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ABSTRACT: Solvent effects on the wavenumber of the maximum of the longest wavelength electronic absorption
band of alltrans f-carotene were determined in 34 solvents. Together with results from previous studies, a data set
for 51 solvents, mostly non-hydrogen bond donors, was constructed. This information was analyzed in terms of
reaction field models and also showed its value for correlation purposes when used either alone or in combination with
standard empirical solvent polarity—polarizability scalés1998 John Wiley & Sons, Ltd.
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INTRODUCTION solvents® It therefore rationalizes the link between
these seemingly unrelated phenomena. This model also
Empirical solvent scalés are intended to provide predicts a correlation between medium effects and the
quantitative measures of solvent-solute van der Waalspermittivity function¢(e,), defined by the equation
interactions. In the absence of specific effects such as
hydrogen bonding (HB) and/or charge transfer, the oler) = (er = 1)/ (2 +1) (2
fundamental contributions to these interactions have If the solute polarizability is taken into account, the
electrostatic and dispersive origins. A number of functional dependence betweEp andp becomes more
theoretical treatmentshave been developed that quanti- complex. It is worth mentioning that, in the case where
tatively link these effects to properties of the bulk the refractive index of the solvent, equals 22 (a
solvents, notably the refractive index and relative reasonable average value for many solutes), the appro-
permittivity of the bulk solventg, (formerly known as  priate permittivity function takes the form
dielectric constant). Possibly the simplest among these
models is that by Onsageand Kirkwood? There, the 9(er) = (&r = /(e + 1) (3)
solute molecule is assumed to be a sphere of radivith These electrostatic interactions are usually only a small
a point dipolep located at the center. The solute dipole fraction of the total solvent-solute van der Waals
interacts with the molecules of the solvent, which in turn interactions, the leading term more frequently being
create an electric field, the reaction fi&ld. Inthe case of  London’s dispersion forceSExtension of reaction field
a non-polarizable solute embedded in an isotropic theory to these interactions predittsan approximate

solvent, this theory leads to the equation relationship between dispersion-originated solvent ef-
3 fects and the function of the refractive index of the
Er = 2(er — 1)/(2er + 1) (m/a) (1) solvent¢(n?):
The concept of reaction field is extremely valuable, as p(n?) = (N —1)/(2n* + 1) (4)

Er can be related to a number of solvent effects,
including UV-Visible? fluorescencé®® IR® and NMR’
frequency shifts, and free energies of transfer between

These magnitudes can be used for the study$f, the
frequency of the solvatochromic band of an indicator in
solvent S. For example, the widely used Ooshika—

Bayliss—-McRae formalisfileads to
*Correspondence totnstituto de Qimica Fsica ‘Rocasolano,’ CSIC

c/Serrano 119, E-28006 Madrid, Spain. o(S) = 0(9) + Aog + Ading + Aocel (5)
Contract/grant sponsorDGICYT; contract grant numbersPB93- . . .
0142-C03-01, PB93-0289-C02-02. where Aoy, Aoing and Ao represent dispersion, induc-
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194 T. ABE ETAL.

Table 1. Wavenumber of the longest wavelength absorption maximum in the UV-visible spectrum of -carotene (gmax, in cm™"),
wavenumber of the C=0 stretching vibration of butanone (vc—o, incm™ "), wavenumber of the 0-0 band for the longest
wavelength absorption in the UV-visible spectrum of all-trans-1,3,5,7-octatetraene (og_o, in cm —1), refractive index (n), relative
permittivity (¢;) and solvatochromic parameters £, 7* e and 'SP for the gas phase and 51 solvents

