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Sjostrom and Wold have suggested that, rather than being considered as combinations of
fundamental effects, linear free energy relationships (LFERs) and linear solvation energy
relationships (LSERs) should be regarded as local empirical models of similarity or locally
valid linearizations of complicated relationships. In reply to the chemometricians, it is shown
that hundreds of physicochemical properties and reactivity parameters of many diverse types
are described by equations of the following forms: For solubility properties of multiple solutes
in single solvents, or distribution between pairs of solvents,

XYZ=XYZ,+mVy/100+s7*,+a(am)2+b (B2
and for effects of multiple solvents on single indicators or combinations of reactants,
XYZ=XYZ,+h(6a%)+sn*1+aa,+bpy,

where Vis the solute molar volume, Jy is the solvent Hildebrand solubility parameter, and 7*,
a, and B are the solvatochromic parameters that scale solute and solvent dipolarity/
polarizability, hydrogen bond donor acidity, and hydrogen bond acceptor 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, toxicologic-
al, and pharmacological properties depend on interactions between solutes and solvents.

In a paper in This Journal,? whose title, “Linear Free Energy Relationships. Local Empirical
Rules — Or Fundamental Laws of Chemistry?”, differs from the title of the present paper
only in that the word Free replaces the word Solvation, Sj6éstrom and Wold posed a set of
questions and suggested a set of answers which are summarized in the following abstract,
taken directly from their paper.

“Two fundamentally different interpretations of linear free energy relationships
(LFERs) and the causes of the breakdowns of one term LFERs to more complex ones have
been forwarded: (a) The classical interpretation of LFERs expressing combinations of
“fundamental” effects, or (b) an interpretation where LFERs are looked at as empirical
models of similarity.” '
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“In this review we argue against the classical interpretation (a). Instead we provide
support for the second alternative (b) where LFERs are seen as locally valid linearizations of
complicated relationships. The major argument is that the latter interpretation is
scientifically preferable since it results in better predictions of new data from experimental
facts. This is illustrated with data from organic reactivity and solvent effect studies.”

Among the properties represented by Sjéstrom and Wold as loeally valid linearizations
were solvent effects on UV/visible spectra of some nitroaniline derivatives, which the
authors of the present paper had unravelled, correlated and rationalized in terms of the
solvatochromic parameters, n*, a, and ﬂ.3‘ S The conclusion intended to be drawn from
Sjostrém and Wold’s analysis was that all solvent dependent properties, similarly correlated
by our solvatochromic comparison method, should similarly be regarded, not as analyses of
solute/solvent interactions in terms of fundamental physicochemical properties of both the
solutes and the solvents, as intended by the present authors, but rather as no more than
locally valid linearizations. In the present paper we shall offer evidence that, if Sjéstrom and
Wold are correct, the term locally must be stretched to include every area of chemistry, and
many of biology, where physicochemical, biological, pharmacological, and toxicological
properties depend on interactions between solutes and solvents.

The solvatochromic parameters and equations. We now estimate, and will attempt to
demonstrate in the present paper that, given a physicochemical, biological or toxicological
property that is governed by a solute/solvent interaction, and given measured or estimated
solvatochromic parameters of the solutes or solvents involved, there is a better than 80 %
(possibly 90 %) likelihood that equations can be derived which will allow predictions of this
property for new solutes or solvents. Further, more often than not, the precision of the
prediction should be as good as or better than the usual precision of the experimental
measurement (this is particularly true of toxicological properties). Further still, in marked
contrast to the types of correlations suggested by Sjostrom and Wold, the correlation
equations will often contribute to detailed and quantitative understandings of the molecular
interactions involved in the property studied.

The solute and solvent properties, solvatochromic parameters, that have been used in
these correlations are as follows:*

n*, A measure of solute or solvent dipolarity/polarizability. For “select solvents”,
nonprotonic aliphatic solvents with a single dominant bond dipole, n* values are
proportional to molecule dipole moments.®

8, A “polarizability correction term”.’

a, A scale of hydrogen bond donor (HBD) acidities; applies to self-associating
compounds when they are acting as solvents.

am, Applies to self-associating compounds when they are acting as “‘monomer” solutes.

