LSER) are best seen as locally valid
linearizations of complicated functional relation-
ships. We here give evidence that our view is sup-
ported by observed data, while the one of Kamlet
and Taft is not.

We do not challenge the statement of Kamlet
and Taft that their LSER fits a large number of
solvent effect data with some statistical signifi-
cance. We show, however, that in these data, as
well as other data measured on series of chemical
reactions, there are systematic parts which cannot
be predicted by general models like the LSER of
Kamlet and Taft.

These system specific regularities are often not
negligible and sometimes substantial, which
means with our vocabulary that a given LFER or
LSER is not generally applicable. Indeed, this has
often been found by Kamlet and Taft, who fre-
quently discover ‘outliers’ and unpredictable dif-
ferences in behavior between families of solvents
when applying their LSER.

To be predictively efficient, a model should be
recalibrated for each new investigated system. This
is easily done with modern data analytic methods,
such as PLS modeling.” With the above as pro-
logue, we now continue the dialogue by respon-
ding to this most recent contribution by SW/MS.



Do LSER or PC analyses lead to better
understandings?

In response to our claim that LSERs lead to
improved understandings compared with princi-
pal components analyses, SW/MS stated as fol-
lows: “Kamlet and Taft state that their ‘general’
LSER is preferable to statistically estimated local
LSERs because the ‘general’ model gives an un-
derstanding of the system while local models in the
form of PC models do not. To this we would like
to give an answer on two levels.

First, since locally estimated models give better
fit and better predictions, the ‘general’ model is in
some fundamental way incomplete and the ‘under-
standing’ thereby reached is not, in our view, a
good one. To not mislead users of LFERs and
LSERs we have preferred to use locally estimated
parameters which are not transportable to other
systems.

Second, however, we realize man’s desire to use
generally applicable concepts and models. If we
with understanding mean seeing the relations be-
tween the presently investigated system and other
ones, we agree that the PC models and their score
vectors t with loadings p do not immediately con-
vey this understanding. This ‘understanding’ can,
however, be reached by a subsequent rotation of
PC solution to agree as well as possible with estab-
lished scales, so-called target rotation.”

We have pointed out elsewhere® a number of
illustrative examples of “target rotation” gone
awry. For example, Cramer’ has indicated that
the C principal component in his BC(DEF) prin-
cipal component set (which we consider the most
generally successful of the various chemometri-
cally derived solvent parameter scales) can be
related by target rotation to molecular cohesive-
ness. He has also demonstrated that the C princi-
pal component is the leading term influencing
solvent effects on UV/visible E(30) values.
However, for a UV/visible spectral shift to de-
pend on solvent “cohesiveness”, there would
need to be a change in volume between states,
which is a clear violation of the Franck-Condon
principle. The reason for Cramer’s misconcep-
tion lay in the fact that, for that data set, there was
a coincidental covariance between solvent self-
association by amphihydrogen bonding and sol-
vent HBD acidity.

A more general and more important criticism
of “target rotation” as a means of relating princi-
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pal components to “established scales” which
quantify (or attempt to quantify) fundamental
physicochemical properties of molecules is as fol-
lows. The chemometricians have usually been
successful in relating their first principal compo-
nents to properties regarded as fundamental by
most physical organic chemists (i.e. molar vol-
ume, dipole moment, polarizability functions
based on refractive index, dielectric constant,
etc.).

However, principal components analysis re-
quires that the second principal component be
orthogonal to the first, the third orthogonal to
the first and second, and the n' orthogonal to the
first through (n—1)" in n-dimensional space.
Since fundamental properties in nature are rarely
orthogonal, it logically follows that second, third
and n'" principal components can very seldom be
related to single properties or scales, but rather
to combinations of such properties. Except in the
hands of skilled practitioners of the art, un-
ravelling the contributions of these combinations
or properties to n™ principal components can be a
formidable, perhaps impossible task.

A recent analysis of the chemometrics of sol-
vent basicity by Maria, Gal, de Franceschi and
Fargin® has shown how powerful a tool principal
components analysis and target rotation can be in
the hands of scientists who have sophisticated a
priori knowledge of and experience with the
property being studied. More frequently, how-
ever, “target rotation” has led only to murky
generalizations regarding the physical signifi-
cance of the second through n'" principal compo-
nents.