No. Solvent O'maxa n° Srf ETN g TE*OMe h SF’F;\l ! I/C:C)] O'O_ok
— Gasphase 1.000 1.000 -0.1112 -1.23 0 1742.0 35523
Perfluorinated hydrocarbons
1 Hexafluorobenzene 22165 1.377 2.05 0.108 0.27 0.629
Cyclic and acyclic non-aromatic hydrocarbons
2 Cyclohexane 22008 1.426 2.024 0.006 000 0.557 1726.1
3 Methylcyclohexane 2203¢ 1.423  2.02¢' 0.563
4 t,t,c-1,5,9-Cyclododecatriene 21603 1.507 2.41 0.30
5 Perhydrofluorene 21628 1.502 231 0.15
6 n-Pentane 2233P 1358 1.84f 0009 -0.15 0.507 33180
7 Isopentane 22364 1.354 1.82¢8 0006 —0.15 0.479
8 3-Methylpentane 22251 1.37F7 1.89%
9 n-Hexane 22232 1.37% 1.886' 0.009 -0.11 0.519 1727.0 33110
10 n-Nonane 2207¢ 1.408 1.970"  0.009 0.552
11 n-Dodecane 21988 1.422' 2,002 0012 -0.01 0571
(30°C)
12 n-Hexadecane 21908 1.43% 2.05 0.578 32808
Aromatic hydrocarbons
13 Benzene 2157% 1.50F 2274  0.111 0.55 0.667 1719.0 32435
(25°C)
14 Toluene 21598 1.497 2.43 0.099 0.49 0.655 1717.7
15 1,4-Dimethylbenzenép-xylene) 21673 1.496'  2.27¢' 0.074 0.45 0.617
16 1-Methylnaphthalene 21160 1.618 29158 0142  0.78
17 1,2,3,4-Tetrahydronaphthale(tetralin) 21434 1.54F 2773  0.086 0.668
Halogenatedcompounds
Non-aromatic
18 Dichloromethane 21650 1.424 9.02 0.309 0.73 0.876 1712.7 32385
19 Chloroform 215768 1.446 4.89 0.259 0.69 0.786 1710.3 32550
20 Tetrachloromethane 2163¢ 1.460 2.30 0.052 0.21 0.632 1721.0
21 1,1-Dichloroethane 21930 1.416 10.¢° 0.269
(18°C)
22 1,2-Dichloroethane 21580 1.445 10.74 0.327 0.73 0.890
23 1,1,1-Trichloroethane 21744 1.438 7.33 0.170 0.44
24 lodoethane 21413 1.513 7.77 0.65
25 Diiodomethane 20475 1.74F 5316  0.179 1.00
(25°C)
Aromatic
26 Fluorobenzene 21697 1.465 5.55 0.194 0.59 0.769
27 Chlorobenzene 21409 1.524 5.74 0.188 0.68 0.824
28 lodobenzene 20999 1.620 4.75 0.170 0.84
Nitriles
29 Acetonitrile 22070 1.344 35.94 0.460 0.66 0.895 1714.1
(25°C)
Ethers
30 Diethyl ether 22207 1.352 4.42 0.117 0.24 0.694 1721.2
31 1,4-Dioxane 21725 1.422 2.27 0.164 0.49 0.701
32 Tetrahydrofurar(THF) 21844 1.406 7.47 0.207 0.55 0.838 1716.2
33 Diisopropyl ether 22183 1.367 4.04 0.105 0.19
Acyl compounds
Ketones
34 Acetone 22046 1.359 21.36 0.355 0.62 0.881
35 Butan-2-one 21983 1.379 18.85 0.327 0.60 0.881 1717.1
Esters,lactones
36 Propylenecarbonate 21734 1421 62.93 0.472 0.83 0.930
37 Ethyl acetate 22046 1.372 6.03 0.228 0.45 0.795 1717.0
Disubstituted amides
38 N,N-Dimethylformamide(DMF) 21622 1.430 37.06 0.386 0.88 0954 1712.1
39 N,N-Dimethylacetamid¢DMA) 21642 1.438 38.30 0.377 0.85 0.970 17115
Sulfoxides
40 Dimethyl sulfoxide (DMSO) 21372 1479 46.71 0.444 1.00 1.000 1710.6
Pyridines
41 Pyridine 21346 1.509 13.22 0.302 0.87 0.922 1714.0
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Table 1. Continued.

