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SOLVENT EMPIRICAL SCALES
FOR ELECTRONIC ABSORPTION SPECTRA

PACS 33.20.Kf

Linear correlation between the Emax (kcal/mol) of the wvisible electronic absorption band of
four pyridazinium ylids and the empirical polarities Z (kcal/mol) defined by Kosower are
established, proving the intramolecular charge transfer nature of this band. The slopes of
the lines are smaller for the carbanion monosubstituted ylids, compared with those of the
carbanion disubstituted ylids. This fact emphasizes the prevalence of the dipolar interactions

in ylid solutions.

The blue shifts recorded in the protic solvents suggest the hydrogen bond formation between
the —OH of these solvents and the ylid carbanion.

A linear dependence exists between the values of Emax (kcal/mol) recorded for two studied
ylids. This fact demonstrates that the solvents can be arranged on the empirical scale describing
their action on similar chemical compounds, in which electronic transitions of the same nature

take place.

Keywords: electronic absorption spectra, ylids, 1-ethyl-4-carbomethoxy-pyridinium iodide.

1. Introduction

When a spectrally active molecule passes from the
gaseous to condensed phase, it supports the global
action of the neighboring molecules emphasized by
changes in its spectral parameters (intensity or band
position). The electronic (absorption or emission)
spectra involving the valence molecular cloud are
very sensitive to the global action of the condensed
medium. The electronic spectra require very small
concentrations (smaller than 1073 mol/L) of the spec-
trally active molecules in solutions. So, they are sur-
rounded only by solvent molecules, and the interac-
tions between them are negligible. The interactions
of spectrally active molecules with the solvent deter-
mine the spectral shifts proportional to the difference
between the solvation energies in the electronic states
participating in the transition producing the electron
absorption (fluorescence) band.

The electronic bands measure the strength of
the intermolecular interactions by their spectral
shifts. Solvatochromic studies can provide informa-
tion about the intermolecular interactions in a given
solution [1, 2|.
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There are models [3-5] that describe the solvent in-
fluence on the electronic absorption and fluorescence
spectra, but they have no general applicability, be-
cause the type and the strength of intermolecular in-
teractions depend on the solvent electrooptical pa-
rameters, as well as on their capacity to realize charge
transfer complexes with spectrally active molecules.
Specific interactions are usually neglected in the ex-
istent theoretical models.

The long-range interactions in simple liquids are
also dependent on the solvent nature. So, in a dipo-
lar solvent, the orientation interactions will be pre-
dominant, while the dispersive interactions are more
important in the nonpolar solvents. Significant de-
viations of the predicted spectral shifts by the ex-
istent theories compared with those experimentally
estimated were obtained for various types of solute-
solvent pairs [6-10].

The empirical scales of solvents were constructed
in order to classify more easily the pure liquids by
their action on the electronic absorption or fluores-
cence spectra.

The standard compound used by Kosower [11-16]
for the empirical scale of solvents is 1-ethyl-4-carbo-
methoxy-pyridinium iodide (ECMPI) with a visible
electronic absorption band very sensitive to the sol-
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vent action. The mechanism of appearance of the
visible band was explained by Kosower in Fig. 1, a.
The arrangement of the solvent molecules arround the
complex is suggested in Fig. 1, b.

The charge transfer from the iodide ion to the hete-
rocycle determines changes in the orientation and the
magnitude of dipole moment (Fig. 1, a).

According to the Franck—Condon principle [2, 3],
the electron distribution duration in a transition is
very quick, as compared with the relaxation time of
a solvent. In the excited state, the dipole moment is
perpendicular to the reactive electric field created by
solvent molecules. Hence, the stabilization energy in
the excited state of ECMPI complex is null. Kosower
showed that the spectral shift of the electronic ab-
sorption band of the complex is determined only by
the stabilization energy in the ground state of the
complex [11].

2. Experimental

The electronic absorption spectra of pyridazinium
ylids in binary and ternary solutions were recorded
on a Specord UV VIS spectrophotometer (Carl Zeiss,
Jena) with acquisition system. The accuracy of the
wavenumber determination was of +50 cm~!. The
solvents used were of spectral grade or were purified
through the known methods. The Z-values defined
by Kosower are taken from the literature [11-16].
The used solvents were spectrally grade.
Pyridazinium ylids were prepared as indicated in
[17], and their purity has been established by spectral
(NMR and IR) means. The chemical structures of the
studied compounds are given in Fig. 2 and Table 1.

3. Results and Discussion

The studied pyridazinium ylids are dipolar zwitteri-
onic molecules [17-19], in which a carbanion is co-
valently bound to a pyridazinium derivative. These
compouds were tested from their biological activity,
showing a pharmaceutical potential [20-22]. From
this point of view, the knowledge about the interac-
tions of pyridazinium ylids with solvents is of great
importance.