B, A scale of hydrogen bond acceptor (HBA) basicities; applies to self-associating
compounds when they are acting as solvents.

B, Applies to self-associating compounds when acting as ‘“monomer” solutes.

o, An amphiprotic hydrogen bonding parameter, used for amphiprotic compounds in
aqueous solution in place of . For unsubstituted alkanols, o= f,.

84, The Hildebrand solubility parameter; ;> measures the solvent’s contribution to the
cavity term.

V, The solute molar volume, usually taken as the molecular weight divided by the liquid
density at 25 °C. Vmeasures the solute’s contribition to the cavity term. We use V7100 so that
the cavity parameter should cover roughly the same range as the dipolarity/polarizability and
hydrogen bonding parameters, which makes easier the evaluation of the contributions of the
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three types of effects to the solubility property studied.

&, A coordinate covalency parameter used to correlate some basicity-dependent
properties; £ reconciles the f scale with the pK, scale.

We shall show that a large number of solubility and solvent dependent properties, XYZ,
depend on three types of terms, eqn. (1), where a cavity term measures the free

XYZ=XYZ,+-cavity term+dipolar term+hydrogen bonding term 1)

energy or enthalpy input required to separate the solvent molecules to create a suitably sized
cavity for the solute; a dipolar term measures the exoergic effects of solute/solvent
dipole-dipole, dipole-induced dipole, and mutually induced dipole interactions; and a
hydrogen bonding term measures the exoergic effects of hydrogen bonding (or Lewis
acid/base) complexation between the solute and the solvent. Using the convention that
subscript 1 applies to the solvent and subscript 2 to the solute, eqn (1) with solvatochromic
parameters appropriately included becomes:

XYZ=XYZ,+A(8)1V4/100+ Br* 1 7%+ Cay(Bn)a+ DPi(0m)2 2

Eqn. (2) applies to biological media, such as blood and brain homogenate, and to
polymer solvents, as well as to pure liquid solvents.

When effects of multiple solvents on a single solute or set of reactants are involved,
correlations are expressed in terms of the solvatochromic parameters of the solvents, eqn.

3)-
XYZ=XYZ,+h(2)+s7* +aa;+bp; 3)

Conversely, when solubility properties of multiple solutes in single solvents, or
distributions between pairs of solvents are involved, correlations are expressed in terms of
the solvatochromic parameters of the solutes, eqn. (4)

XYZ=XYZ,+mVy/100+sn*,+bp(or By, or 0),+aa(or ay), @

Where aromatic and aliphatic solutes or solvents are included in the same correlation,
the 8 parameter often needs to be used in conjunction with 7*.” For certain types of “family
dependent” basicity properties,>* the £ parameter needs to be used in conjunction with f.

In practice, most of the linear solvation energy relationships have been simpler than
indicated by eqn. (3) and (4), because one or more of the terms have not been appropriate.
Thus, if the XYZ does not involve creation of a cavity or a change in cavity volume between
states, the term in (84%); drops out of eqn. (3) and that in ¥;/100 drops out of eqn. (4). If
only non-HBD solvents are considered, the term in ; drops out of eqn. (3) and that in B,
out of eqn. (4). Conversely, if solutes are not hydrogen bond donors or Lewis acids, the term
in B, drops out of eqn. (3) and that in @, out of eqn. (4). As a result, most reported
correlations have involved three or fewer terms.

Properties Correlated. At the time of the present writing, there are published, in the
press, or in preparation, three series of papers involving correlations by eqn. (3) and (4):

(a) The Solvatochromic Comparison Method (SCM), Parts 1-9; (b) Linear Solvation
Energy Relationships (LSER), Parts 1-32; and (c) Solubility Properties in Polymers and
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Biological Media (SPPBM), Parts 1—6. Representative among the properties we have
correlated are the following, which are given together with the usual measures of statistical
goodness of fit. The sample from among the many properties reported (vide infra) is
intended to illustrate the scope and diversity of the correlations.

(a) Molar solubilities in water, S, and the very nearly equivalent quantity, Sg/Kgy, of 93
liquid aliphatic non-HBD and weak HBD solutes,® where S, is the molar concentration in
the saturated vapor at 25 °C (S;=Pyn/24.5), and K, is the gas/water partition coefficient of
the solute at 25 °C, eqn. (5).