No. Solvent O'maxa Srf ETN 9 TC*OMe h SPFN ! VC=O] Jo_ok
Tertiary amines

42 Triethylamine 22041 1.401 2.45 0.043 0.09 0.617

43 N,N-Dimethylaniline 21263 1.55¢' 491  0.179 0.76

Nitro compounds

44 Nitromethane 21844 1.381 36.16 0.481 0.75 0.907 1711.0
Miscellaneous

45 Hexamethylphosphoramid@MPA) 21592 1.458  29.00 0.315  0.87 0.932

46 Carbondisulfide 2073¢ 1.627F 2.643  0.065 0.51 1719.8
Hydrogen bond donors

Primary and secondaryamines

47 Diethylamine 22168 1.386 3.92 0.145 0.35

48 Aniline 21039 1.585 7.16 0.420 1.08

49 N-Methylaniline 21155 1.57%F 59 0.364

Alcohols

50 Methanol 22247 1.328 32.66' 0.762 0.56 0.857 33190
51 Ethanol 22134 1.36F 2455 0.654 0.50 0.853

@ This work unlessstatedotherwise.
® From Ref. 27a.

¢ Refractiveindex of the medium,measuredat 20.0°C, unlessstatedotherwise valuestakenfrom Ref. 13, unlessstatedotherwise.

Valuestakenfrom Ref. 25.
¢ Valuestakenfrom Ref. 26 andthe original reference<ited therein.

Relativepermittivity of the medium,measuredt 20.0°C, unlessstatedotherwise;valuestakenfrom Ref. 13, unlessstatedotherwise.

9 FromRef. 1b.
" From Ref. 13.
" FromRef. 18.
} FromRef. 27b.
K From Ref. 33.

tion and dipole—dipole componentsof van der Waals
interactionsandare given by

Aoy = A'(n? —1)/(2n* 4 1) (6)
Acing = B'(? — 1)/(n? + 1) (7)

Aoe = Cl(er —1)/(er + 1) = ("* = 1)/(n* + 1)] (8)

Thefunctions(n® — 1)/(n” + 1) and(n® — 1)/(2n* 4 1)
[and also the classical Clausius—Mossottifunction
(n® — 1)/(n®>+ 2)] are very strongly correlated® over
therangel < n < 2. Thisis why we shall useequations
(9) and(10) for the analysisof experimentalata,given
the impossibility of achievinga properseparatiorof A”
andB’ by correlationanalysismethods:

o(S) = (N +B)(n* = 1)/(° + 1) + C[(e — 1)/
(er+1)— (PP —1)/(n?+1)]+D (9)
o(S) = A(n® — 1)/(n* + 1) + C[(e; — 1)/

(er+1)— (PP —1)/("+1)]+D (10)

The spirit of someof the criteria setforth by Koppel
andPalnt* andPalmandPalm‘?is usefulatthis point: on
the basisof the theoreticalmethodsindicatedabove,we
consider, as done previously’® that the non-specific
contributionto mediumeffectson o(S) canbe expressed

0 1998JohnWiley & Sons,Ltd.

asalinearcombinationof thefunctions[g(e,) — f(n)] and

f(n):

(9ler) — £ ()] = (5 — /(e + 1) — (P — 1)/ (2 + 1)
(12)

f(n) = (n*-1)/(n*+1) (12

Thus, from the standpointof correlationanalysisand
as a first approximation, solvatochromic scales can
generally be analyzed (in the absenceof specific
interactions) as linear combinations of f(n) and
[g(e) — f(n)]. Let SC be any such scale. Then, the
equation

SC=SG +ag(er) — f ()] +bf(n) (13

holds,whereSG is thevalueof SCfor the gasphaseand
a and b are constants Slightly different forms of this
equationapplywhenevethereferencenediumis notthe
gasphase.

Analysesof this kind havebeencarriedou onthe
n* scale of dipolarity—polariability’®, and also on
E{N1P16 7 o1 SPPY 18 and S.221° They show®4
thattheratio a/b is a characteristipropertyof eachscale
and varies betweenvery wide limits. In this respect
Laurenceet al.° haveshownthat, in the absencef HB
interactionsthe main differencebetweent* and E+(30)
lies in their widely different responsesto solvent

t13,14
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polarizability effects[as measuredoy f(n) and cognate
functions].