Or to better predictions?

An example in the latter category, which is of
particular interest to us because we have recently
examined the same property using the methodo-
logy of LSER, is a recent statistical analysis of the
partition coefficient by Dunn, Grigoras and Jo-
hansson.' The study was an extension of earlier
work by Dunn and Wold," and in both instances
the data were those assembled by Hansch and
Leo."

Dunn and his coworkers set up a log P matrix
for 51 solutes for which solvent/water partition
coefficients were available for the solvents: 1-oc-
tanol, diethyl ether, chloroform, benzene, car-
bon tetrachloride and hexane. They reported as
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follows: “The application of PCFA to the ... data
resulted in a 2-component ... model being signif-
icant. The first and major component accounted
for 77 % of the variation of the log P data while
the second accounts for an additional 17 % and a
total of 94 % of the variance about the mean of the
columns of the data matrix being accounted for
(corresponding to a correlation coefficient of
about 0.97). These results are consistent with our
earlier report (i.e. that with Wold)" and sub-
stantiate the stability of the analysis.”

The first PC was found to correlate roughly
with solvent-accessible surface area, SASA, and
somewhat better (r = ca. 0.90) with solvent-ac-
cessible non-polar surface area (SASA minus hy-
drogen-bonded surface area). No firm conclusion
was reached regarding the significance of the sec-

be discussed in detail in future publications. V/ is
intrinsic (van der Waals) molar volume. These
equations convey significant information regard-
ing solvent/water partition. They show that the
leading terms influencing partition are the cavity
and hydrogen bonding terms, with dipolarity and
polarizability exerting only a secondary effect. As
will be discussed in future papers, the relative
cavity terms (mV,/100) are consistent with rela-
tive solvent cohesiveness (as measured by 83).
The responses to solute HBA basicity are consis-
tent with relative solvent HBD acidity, and the
responses to solute HBD acidity are consistent
with relative solvent HBA basicity. Moreover, as
we have demonstrated for aqueous solubility®
eqns. 3—6 allow us to dissect free energies of
transfer for each solute from each solvent into

log K(octanol/H,0) = (0.3120.4) + (5.35+0.05)V,/100 — (1.05+0.04)x*
+ (0.35+0.03)0 — (3.84+0.06)B + (0.10£0.04)ct,, 3)

n = 245,r = 0.9959, s.d. = 0.131.

log K(CHy/H,0) = (~0.01+0.13) + (6.23+0.18)V,/100 — (0.18+0.12)r*
+ (0.24+0.08)5 — (4.79+0.15)B — (2.73+0.08)ct, @)

n=43,r =0.9959, s.d. = 0.124.

log K(CHCI,/H,0) = (0.0120.13) + (6.12+0.20)V,/100 + (0.28+0.17)*
— (0.06+0.09)8 — (3.62+0.18)p — (3.27%0.09)a,, (5)

n =48, r = 0.9944, s.d. = 0.156.

log K(CCI,/H,0) = (0.45+0.14) + (6.25+0.15)V,/100 — (0.75+0.12)r*
— (0.110.06)5 — (5.28+0.16)p — (3.18+0.09)a,, (6)

n=154,r =0.9949, s.d. = 0.142.

ond PC. They observed that there was some ap-
parent relationship between it and solute struc-
ture; it was large and negative for acidic solutes,
near zero for neutral solutes, and the basic solu-
tes were at the other extreme to the acids. No
inkling was given as to how these two PCs could
be estimated for new solutes in order to achieve
predictive ability.

By way of contrast, we had available to us the
same data base!' as was available to Dunn and
Wold, and, using the methodology of LSER with
eqn. 1, we arrived at eqns. (3)—(6) for solvent/
water partition coefficients (which extend earlier
work by ourselves'?’® and Leahy'*) and which will
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water into the contributing solute-solvent interac-
tion terms.

Further, parameter estimation rules have been
devised which allow the V; values and the sol-
vatochromic parameters for potentially thou-
sands of new solutes to be calculated. From these
and eqns. 3-6 it becomes possible to predict sol-
vent/water partition coefficients with a precision
that is well beyond the “level of exhaustive fit”
(vide infra).