10g Sy =10g (Sg/K ) =0.55—3.36V,/100+0.467%,+5.236, )
n=93, r=0.9944, sd=0.144

(b) Molar solubilities in blood, Sy, of 23 non-HBD aliphatic and aromatic ‘solutes," where
Sp is determined from S,/Kp, the experimental property measured being K, the gas/blood
partition coefficient. The correlation is given by eqn. (6).

10g Sy =log (S/Kg)=0.81-2.617,/100—0.137*,+3.18, (6)
n=25, r=0.978, sd=0.16

We have suggested that equations of similar form for solubilities in lipid and tissue
homogenates can serve toward improved predictions and understanding of blood/lipid,
blood/tissue, tissue/lipid, and tissue/tissue distributions of pharmacologically and toxicologi-
cally active solid and liquid solutes and, indeed, potentially total equilibrium distributions
throughout the body.’

(c) Free Energies of transfer between solvents of tetramethylammonium chloride
dissociated ions, AG;°. Unlike the previous examples, the correlation is given in terms of
solvent properties, eqn (7).°

AGY (from methanol)=36.31+0.0682(8y?),—45.37*,~24.1a, kcal/mol ™
n=18, r=0.996, sd=0.6 kcal/mol

(d) UVlvisible spectra of 3,5-dinitroaniline.'! Solvent effects on vy, are given by eqn.

(8).

Via=27.57T—1.357n*,~2.815B, (x 10° crn™?) @®)
n=32, r=0.996, sd=0.10x10° cm™

(e) tert-Butyl chloride solvolysis/heterolysis rates in 23 non-HBD and HBD solvents are
well correlated by eqn. (9). The statistically significant term in (84?) is a consequence of the
fact that there are negative volumes of activation ranging from —2 to —40 cc/mol for this
reaction, depending on the solvent.

log k(Bu'Cl)=—15.25+0.0039(5); +6.037*,+4.23,+1.015; )
n=23, r=0.9952, sd=0.36.

We will report the details of these interesting new findings in a soon to be forthcoming
paper.
Acta Chem. Scand. B 39 (1985) No. 8



Kamlet and Taft

620

(1o ‘@ “,u sau0joy [Apjeumb [£ing-7 pue |£joo1d-7 [Ainq-7 Jo wsuswolne], 06 6L—8L
(1)g ‘v ‘. saAeALISp duouinberyjue swos jo swu/AN 68 LL—SL
1) "M O “ID=W ‘'saldp (urunp)(*OD)W SWos Jo SIA/A 88 yL=TL
(g ‘o ‘x SOUIURAD0ISW-[AIA)S SUWIOS JO/A () L8 1L—-0L
(Dg @ ‘. (SW/AN) 1FOIAIPY Jo wnioods SANEALISp YuNO 8 09
(1)d 10939 [Agiow duorputuayd Jo SIA/A() ‘duoipauepul-¢*[-[Audyd-z Jo wsuswoIne], 8 65—8S
(1) IowAjod sjozeqies[Auia-N Jo A11O1ORIOIPUAS €8 LS
(Do ‘@ ‘. [edtpex 9313 [Aryyouszuaqourure-d Jo Sa/A[) ‘[edIpel 391 [Apukdolsoe-p-lAyiow-1 Jo USH 8 95—6¢
(7)8yd ¢ x JUSAJOS SUSN[O} UL JUOYNS B Jo sisAjournweAing-# jo sis[eie) 18 ¥S
(1d xo[dwos (QD)my(uuroydrodjiusydenal) jo uonoear sponospe ul iy 08 €S
(1o ‘2 sax9[dwod (II[)WNIpOyI [EIPIYeII0 JO SUONORAI uonmIsqns NIydos[onu UdAdS JO Sajey 6L 75—9%
(Do THY)-2 ul 9pixo-N-auIpuid UM S[OYOI[E JO S)URISUOD UOHRBIDOSSY 8L St
(D joypydeu-p-{oze(jAusydonmuip-yz]-1 jo yd uo spopo juaalos £/ b
(Do ‘¢ ‘x $oAp uLrewnos ¢ jo endads 2ousdsaron) pue uondiosqe SiA/AN 9L €v—8¢
(Do “ outpuAd jo symys YN Ng;  SL LE
(1) "SOANBALIOP QUSZU2qOZE (] JO eNoads J[qQISIAAN YL 9¢—LT
(1)g ‘» ‘3)f sourpuAdoldesrow pue AxoIpAY SWOS JO WSLISWOINE], €L 97—SC
(T)o “ anjq jouoyd jo wnipads JQISIAN 7L T
(Do ‘2 JOIAUSZUSQ YIIM SUII[NS[ASO}-N-[Auaydip