Someyearsago,Abe*'?drewattentionto the fact that
most solventpolarity scalesavailableat that time were
basedon solvatochromicshifts undergonedy electronic
transitionsof solutesendowedvith largedipole moments
in eitheror both the groundandthe excitedstates.This
promptedhim to investigatethe possibility of building a
scalebasedon electronictransitionsof solutescharacter-
ized by smallor zerodipole momentsn boththe ground
andthe excitedstates.This wasa meansof quantifying
effectsessentiallydeterminedy dispersiventeractions’
As a ‘molecular probe,’ naphthalenavas selected.The
electronic transition was the L, band, locatedin the
near-UV region and known to be solvent sensitive??
Solvent-inducedrequencyshifts of this bandwerefound
to correlateto a very high degreeof precision with
mediumeffectson the 'L, bandof anthracenendwith
the maximumof thelongestwavelengthabsorptiorband
of p-caroteneThenewscale * ,, wasthereforebasedn
theshiftsof the 'L, bandof naphthalenéthe origin being
takenas n*, = 1.00 for cyclohexaneand extendedto a
substantial number of solvents through the above-
mentionedcorrelationsThis scalewasshownto be most
appropriateor the treatmenif solvent-inducedhifts of
a variety of conjugatedhydrocarbonsLinear combina-
tionsof *, with 7* provedvery satisfactoryatanalyzing
other spectroscopi@nd reactivity datainvolving polar
species.

At this point it seemsthat the usefulnessof the 7*,
scalehasbeendemonstratedbut thereis still room for
newdevelopmentsThus,asin thecaseof thez* scale |t
is possible to investigate the behavior of a single
‘molecularprobe,’in orderto havea well definedsingle
reference,even at the cost of magnifying any effects
originating, for example,in the size and shapeof the
indicator®22 The longestwavelengthabsorptionin the
UV-visible spectrumof S-caroteneseemsaninteresting
possibility,asit is locatedin a spectrakegionthatis well
removedfrom the cut-off of many commonsolvents.
Furthermore,the sensitivity of this band to medium
effects is very substantial. a consequenceof the
polarizability of the -carotenemoleculein the excited
statebeingmuchlargerthanin the groundstate(ashas
beenfound to be the casefor lycopeneand all-trans
retinaP'?). Here, we reportthe resultsof a study of the
influence of 52 solvents on the frequenciesof this
absorptiorband.Of these 34 valuesweredeterminedor
the first time. Solventswere chosenin orderto spana
wide rangeof n ande, values.Also, we tried to includea
wide variety of functionalitiesandof molecularsizesand
shapes.

EXPERIMENTAL

All-trans f-carotenewas a Merck ‘for biochemistry’

0 1998JohnWiley & Sons,Ltd.

product, crystallized from benzene and methanol.
Solventswere of spectroscopigradeor of the highest
commercial purity available. They were dried over
molecularsievesandcarefully distilled prior to use.

Thesolutionsof f-carotenevere6 x 10~®m. Matched
1 cm silica windowscells were usedthroughout.

A Perkin-ElmerLambdal9 UV-visible spectrophot-
ometerwasusedto obtainthespectraThetemperaturef
thecellswaskeptconstanat25.0+ 0.1°C by meanof a
Perkin-ElmerC570-070Peltier digital controller. Sepa-
ratechecksof the resultswerecarriedout by meansof a
BeckmanDU-7 spectrophotometeandan externalbath.
In both cases,the instrumentswere calibrated with
holmium glassfilters. In the caseof the first spectro-
photometerdataacquisitionandtreatmenandthesearch
of the absorptiormaximawere carriedout with boththe
standardsoftware and with software developedin our
laboratoriesIn the caseof the BeckmanDU-7 spectro-
photometer,data acquisition was carried out with the
program DUMOD.?* Smoothing of the spectra and
determinatiorof the absorptiormaximawereperformed
usingour software.lt wasestablishedhatthe absorption
maximaobtainedwith two different solutions,prepared
on different dates and examined with both spectro-
photometerswere coincidentto within 0.1 nm.