The above comparison does not misrepresent
the relative state-of-the-art in PC analyses vs.
LSER. In future publications we shall bring many
similar comparisons to the attention of the che-



mometric and physical organic chemical commu-
nities. We hope that, in the absence of evidence
at least as compelling as that presented here and
in these future papers, SW/MS will desist in their
claim that PC analysis leads either to better un-
derstandings or to more accurate prediction of
new experimental data than LFER and LSER.

How shall we define ”local”?

To avoid being characterized as “local”, need a
methodology be “universal and all encompass-
ing” or should “widely applicable” suffice? In
their recent response,” SW/MS “do not challenge
the statement of Kamlet and Taft that their LSER
fits a large number of solvent effect data with some
statistical significance”, but emphasize the follow-
ing points: (a) there are outlier points which we
exclude from our correlations; (b) many of our
correlations are for subsets of the data, e.g. for
results in a set of “select” solvents for which n*
values are very nearly proportional to molecular
dipole moments; and (c) in some instances it has
been necessary to enlist additonal solute and sol-
vent properties to those in eqns. 1 and 2, the
example cited by SW/MS being when “Kupfer
and Abraham find it necessary to take into ac-
count such additional effects as may be operative
for the XYZ studied, such as solvent viscosity in
fluorescence relaxation procedures.”

These statements are true, but they are also
perfectly consistent with the methodologies of
both LSER and PC analysis. The exclusion of a
point identified as a outlier is a valid technique
for handling data; it is the criteria for identifica-
tion of a point as such that can result in dis-
agreement. A point may be identified un-
equivocally as an outlier if it is demonstrably the
result of an erroneous measurement or a typo-
graphical error in a published report. The prob-
lem arises in the demonstration of the error. It is
not always possible to prove that an error in
measurement or reporting has been made, but
evidence can be marshalled to support such a
conclusion. For example, the deviation of a single
point in a homologous series from a progression
of values that is observed for all other members
of the series is often indicative of an erroneous
data point.

Another legitimate reason for excluding a data
point is the failure of that point to conform to the
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recognized limits of the property being modeled,
whether the treatment is by LSER or by PC
analysis. One should not, for example, be able to
include in a correlation of non-specific narcotic
effects a compound that is known to act by a
specific “reactive” mechanism, such as enzyme
inhibition. Indeed, a fair measure of the relative
efficacy of treatments by the LSER and PC meth-
ods could well be their ability to recognize and
identify the compounds that should properly be
excluded as “outliers”.

Further, an important aspect of eqns. like (1)
and (2) is that they often provide more informa-
tion about the compounds that do not fit the
correlations than about the ones that do. As an
example, we have offered evidence'® that carbox-
ylic ester “outliers” relative to an equation for
toxicity to the golden orfe fish undergo in vivo
hydrolysis (differences between observed and
predicted toxicities were linear with alkaline hy-
drolysis rates). In a similar vein, identification of
outliers to an equation for solubility of organic
non-electrolytes in blood led to the finding that
less soluble compounds undergo sequestration in
hydrophobic pockets in hemoglobin.!”

The identification of compounds which should
properly be “outliers” can be impaired by a fail-
ure to include as descriptive variables parameters
which correctly identify a compound as unique in
some molecular property (such as hydrogen bond
donor ability). This can lead to serious “poison-
ing” of the data matrix, as we have suggested'®
has been the case for acetonitrile solvent in a
study of solvent effects on indenyllithium *C
NMR shifts by Eliasson, Wold and coworkers."