The studied spectrally active molecules have a vis-
ible absorption band very sensitive to the solvent na-
ture. It shifts to blue, when the ylid passes from an
aprotic to protic solvent or from a nonpolar to a po-
lar solvent [18-19]. The disappearance of this band in
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Fig. 1. Chemical structure and the intermolecular charge
transfer mechanism in ECMPI complex (a); Solvent arrange-
ment in the first solvation shell of complex ECMPI (b)
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Fig. 2. Chemical structure of the studied compounds

acid media [17] is a proof of its charge transfer nature.
When the ylid molecule absorbs a photon, a part of
the electronic charge from the carbanion shifts toward
the heterocycle. The intramolecular charge transfer
(ICT) can diminish the molecular dipole moment or
can even change its sense.

The mechanism of ICT transfer and the distribu-
tion of solvent molecules in the first solvation shell
of pyridazinium ylids (in the electronic states respon-
sible for the visible absorption band appearance) is
suggested in Figs. 3, a and 3, b, respectively.

In the solvation process, the dipolar molecules of
ylids orient the solvent molecules (having a perma-
nent or induced dipole moment) in their electric field.
The solvation energy in the ground state of ylid is pro-
portional to the scalar product of the dipole moment
of ylid and the solvent reactive electric field.

Solvent molecules‘ orientation remains unchanged
in the excited state of pyridazinium ylid, while the
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Table 1. Substituents of the studied pyridazinium ylids

No. Ylid R R1 Ra
1 Y1 —~CH(CH3)2 -H —~COCgH4NO2(p) p Cumyl-pyridazinium p nitrophenacylid
2 Yo -H -H —~COCgH4NO2(p) p Phenyl-pyridazinium p nitrophenacylid
3 Y3 —CH(CH3)2 -COCHs3 —-COCgHs5 p Cumyl-pyridazinium-acetyl-benzoyl methylid
4 Yu -H —COCHs3 —COCgHs p Phenyl-pyridazinium-acetyl-benzoyl methylid

S 2 WE
<7 O G

Fig. 3. Chemical structure and intramolecular charge trans-
fer mechanism of the studied pyridazinium ylids (a); Solvent
arrangement in the first solvation shell of the studied ylids in
their ground and excited states (b)

dipole moment of ylid can change its sense by excita-
tion, becoming antiparallel with the dipole moment
in the ground state of the ylid. The energy balance
explains the shift to blue of the ylid ICT absorption
band. This shift increases with the solvent polarity.

The variation of the empirical polarities is higher
(AZ = 40 kcal/mol) compared with the variation of
the energy in the maximum of the ICT band of ylids
(AEmax = 10 kcal/mol). This difference is due to
the fact that, in Z, only the ECMPI complex solva-
tion energy is contained in its ground state, while the
values Epax (kcal/mol) contain the difference of the
solvation energy in the electronic states responsible
for the ICT band appearance.

A linear dependence exists between the energy in
the maximum of the visible intramolecular charge
transfer (ICT) band of pyridazinium ylids [6-9] and
the empirical polarities defined by Kosower. The big-
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ger the dipole moment of the studied zwitterionic
compound, the higher the slope of the linear depen-
dence. From this point of view, the empirical scales of
solvents can be used as an indicator of the strength of
the intermolecular interactions in a given solvent and
as an indicator of the physical properties of the spec-
trally active molecules. The empirical scales of the
solvents do not contribue to the intermolecular inter-
action mechanism elucidation, but constitue a rapid
efficient method in establishing the strength of the
solvent action on the molecular electronic cloud.

From the point of view of the solvite — solvent inter-
actions, the visible ICT electronic band of the studied
pyridazinium ylids is alike with the visible band of the
ECMPI complex used by Kosower (Fig. 1) to define
the empirical polarities of solvents.

The solvation energies of pyridazinium ylid molecu-
les are bigger in the ground state, as compared with
those in the excited state. Thus, the sense of the
spectral shifts is the same for 1-ethyl-4-carbometho-
xy-pyridinium iodide and for the ylids. The difference
is that the energy of interaction of the standard sub-
stance in its excited state is near null, as compared
with the pyridazinium ylids, whose energies in the
excited states are smaller than those in ground state,
but it is not equal to zero.

The possible spectral shifts in the solutions of pyri-
dazinium ylids are suggested in Fig. 4, in which the
relative positions of the electronic levels participat-
ing in the ICT transition in the gaseous phase and in
solvents are drawn.

A linear dependence of type (1) between the
wavenumber in the maximum of the intramolecular
charge transfer band and the empirical polarities
has been emphasized for the studied ylids.

Epnax(kcal/mol) = m - Z(kecal/mol) + n. (1)

In (1), Epax is the energy in the maximum of the
visible ICT band of pyridazinium ylids, and Z are
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the empirical polarities defined by Kosower. In view
of the chemical structures of the studied compounds,
these dependences have different slopes.

If a proportionality factor is established between
the values of wavenumbers in the maximum of the
electron charge transfer bands and the empirical po-
larities, the pyridazinium ylids could be used in the
empirical solvent scale enlargement as in [8, 9.