RESULTS AND DISCUSSION

The experimentalresultsare presentedn Table 1. The
freque?ciesof the absorptionmaximum,omax are given
incm .

Becauseof their usefulnessfor the discussion,the
correspondingefractiveindices(n), andrelative permit-
tivities (e,) at 25°C of the varioussolventstogetherwith
thevaluesof Et™, 7* ome andSPP arealsogiven.E" is
the ‘normalized’ value of the E(30) parameter,as
defined by Reichard'®1®1® 7* ... is the value of
Kamlet—Abboud—Taft 7*'° asdeterminedon the basis
of solvatochromiceffects on the longest wavelength
absorptiormaximumof 4-nitroanisolé® andSPP' is the
‘normalized’ value of the SPP parameter,recently
defined by Catala et al.*® as the difference in the
solvatochromicshifts undergoneby the longestwave-
length absorptionbandsof 2-(dimethylamino)7-nitro-
fluoreneand 2-fluoro-7-nitrofluorene.

Non-dipolar solvents

p-Carotends anall-transpolyene.ln agreementvith the
theoreticaltreatmentsof Liptay*® and with the experi-
mental results of Feichtmayret al.?® as discussedby
Abe ?*2the frequencyof the absorptiormaximumof the
longestwavelengthtransition is primarily affected by
dispersive interactions, which induce bathochromic
shifts. Thus, as indicatedin the Introduction, a linear
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Figure 1. o.ax vs fn). Open circles, aliphatic and alicyclic
hydrocarbons; closed circles, 4 and aromatic hydrocarbons

relationshipis predictedbetweeno,x andf(n), at least
for solventsdevoid of permanentdipole moments(for
thesematerials ¢ &~ n?). Indeed,usingthe datain Table
1, the following excellentlinear relationshipis obtained
for the hydrocarborsolvents1l-17:

omax(cm™ 1) = 2467863) — 7.94(0.18) x 10°f (n)
(14)

(n=17,r=0.996,SD=31 cm~ 1 standarddeviationsin
parentheses)

The interceptof equation(14), 24678cm™ -, can be
takenasareasonablestimateof thevalueof oyaxin the
gasphasesincethelow volatility of f-carotenedoesnot
allow the experimentabeterminatiorof this value.

Equation(14) supportghetheoreticalpredictions,and
alsoAbe’sresults.It is worth notingthatthe frequencies
determinedin aromatic solvents (including the very
feebly polar tolueneand 1-methylnaphthalenegomply

1

0.8
0.6—-
0.4
o 02-

*
B 0.0

-0.2 4

-0.4

f(n)

— T T T T T T
025 030 0.35 040 0.45 0.50

-0.6

Figure 2. n*o\e Vs fn). Open circles, aliphatic and alicyclic
hydrocarbons; closed circles, 4 and aromatic solvents
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Figure 3. SPPY vs fln). Open circles, aliphatic and alicyclic
hydrocarbons; closed circles, aromatic solvents

well with this equation.On the other hand, the oyax
valuesfor CCl, andCS; are off the line definedby this
equation.Thispointwill beexaminedater. Theseresults
aredisplayedin Fig. 1.

For the purposeof comparisonthe following results
were obtainedwith the available data for the various
scalesselected.

(@) Ef". The values for aliphatic and alicyclic
hydrocarbonsare essentially independentof f(n), in
agreementvith Laurenceetal.?® As theypointedout, this
probablyoriginatesin the compensatiomf the opposing
effectsof dispersion(a systematichathochromicshift°
andpolarity (hypsochromigffect). Non-polaror weakly
polar aromatic hydrocarbonsand also CCl,;, and CS,,
have modestbut significanteffectson E1. This might
reflectthe influenceof multipolarinteractions.