The second and third criticisms offered by
SW/MS are, in some respects, two sides of the
same coin. In an example of the former case, we
have used an additional parameter in our (7* +
dd) formalism to accommodate classes of com-
pounds that are distinguishable from one another
in a specific aspect, viz. polarizability.” The &
parameter is quantized and has discrete values of
0.0 for non-polychlorinated aliphatic compounds,
0.5 for polychlorinated aliphatics, and 1.0 for
aromatic compounds, reflecting the fact that po-
larizability characteristics within each class are
reasonably similar. Our treatments of subsets
have usually been the restriction of analyses to
compounds for which the § parameter is the same
(e.g., & = 0.0 for “select” solvents), and any
dependence on it cannot be isolated.
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This would be akin to selecting compounds
that are observed to cluster together in a plot of
one principal component versus another, and
treating them separately rather than adding an-
other 0 to account for the clustering. In PC analy-
sis there is nothing to be gained by this selection
procedure; the principal components are already
divorced from physically recognizable properties,
so that interpretation is not necessarily clarified
by handling subsets of the data. This is not true
for LSERs, where great importance is attached to
the use of physically meaningful parameters. As
an example where we have restricted our correla-
tions to “select” solvents, isolating the solvent
dipolarity effect (snt*) on Menschutkin reaction
rates in the absence of the polarizability effect
(dd) has allowed us to estimate the transition
state dipole moments.?!

As to criticism (c) of SW/MS, we find it diffi-
cult to understand why they should object to the
use of the appropriate number of variables re-
quired to describe all the factors that influence a
property such as a fluorescence lifetime, partic-
ularly if each variable is explicitly related to a
specific type of solute-solvent interaction. In PC
analysis, one uses as many principal components
as are needed to achieve the desired goodness of
fit. In LSER, we operate under the restriction
that an additional variable is not used, even one
that significantly improves the goodness of fit,
unless the property studied is explicitly related to
the solute-solvent interaction measured by that
additional parameter. The fact that all solution-
dependent properties are not influenced by sol-
vent viscosity, for example, should not preclude
its use when it clearly influences the XYZ in
eqn. 2.

Criticism (c) appears to reflect SW/MS’s view
that any equation or methodology that falls short
of predicting all solute-solvent interactions for all
solutes in all solvents with a single a priori set of
fully defined and restricted parameters must be
characterized as “local”.

We, on the other hand, prefer the usual dictio-
nary definition of “local” as that which is not
general or widespread. We feel that to character-
ize as “local” equations, and solvent, solute and
substituent parameters which have found such
widespread applicability in so many areas of
chemistry and biology goes against this definition
and should therefore be acceptable neither to
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lexicographers nor to chemists, nor even to che-
mometricians. Our concluding remarks in a re-
cent review article”? which summarize our argu-
ments in support of LSER were as follows:
“The point that we have tried to make in the
aforegoing discussion is not simply that we have
an equation and methodology that allow us to
predict solubilities in blood and toxicities to the
golden orfe. It is rather that the same B para-
meter (for non-self-associating compounds) that
is the leading term influencing S(blood) and LCy,
also linearly correlates ’F NMR shifts of 5-fluo-
roindole and 'H NMR shifts of 2-methyl-
but-1-ene-3-yne with correlation coefficients of
0.992 and 0.996. The same m* parameter as will
provide important information regarding the
mechanism of tadpole narcosis, toxicity to Photo-
bacterium phosphoreum, and possibly the ‘rap-
ture of the deep’ experienced by deep sea divers,
also correlates non-hydrogen bonding solvent ef-
fects on UV/visible spectra of 47 indicators, and
relates twelve other solvent property scales to
one another and to molecular dipole moments”.
“All of these results fit together in a mutually
consistent and mutually supporting framework of
biochemical and physicochemical properties and
reactivity parameters which validate both the
data base and the methodology. That a §§ value of
0.48 allows equally well the prediction of both the
ECy, value of acetone solute in the Microtox test
and the v,,, value of 4-nitroaniline indicator in
acetone solvent indicates that this f value is likely
to be correct, and that it reflects a fundamental
physicochemical property of the molecule”.

Usual experimental precision and
“exhaustive fit”

We next address the important question of what
levels of experimental uncertainties chemists and
chemometricians expect in usual types of phys-
icochemical measurements. In a section entitled,
“The difference between significant and exhaustive
fit”, SW/MS write:®

“Another way to express the difference in views
between K-T and ourselves is that the former re-
gard a model applicable when it fits the data set
better than chance (statistically significant fit). All
their arguments ... are based on the fact that their
LSER shows a statistically significant fit to a large
number of data series. This fact we do not dispute.



Their model shows a statistically significant fit to
all of these data.