-S°S pue ‘-jAuoyd-g-[Ayiow-g ‘-[AQ1owIp-g‘s Jo sojel uondesy L €212
(o ‘2 apuoqjdusyders} wniuosiejAuayden)s) Jo SJUSA[OS U3IMIDQ JOJSURT) JO SATIGUD 991,] 0L 0z
(Do [IDCH?DIN-w)X (13 d)1d]-s1 Jo sajer uonezuswos] 69 61

(o ‘. IpIWEZUSQIASWIP-N‘N JO UOGIED [AUOQIED 3U) JO SIYS YN Jg; 89 81
(1) "SOAJEALISP SUSZUSQOZROUNIRAIAI-p O] JO BXoadS JIQISIAAN L9 L1-01

(1d ‘v ‘ 2 suor _€] pue _t1g JO SjuBISUOD UOT)RULIO] 99 9‘G

(Do ‘x s[IIIozZUAq Jo sPIYs YN Ng;  S9 ¥

(g uonnos sueidsy ur seseq VEH Yim saxoidwod Honeig pue

HIS&1q Jo sapowr Suryojans JYJ JO sonIsuajul pajeidajug 9 €-C

(1)g ‘v ‘.x SAnRALIp dprweuo[nsausfeyydeu-{-(oururelAyjowip)-¢ jo eioads 20ussaION] €9 I
s1oyourered (7) pareairod sangadory  ‘Joy "ON

anjos 1o () JU2A[0S

‘sioyine Iay3o Aq s19jowered SMWOIYO0IRA[OS A} M paje[arIod santadold [eorwayoooIsAyq ¢ Jqur

Acta Chem. Scand. B 39 (1985) No. 8



621

Linear Solvation Energy Relationships

(o 2

(1o ‘2
(g ‘v ‘2
(g o ‘.z

suipuid Yy spuopyd jAuoynsouseyiydeu-] Jo uonoeay

sojeOIyjUR-G pue ‘-7 ‘-1 [Ayjour Jo exjoads sousosaronyy
surydsoydiAuoydy yym spuofyd [Azuaq jo uonoeoy

IDHO=%D PUe ‘HIDDFIDD ‘HOD ‘HOLYD JO syys YN g PUe D
Ia)em JLISWOUOW UM saxa[dwiod papuoq uafoIpAY JO SIUBISUOD UOIBWIO]
AUIZUAQOZROUTWEAYISIP-H-AXOY)3Ul-,{ PUB -OXIU-,{ JO WISLIQWIOSI-SUDL-SID
. uotue Axo[Anpue-Qg1
-JAozuaq-¢ pue -oueko-g Jo BI0ads O1H0I309[2 2y} Ul spueq S[dBNN
saAneALIop auipuAd Yam saxodwos ¢ Jo sPIys anjg

SOAIJBALISP QUI[IUB[AY[BIp 9WOS JO IOIABYAQ

uoneandesap [edsiydojoyd pue enoads sousssaronpy pue uondiosqy
surjozeipexo-‘¢* [-[Auaydin jo

pieIk wnuenb aousssaronyy pue winnoads gusdsaronyy pue uondiosqy
[(Adq-%ol-,%)*(0D)OI] Jo wnxdads 2[qisia/AN

JjeuRIOYMO [AING-02s AQ 9)BIIOBOIONYD [AING JO UOHEONLIAISISUBI],
soxo[durod surure (J])WNUaYInI 391y} Jo e13dads SqIsIA/AN)