(b) n*ome (Fig. 2). An excellentlinear relationship
betweenn* opme and f(n) existsthat appliesto aliphatic
and acyclic hydrocarbons,in addition to the gas

0.50
1=z [ ]
0454 T )
0.40 -
i
0.35 - S
0.30 o
0.25 -
4 ° ®
20
0.20 1 o e ® ..
0.15 .
0.10 - ) 4
- . .
0.05 - ) °
0.00-] o som! T
-0.05 T e
20500 21000 21500 22000 22500

Figure 4. £N vs 0. The plot does not include the data
points for 50 and 51
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phase->! This plot alsoshowsthat CCl,, andCS, and
weakly, dipolar or apolar aromaticshave substantially
enhanced* o\e Values . Thisbehavioiis similar to thatof
omax and reflectsthe importanceof multipolar interac-
tions andalso (perhaps)more specificinteractions(such
asdonor—acceptoeffects)’® In the particularcaseof the
n* scale, this effect is correctedby meansof the dé
formalism®?3

(c) SPP (Fig. 3). As shownin this plot, thereis a fair
correlation between SPP' and f(n) for aliphatic and
alicyclic hydrocarbons. CCl, and apolar aromatic
solventsdeviatesignificantly. Hexafluorobenzen (1) is
very far from the line, suggesting some specific
interactionswith the probes-®

Dipolar solvents

Fromthedatagivenin Tablel, 46 solventsvereselected
andtheir onax valuestreatedby meansof equation(13).

Only50and51 (stronghydrogerbonddonors)and20,31

and46 were excludedfrom the treatmengfor the latter,
symmetry imposes|[g(s;) — f(n)] =0, while multipolar
interactions can be very important}. The following

equationwasobtained:

omax = —8.07(0.18) x 10°f (n) — 48537)[g(e;) — f (n)]
+2472966) (15)

(n=46r =0.990 SD=58cm?)

Note that the coefficientsof f(n) andthe independent
term in equations(14) and (15) agreewell within the
limits of uncertainty.This showsthe ‘robust’ characteof
the correlationsThis equationcontainsdatafor solvents
18,19, 21, 29, 44, 47, 48 and49. Thesespeciesareweak
hydrogenbond donors.They departfrom the behavior
describedoy equation(15) by amountsrangingbetween
one andtwo standarddeviations.Thesedifferencesare
relatively modest and clearly indicate that hydrogen
bondinginteractionsinvolving -caroteneasa hydrogen
bond acceptorare not very large [if equation(15) is
appliedto omax Valuesin 50 and 51, larger deviations
appear.A broaderstudy of the influence of hydrogen
bondingacidity on the solvatochromisnof f-carotends
in progress]Excludingthesedata,andalsothedatumfor
22 (becausef its well known conformationakharacter-
istics®’, we obtainthe equation

omax = —8.03(0.16) x 10°f (n) — 465(32)[g(er)
—f(n)] 4+ 2471760) (16)

(n=37r=0993SD=49cm?)

Theratio a/b,asdefinedin equation(13),equals.061,
which can be comparedwith the valuesof 0.274 for
™ omer> and0.411for SPP'.1* As indicatedearlier, the

0 1998JohnWiley & Sons,Ltd.

contributionof f(n) to E1" is barelysignificant(r = 0.08
for 189solventd?). Oneis thenled to expecta very poor
correlationbetweeno ,a and E;'. Figure 4 showsthat
this is indeed the case (r =0.26). It therefore seems
possibleto expressscalessuchas n* ome and SPPY in
termsof linear combinationof omay andEr" . Equations
(17) and(18) arethenobtained.

T ome = —384(36) x 10 Copmax
+1.81(0.11)E" + 8.47(0.79) (17)

(n=21r = 0.984 SD = 0.07)

Equation (17) involves all the available data for
aliphatic and alicyclic, non-hydrogenbond donor and
non-polychlorinatedolvents.Thevery weakly acidic 34
and 35 wereincluded.The numberof aromaticsolvents
in the basissetis not sufficientto warranta separate
analysis.

SPP = —95(32) x 10 Coax
+0.958(0.060)E1N + 2.64(0.70) (18)

(n= 25,1 = 0.974,SD = 0.04)

Equation (18) involves all the available data for
aliphatic and aromatic (with the exceptionof 1) non-
hydrogenbond donor solvents.Again, the very weakly
acidic 34 and 35 wereincluded.