Chemical data have good precision, usually
2-3%. To be of any practical or theoretical in-
terest, a model must fit data better than just on the
level of statistical significance. The optimal level of
fit where the model explains all regularities in the
data we call the exhaustive level. We mean that
K-T, to show that their model is generally applica-
ble, should show that their model reaches at least
nearly this level of regularity exhaustion.

K-T make no efforts to show how near the level
of exhaustion their model comes. In fact their own
results indicate that the fit of their LSER to mea-
sured data is significantly less than exhaustive. In
Table 1 we tabulate the residual standard devia-
tions as given in Ref. 1 (our Ref. 4) for the ten
data sets (a through k) they use as illustrations of
their LSER applicability.”

We see that in all cases where experimental pre-
cision is known, the fit of the K-T LSER is not
close to this precision. In several cases the fit is
much worse (examples a, c, d, e).

Let us now consider how real-world levels of-

experimental precision compare with usual
LSER standard deviations. In example a, a corre-
lation of molar solubilities in water of 93 liquid
aliphatic solutes,” we reported an r value of
0.994 and an s.d. of 0.144 log units (we have since
expanded the correlation to include 105 solutes,
with r = 0.995 and s.d. = 0.137 log units).**
SW/MS state that the experimental precision of
such measurements is 0.03 log units. The data
that we used were from a large number of differ-
ent laboratories, and to evaluate the usual extent
of agreement between presumably replicate mea-
surements of solubilities by different researchers,
as well as the vulnerability of the calculational
method to a datum which is available from only
one source (as was the case for many of our
data), some log molar solubilities in water at
25°C assembled from different sources by Yal-
kowsky and coworkers? are illustrative. Ranges
for a number of representative solutes are as
follows:

CCl, -1.99 to —2.30
CH,CH,NO, -0.22to —0.44
CH,COOCH, +0.63 to —0.18
CH;NO, —1.80 to —2.09
cyclohexanone —0.05 to —0.61
C,H,COCH; —0.46 to —1.66
1-C,H,OH +0.08 to —0.05.
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These are not extreme examples, but are fully
representative of the current state-of-the-art in
aqueous solubility measurements.

As another example, Tewari and coworkers®
recently compared their newly determined aque-
ous solubilities with literature results. Some rep-
resentative comparisons of log S, values are as
follows:

CH;CH, —2.20 vs. —2.23
1,4-CHH,(CH;), —2.69vs. —2.83
1-C,H,Br —2.20 vs. —2.38
CgHyg -5.02 vs. —5.22
CH,COOC,H, —1.27 vs. —0.69.

Also, these workers’ log S, value for nitroben-
zene is —1.51, to be compared with the range of
—1.80 to —2.09 reported by Yalkowsky (above).

Although experimental determinations of
aqueous solubility for some classes of compounds
may be accurate to within 0.03 log unit, and some
techniques may be precise to within these limits,
accuracy and precision are not the same, and the
limits quoted by SW/MS are certainly not appli-
cable to the collection of data that we treated.
The standard errors of the estimates of our solu-
bility, partition and toxicity correlations compare
quite favorably with the precision and accuracy of
the data available to us. Indeed, based on the
definition by SW/MS, and the reproducibility be-
tween laboratories shown above, we would con-
sider that an s.d. of 0.30 log units would constitu-
te a reasonable level of exhaustive fit for pre-
diction of aqueous solubility of liquid
non-electrolyte solutes. Our standard deviations
are well below this value (the reader might also
wish to consider how relatively close to exhaus-
tive fit the LSER predictions of solvent/water
partition coefficients given by eqns. 3-6 are, com-
pared with the PC analysis predictions by Wold,
Dunn and coworkers discussed above).

The next of what SW/MS considered to be
particularly bad examples of non-exhaustive fit to
LSER involved free energies of transfer between
solvents of tetramethylammonium chloride dis-
sociated ions. We reported an s.d. of about 0.6
kcal mol™!; SW/MS estimated that the experi-
mental precision of such measurements should be
0.1-0.2 kcal mol™". In the original paper” we had
described, as follows, how the free energies of
transfer had been determined. “The data to be
treated are the free energies of transfer of the
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tetramethyl- and tetraecthylammonium chloride,
bromide and iodide dissociated ions (DI) and ion
pairs (IP) from methanol to up to seventeen
widely varying aliphatic solvents. Abraham has
reported molar solubility data for the tetraalkyl-
ammonium halides in these solvents and, using
literature data for ion pair association constants,
has calculated free energies of solution of the
dissociated species R,N*+X~ and ion pairs
R,NX".