JUOZO 3IM JUIIAd/OUBIYIUE JO UONOBIY

QUAIA}S JO UOTRZLISWIP 2ABEPIXQ

auotpauepul-¢‘[-jAuayd-g jo Aiqnjog

SOIN[OS SNOSUBJ[OSIUI ()] JO uonnjos jo saideyuyg
(IDeqod(suruIIp[ex0qIedIpUIPUAd-9 Z-y ‘N )SIq JO UONOBAI XOPIY
sauidezeip-z‘1-1A1e 921y} jo exnoads uorssnus pue uondiosqy

SI0JEJIpUI SNOSUE[[OSTW JO endods aousdsaionyy pue uondiosqe Sy
soaneAlap auaiejdoyooLo-(jAusydounue

-[Ayyounp-d)-p-jA1e-1 Jo eipdads 2duddsaIonyy pue uondiosqe SuIN
SUSZUSQOZROIU- ,~H-(OUNWE[AYISIP)-{ JO SIA/A[] PUE UOIRZLIOWIOSI SUD.J—S10
SOAIJBALISP SUIPLIOBOUTUIE [EUONIPPE § JO e1jdads SIA/AN)

sangojowoy 3[0zepuaqery} Inoj jo enodads 20u2dsaION|]

141
(91!
(41!
111
011
601

801
LOT

901

So1
01
€01
01
101
00T
66

86

96
S6

¥6
€6
76
16

651
8ST—961
SS1
PS1-8v1
Ll
4% 4

Yi-0vl
6¢1

8—0¢1

6C1-LT1
!
Y4}
(45 %4
[44!
jrqs
ozl
611
811
L11-T11
T11-%01

£€01—-56
¥6—¢€6
6—58
¥8—08

Acta Chem. Scand. B 39 (1985) No. 8



622 Kamlet and Taft

(f) N NMR shifts of 1-methylsilatrane.' Solvent effects are well correlated by eqn. (10).
The correlation equation differs slightly from that reported earlier because of minor changes
in the solvatochromic parameters.

15N NMR 6=0.04+8.0(7*,—0.208)+2.98, ppm (10)
n=16, r=0.9906, sd=0.42 ppm.

(g) Adsorption coefficients on Pittsburgh CAL activated carbon, a= liCm 6X/C, where X is

the amount adsorbed on carbon (mg/g) and C is the equilibrium concentration of the solute
in aqueous solution; a represents the infinite dilution partition coefficient between the
adsorbed and solution phases.!® The correlation is given by eqn. (11).

log @=—1.93+3.06V5/100+0.567*,—3.208, (11)
n=37, r=0.974, sd=0.19

(h) Formation constants of ‘‘hydrogen bonded’’ complexes of 4-bromoaniline with a series
of HBA bases are well correlated in terms of the 7* and B values of the bases,'* eqn. (12).
The solvent is CCl,. The major dependence on 7* is a consequence of the fact that

log K;=1.17+1.237%,+0.728, (12)
n=8, r=0.986, sd=0.06

there are important contributions of dipole/dipole interactions to the formation constants of
these “hydrogen bonded” complexes.

(i) Inhibition of bioluminescence of Photobacterium Phosphorem in response to
toxicants, the basis for the Beckmann “Microtox” test, which is widely used to screen
potential industrial pollutants.'> The property correlated is the 5 minute bacterial ECs, (the
concentration causing 50 % inhibition of bioluminescence), expressed in mol/1, eqn. (13).
Again, as with most of the correlations described here, the standard deviation of the
correlation compares favourably with the precision of the experimental measurements.

log ECsp=7.27—4.27V3/100—2.107*,+5.54B,~1.62(0tm)> (13)
n=36, r=0.990, sd=0.25.

(k) HPLC capacity factors, k', on an octadecylsilane column, with a mobile phase
comprising 55/45-methanol/aqueous phosphate buffer.!> The correlation is given by eqn.
(14).

log k'=—-0.24+1.52V,/100—0.597*,—1.958, (14)
n=28, r=0.991, sd=0.07

In addition to the above ten rather diverse types of properties of solutes and solvents, we
have assembled in Table 1 a list of the hundreds of additional correlations which we have
published in the SCM, LSER, and SPPBM series of papers mentioned earlier. Table 2
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comprises a list of not yet but (hopefully) soon to be published correlations, and Table 3
gives a cross-section of correlations by eqn. (3) and (4) that have been published by other
workers.