The contributionof oax is statistically significantin
both cases. At variance with treatments based on
equation(13), equationssuchas (17) and (18) apply to
molecules devoid of permanentdipole moments but
endowedwith large multipoles. This illustrates one of
the mostappealingfeaturesof empirical solventscales.
Furthermore,the presentresults strongly support pre-
vious contention$'? regardingthe usefulnessof linear
combinationsof 7* and n* (or E") as tools for
correlationsof mediumeffectson reactivity andspectral
data.Basically,the presentesultsconfirmthefact™ that,
asthea/bratioin equation(3) canvary within extremely
wide limits, no single empirical solventscaleis able to
describeall medium effects on reactivity or spectral
propertiesevenin the absenceof specificinteractions
unlessthe ratio a/b takesthe samevaluein the reference
scaleandin the propertyunderscrutiny. Henceat least
two descriptors are generally needed. Therefore, if
empirical scalesare used,a linear combinationof two
suchscalesis required,at leastin principle (in practice,
data sets seldom contain enough appropriatedata to
makethis needapparent).

Recently,mediumeffectson the wavenumbersf the
carbonyl stretchingmode of butanone gc-o havebeen
reported?’ The availabledataarealsogivenin Table1.
They canbe analyzedin termsof omax EN and 7* oy
The following equationsthus obtain for oc-o, and
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include all the solvents,with the exceptionof 18 and
19

oc_o(cm™t) = 17253(0.7) — 151(1.2) (19)
T ome(N = 16,1 = 0.960 SD=1.5cm*)

The gas-phaseatumis notincludedin equation(19)
but the extrapolatedrc-c agreeswith the experimental
valuewithin lessthan2 cm™.

oc—o(cm™) = 3.7(1.1) x 10 30 max
—27.0(2.5)Er™ + 164224) (20)
(n=16r =0.955SD=1.6cm?)
oc—o(cm™) = 2.47(0.92) x 10 30max
—16.5(1.1)7" ome + 178Q120) (21)

(n=16r =0975SD=1.2cm?)

Correlationequationg19) and (20) are of essentially
the samelevel of quality, very slightly lower thanthat of
equation(21).Consideratiomf thesedatais not sufficient
to reachdefinite conclusionsregardingthe existenceof
more ‘specific’ interactionsinvolving aromaticsolvents
and the carbonylgroup. This situationis unfortunately
fairly general as it is extremely difficult to find
experimental databasesallowing detailed studies of
medium effects. The main problem lies in the choice
ratherthan in the numberof solvents.Thus, whenever
allowedby the natureof the soluteandthe propertyunder
scrutiny, it is important to choose solvents allowing
dipolarity and polarizability to vary within the widest
possible limits. Inclusion of the gas-phasedatum is
strongly recommendedvheneverpossible.lt is already
very clear that solvents devoid of permanentdipole
momentsbut with sizablemultipolesare importantand
mustbeexaminedTheyshouldnot, howeverreplacethe
databaseof aliphatic and acyclic hydrocarbons.A
representativeset of aromatic solvents of varying
dipolarities is also necessary(benzeneis particularly
important).

In thecasesexaminedabove theratio a/bis significant
but in someinstanceshis ratio is small. Propertiesof
this kind are prime candidatesfor correlationswith
omax alone. Medium effects on the frequenciesof the
0-0 transition of the longest wavelength absorption
band in the electronic spectrumof all-trans1,3,5,7-
octatetraené® oo (Table 1) area goodexample.

Equation(22) holdsto a gooddegreeof precision:

oo_o(cm™t) = 10.3(2.0) x 10° 4 1.0250.093)0max
(22)

(n=7;r=0.980SD=77cm?)
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This correlation applies to all the available data,
including valuesdeterminedn 13, 19, 20 and50.

As seerabove omaxis extremelyusefulfor correlation
purposesln thiswork, howeverwe havenotredefinecbr
otherwise modified the n*, scale before achieving a
substantiabnlargemenbf the database.
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