Knowing the approximations involved in the
estimation of ion pair association constants in
organic solvents of widely varying polarity, most
knowledgeable solution chemists would agree
that precisions near 0.6 kcal mol™' for the free
energy of transfer estimates are at or beyond the
state-of-the-art for such data. Again there should
be no question that here our LSER correlations
fully meet all requirements for exhaustive fit.

Another of SW/MS’s bad examples involved
solvent effects on the UV/visible spectrum of
3,5-dinitroaniline. We reported s.d. = 0.10x10°
cm™!; SW/MS estimated that the precision of the
measurements should be 0.01-0.03x10* cm™.
Here, with modern instrumentation (although
modern instrumentation was not used for the
data that were correlated), they are correct about
the precision that is possible. They are not cor-
rect, however, as to what constituted exhaustive
fit to UV/visible spectral measurements.

The reason is that, although the numbers being
correlated are the positions of the UV/visible
band maxima, the property that should fit the
LSER is the zero-zero transition energy. Many
workers, including most recently Nicolet and
Laurence,”® have noted that UV/visible band
shapes change from solvent to solvent. This is
because of n—x* bands lying under the m—x*
bands, band overlap with the tails of higher en-
ergy Rydberg bands, and vibrational fine struc-
ture. As a consequence, the correspondence of
Vmax Values with the zero—zero transition energies,
even for “well behaved” spectra is seldom better
than 0.10x10° cm™!. On the basis, we again feel
that the precision of our correlations of UV/vis-
ible spectral data meet SW/MS’s requirements
for exhaustive fit.

Indeed, we are grateful to SW/MS for intro-
ducing us to the concept of exhaustive fit, which
we feel validates rather than weakens our LSER
methodology. The comparisons confirm that if
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“local effects” have, indeed, influenced the prop-
erties that we have correlated by eqns. 1 and 2,
their contributions to the numerical data that
have been reported have usually, but not always,
been below the level of “exhaustive significance”
(which term we feel should become at least as
important to the correlational chemist and the
chemometrician as “statistical significance™).

The above notwithstanding, we do not feel that
any four parameter equation should, unassisted
by other input properties, need to meet SW/MS’s
exhaustive fit criterion to avoid being character-
ized as “local”. We do not disagree that myriad
other solute and solvent properies may influence
solute-solvent interactions. We have mentioned
viscosity and the “polarizability correction” pa-
rameter, 0, in the (* + dd) formalism, as well as
the coordinate covalency parameter, &, which is
used to correlate “family dependent” basicity
properties. Other additional input parameters
that come to mind are log P,,, which we use in
the correlation of gas/water partition coefficients
and Henry’s law constants,? and log(L'), the
Ostwald coefficient in hexadecane, which we
have used in polymer solubility and GLC correla-
tions to measure the energetics of the transfer
process from the vapor phase to a condensed
phase wherein the solute interacts only by virtue
of dispersion forces (i.e. those forces not ade-
quately measured by nt*, o and B).

Also, we have reported® that, for reasons that
are not completely clear, but which may involve
n—n interactions (vertical stacking) in the neat
aromatic liquid solute, different aqueous solu-
bility relationships are required for aliphatic and
aromatic solutes (we feel that energies required
to separate the single solute molecules from the
bulk liquid solutes may have larger endoergic
dependences on ©t* in the aromatic than the ali-
phatic series). If these differences reflect true
natural phenomenology, should this make us sub-
ject to SW/MS’s criticism for treating the aliphat-
ics and aromatics as different subsets of the data?
Further, in aqueous solubility correlations, to ac-
count for the endoergic process of converting the
solid solutes to “supercooled liquids” at 25°C, an
additional term in (m.p. —25) needs to be added
to eqn. 1. Should this mean that eqn. 1 should be
characterized as “local” because it will not ac-
commodate solid solutes in the absence of such a
term? We think not.