It can seen that the XYZ properties in eqn. (3) and (4) have included: (a) positions and
intensities of maximal absorption in IR, ESR, NMR, and UV/visible absorption and
fluorescence spectra and NMR coupling constants; (b) formation constants and enthalpies of
formation of hydrogen bonded complexes; (c) pK,; (d) solubilities of various type solutes in
chemical solvents and biological tissues and fluids; free energies of solution and of transfer
between solvents; (e) logarithms of reaction rate constants, equilibrium constants, and
fluorescence lifetimes; (f) toxicity and narcosis effects on a variety of aquatic organisms,
bacteria, and funghi; (g) HPLC and GLC capacity factors and retention indexes; (h)
adsorption properties on various type adsorbants; etc.

Indeed, we are hard pressed to find a property which is governed by a solute/solvent
interaction, and which has not been or can not be correlated, rationalized, and predicted
using the present type of methodology if only the solvatochromic parameters are known or
can be estimated, and on this basis we address again the question first posed by Sjostrom and
Wold.

Local empirical rules or fundamental laws of chemistry? In addition to the above
correlations, at least five groups of workers!®?* have related the 7* scale and the §
“correction factor” to more fundamental dipolarity and polarizability properties of the
solutes and solvents, expressed in terms of functions of the refractive index and the dielectric
constant or dipole moment. In addition, we have related the S scale,>* and expect soon to
relate the a scale to pK,, and the £ parameter has been shown to follow the ordering of
relative electronegativities of the hydrogen bond acceptor atoms.’

On the basis of the above, in view of the fact that for non-self-associating compounds the
solvatochromic parameters serve equally well to correlate properties of both solutes and
solvents, and in the light of the number and diversity of the properties correlated by eqn. (3)
and (4), we feel that we can safely address the following reply to the Umeé chemometri-
cians. If our linear solvation energy relationships are “local empirical rules” or “locally valid
linearizations”, then the term “local” must encompass the very large neighborhood that
includes a major proportion of the properties in chemistry and biology that depend on
solute/solvent interactions.

Indeed, it is not unfair to challenge Sjostrom and Wold to support their assessment of
linear free and linear solvation energy relationships (which we consider as facile as it is
unwarranted) by citing 'some types of physicochemical properties or reactivity parameters
that are outside of this neighborhood.* If the LSERs and LFERs are, indeed, no more than
“empirical models of similarity”, then the chemometricians would perform a very real
service to the physical organic chemists by informing them of what criteria would need to be
met by our equations to escape this pejorative assessment. Is semiempirical or (dare we say
it) fundamental beyond our grasp? The ball, now, chemometricians, is in your court. We
encourage the group at Umed and other chemometricians to join with us in a spirited
dialogue on this subject. A controversy that generates sufficient heat can sometimes also
shed some light. (We are grateful that the referees and editor have allowed the preceding

* Understanding, of course, that the solvatochromic equations are not intended to be used mindlessly,
but rather that one should take into account such additional effects as may be operative for the specific
XYZ studied, such as solvent viscosity in fluorescence relaxation processes, as demonstrated by
Kupfer and Abraham.?
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paragraph to pass unscathed. There was great pleasure in writing it.)

Is the goal improved predictions or improved understandings? We wish also to take issue
with Sjostrom and Wold’s statement that their interpretation is “‘scientifically preferable
since it results in better predictions of new experimental facts”. If the chemometricians
believe that improved predictions are the main purpose of LFERs and LSER:s, they fail to
understand either the purpose or the main utility of such correlations, which are in improved
understandings of the underlying phenomenology. If one compares their contributions to
better understandings, the substituent parameters in LFERs and the solvatochromic
parameters in LSERs convey far more information that Sjéstrom and Wold’s first, second,
third, fourth, and n principal components. Thus, s7* stands for solvent polarity, mV for
molar volume, a for hydrogen bond acidity, § for hydrogen bond basicity; by way of contrast
6,, 6, 65, and 6, bring no physical property to mind.

Thus, also, from eqn. (5) we learn that the major factors influencing solubilities of
organic nonelectrolytes in water are the opposing endoergic influence of solute molar
volume and the exoergic influence of solute HBA basicity, with solute dipolarity/
polarizability playing only a secondary exoergic role. Given a solute whose solvatochromic
parameters are not known, e.g., diethylpropionamide, we can estimate from a general
knowledge of chemistry and from related compounds that ¥7100=1.394, 7*=0.80, =0.78;
hence, log S,,=0.37. Thi$ amounts to AG,=—0.5 Kcal/mol, which can be broken down into a
cavity term of +6.4 kcal/mol, a hydrogen bonding term of —5.6 kcal/mol, a dipolarity term
of —0.5 kcal/mol, and an intercept of —0.75 kcal/mol.* It is not immediately evident to us
how one might arrive at so straightforward and understandable a prediction using Sjstrém
and Wold’s principal components.

As another example, in comparing solubilities in water and blood, we conclude that,
since the nonaqueous components of blood have lower Hildebrand solubility parameters
than water, the dependence on V/100 is smaller in eqn. (6) than in eqn. (5). Since a of water
is greater than a of the nonaqueous components of blood, the dependence on f is smaller in
eqn. (6) than in eqn. (5). Thus, we relate coefficients of solvatochromic parameters of the
solutes to the complementary solvatochromic parameters of the solvents. This hardly seems
possible with 6;, &, etc.

A further example which has very recently come to our attention does not even involve
the condensed phase, but rather extends the term local to include ion-molecule reactions in
the gas phase. Sunner and Kebarle % have reported free energies and enthalpies for the gas
phase equilibria; K*+L2K™*(L). We have found that for the aliphatic ligands, Me,SO,
DMA, DMF, Me,CO, MeCN, Et,0, MesN, n-PrNH, and H,0,** their data are well
correlated by eqn. (15) and (16). These equations tell us that charge/

AG=(4.5£1.2)+(12.6£1.2)n*+(10.7£2.0) S kcal/mol (15)
n=9, r=0.983, sd=1.1 kcal/mol

AH=(9.0£1.5)+(13.4+1.5)7* +(14.9%2.4) 8 Kcal/mol (16)
n=9, r=0.981, sd=1.3 kcal/mol

* We shall show in a future paper that, in a more detailed analysis, one must take into account a term
which involves the process of separating the single solute molecule from the bulk liquid solute. This
term is partially included in the intercept, and partially in the cavity and dipolarity dependences.

b (,')\romatics are excluded to exclude variable polarizability effects. We use a “monomer” n* value of
.45 for water.
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dipole interactions contribute as much to the formation free energies and enthalpies as do
the Lewis acid/base interactions which involve the sharing by potassium ion of the ligand
lone electron pair.

Hundreds of such examples abound among the correlations assembled in Tables 1-3.
These were published, not because they led to improved predictability, but because they led
to improved understanding. Further, these examples go against the core of the Wold-
Sjostrom reasoning, which is that they are “locally valid linearizations of complicated
relationships”. Rather than being complicated, they show by way of contrast that, if multiple
effects are correctly unravelled, the more we learn about solute/solvent interactions, the
simpler to understand become the relationships. Simple additivity of free energy of
enthalpy-dependent terms seems usually to explain interactions in a highly satisfactory
manner.

In conclusion, we wish to point out that the information in Tables 1-3 can serve some
further purposes beyond that of supporting our rebuttal of Sjostrom and Wold. First, to
workers newly involved with LSER’s, they can serve as convenient guides to a data base
which can be used for both example and comparison. (How, for example do the
dependences on solvent 7* and a values compare for nucleophilic substitution reactions of
charged and uncharged nucleophiles?). Second, to the toxicology-pharmacology community
they demonstrate that there is nothing particularly different or unusual about interactions of
chemical solutes with biological solvents. The same solute parameters that govern solubility
in water also govern solubility in blood. The same parameters that correlate UV/visible, IR,
NMR, and ESR spectra can also determine the minimum toxic dose for Madison 517 fungus
(Table 1, No. 375) or LC50 for the fathead minnow (Table 1, No. 374). HPLC and GLC
retention indexes can probably be used to estimate parameters that determine effectiveness
of candidate pharmaceuticals. Finally, they show that, when all solute/solvent interactions
are properly accounted for, the entire data base, involving thousands of measurements, fits
into a comprehensive, mutually supporting framework of properties and interactions which,
taken together, describe and define the field of linear solvation energy relationships.
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