A challenge to the chemometricians

The claim by SW/MS (and by chemometricians in
general) that PC analyses lead to better predic-
tions of new experimental facts than LFER or
LSER has too long gone unchallenged. After
extensive perusal of the chemometrics literature,
we have come to the conclusion that the chemo-
metric product rarely satisfies the claims made in
the chemometric advertisements.

“Exhaustive fit” can be a two-edged sword. Let
us use this criterion for the comparison of the
methodologies. We claim to have surpassed the
level of exhaustive fit in the correlation of sol-
vent/water partition coefficients, free energies of
transfer of tetraalkylammonium halides between
solvents, and solvent effects on UV/visible spec-
tra, as discussed above. Other published correla-
tions where the methodology of LSER has met or
surpassed this criterion include aqueous solubi-
lities,*? large numbers of HPLC correla-
tions,*! and toxicities of organic non-electro-
lytes to the golden orfe fish'® and Photobacterium
phosphoreum.? Can the same be said for the
chemometric approach? We know of few, if any,
examples of achievements of exhaustive fit by PC
analysis of any solubility, partition or toxicology
property.

We now invite the chemometrics community to
analyze these same data bases using their metho-
dology, and to compare their results with ours in
terms of both the precision of the correlations
and the information that can be gleaned from
them regarding the solute-solvent interactions in-
volved. In the light of their continued derogation
of our methodology and exaltation of their own,
we feel that this is a challenge that SW/MS can
hardly ignore. However, we now extend the chal-
lenge to other chemometricians. Let us compare
the methodologies with any solubility, partition,
or toxicology data base of their choice which is
amenable to treatment by both methodologies.
Let us agree to publish the results in papers si-
multaneously submitted to the same journal.

We do think it fair, to advise the chemometric
community of some preliminary comparisons that
we have carried out with data sets which should
strongly favor the PC approach over LSER. We
have mentioned that we consider Cramer’s BC
(DEF) principal component set’ to be the most
generally useful of the chemometrically derived
solvent property scales; it is also usually the most
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accurate. Cramer’s five components were initially
derived for 114 compounds from a six-property
matrix comprising log (aqueous activity coeffi-
cient), log (octanol/water partition coefficient),
molar refractivity, boiling point, molar volume,
and enthalpy of vaporization. Based on this first
set of PC parameters, Cramer then devised an
additive-constitutive method for the estimation
of new BC(DEF) values, and used these to pre-
dict a wide variety of properties, including new
aqueous activity coefficients and octanol/water
partition coefficients.

As we shall report in detail elsewhere, despite
the fact that the solvatochromic parameters were
derived mainly from UV/visible, NMR, and IR
spectral measurements, whereas the two solu-
bility properties contributed to the formulation of
BC(DEF), LSER and BC(DEF) perform about
equally well for the prediction of new aqueous
activity coefficients and octanol/water partition
coefficients. With other solubility properties,
such as other solvent/water partition coefficients
and HPLC capacity factors, LSER has performed
significantly better than BC(DEF) in the exam-
ples so far tested. Thus, we have abundant reason
to believe that, in addition to providing better
understandings, LSER equals or surpasses the
predictive accuracy of PC analysis (as currently
practiced, if not in theory).

Concluding comments

One further statement by SW/MS requires rebut-
tal, namely that’ “Since K~T now have about ten
adjustable parameters (those in eqns. 1 and 2 plus
O and C) in their LSER, their use of multiple
regression for the data analysis necessitates 40-50
data points per analyzed series to make the RSD a
good measure of the predictive power of the
model.” After so many years of analyzing each
other’s methodologies, SW/MS should know bet-
ter. They must certainly be aware that four of the
parameters apply only to solvent properties (sub-
script 1), and four to solute properties (subscript
2), and that for non-self-associating compounds
the parameters are usually identical. Further, un-
like PC analysis, where one tries as many ad-
justable parameters or principal components as
are required to give the desired fit, we have set
forth strict requirements that need to be met
before an additional solvatochromic parameter is
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used. Thus, where there is no change of volume
between states, V, drops out of eqn. 1 and (&%),

dro

ps out of eqn. 2. If the solutes are not hydro-

gen bond donors, the (a,), and §; terms drop

out

, etc. As a result, we have rarely used as many

as five parameters in our LSER, and usually use
fewer than four.
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