Having in view their action on the ICT elec-
tronic band of ECMPI and of pyridazinium ylids,
the solvents could be listed in the way suggested by
Table 2.

Some solvent mixtures with the empirical polari-
ties measured by Kosower [11, 12] were also used in
order to estimate their influence on the electronic ab-
sorption spectra of some cycloimmonium ylids. The
values of the frequencies in the maximum of the
ICT band, Epax (kcal/mol) of the pyridazinium ylids

Table 2. Solvent empirical polarities

Z (kcal/mol) and energies in the maximum
of the ICT visible band, Emax (kcal/mol),
of the studied pyridazinium ylids
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Fig. 4. Spectral shifts determined by the changes in the mag-
nitude and the orientation of dipole moments in the ground
and excited states of a spectrally active molecule

studied in this paper are given in Table 3 for the
ternary solutions.

The dependence of type (1) is illustrated in Fig. 5
for binary solutions of the studied ylids (see Table 2).

The same dependence (1) can be established for
ternary solutions of the studied pyridazinium ylids
in binary solvents Water + Acetone and Water +
+ Ethanol (see Fig. 6 and Table 3).

No. Solvent 4 (55311) Yi | Y2 | Y3 | Y4 Table 3. Empirical polarities Z (kcal/mol),
energies in the maximum of the ICT visible band,

1 | Chlorbenzene 59.1 | 57.0 | 58.0 | 57.5 | 58.0 Emax (kcal/mol), of pyridazinium ylids in binary

2 | Ethylacetate 60.3 _ _ 58.0 | 59.0 solvent Water + Ethanol and Water + Acetone

3 | Anisol 60.6 56.9 | 57.2 | 7.7 | - .

Binary

4 | Benzene 62.4 - - | 575|574 solvent No.| ¢ (%) Y1 Y Y3 Yy

5 | Chloroform 63.2 57.6 | 58.0 | 58.3 | 58.3

? E;‘;?E::hane Sﬁ 569 | 56.9 :2; g:; Ethanol | 1] 98.0 | 80.2 |59.7 | 59.5 | 62.5 | 62.5

8 | Dichlormethane 64.2 57.7 | 57.7 | 58.1 | 58.2 21969 80.8 60.0°1 59.7 | 62.7 | 62.5

9 | Iso-amyl acetate 64.4 57.8 | 57.9 | 57.7 | 58.0 31950 81.2 60.111 59.9 1 62.8 | 62.8

Acetone 65.7 es0l - |ss6 585 41 92.0 82.0 60.2 | 60.1 | 62.9 | 63.1

10° | Ace 51900 | 825 |602]|60.1]|630] 633
11 | DMF 68.5 57.6 | 57.6 | 58.8 | 58.8 6| 85.0 83.8 603 | 603 | 635 | 636
12 DMSO - 71.1 57.8 | 57.5 | 59.2 | 59.2 7 | 0.0 84.8 604 | 603 | 638 | 638
13 | Diaceton alcoho 74.7 58.9 | 58.9 | 60.5 | 60.7 s | 75.0 85.7 60.6 | 604 | 642 | 641
14 | Iso-propyl alcohol 76.3 59.4 | 59.2 | 61.8 | 61.1 9| 70.0 86.4 60.7 | 60.6 | 64.4 | 646
15 | N-buthyl alcohol 777 60.2 | 59.2 | 61.8 | 62.1

16 | N-hexyl alcohol 78.2 59.2 | 59.0 | 61.5 | 61.5 Acetone 1] 99.0 68.1 58.3 | 58.4 | 58.9 | 59.9
17 | N-proyl alcohol 78.3 59.6 | 59.4 | 61.8 | 61.5 2| 95.0 72.9 58.8 | 58.8 | 59.6 | 59.7
18 | N-octyl alcohol 79.1 59.2 | 59.1 | 61.5 | 61.5 31 93.0 74.8 58.9 | 59.1 | 60.0 | 60.1
19 | N-amyl alcohol 79.4 59.6 | 59.2 | 61.5 | 61.5 4 | 90.0 76.6 59.1 | 59.4 | 60.5 | 60.3
20 | Ethanol 79.6 60.0 | 59.7 | 62.1 | 62.1 5| 85.0 78.8 59.7 | 59.6 | 61.0 | 61.5
21 | Iso butyl alcohol 80.6 59.6 | 59.1 | 62.0 | 61.8 6 | 80.0 80.7 60.0 | 60.0 | 61.8 | 62.0
22 | Formamide 81.0 59.6 | 59.0 | 63.5 | 63.5 7| 75.0 82.1 60.3 | 60.2 | 62.5 | 62.4
23 | N-benzyl alcohol 82.1 - - |62.1]|61.8 8 | 70.0 83.2 60.6 | 60.7 | 62.5 | 62.5
24 | Methanol 83.6 - - 163.5]63.0 9| 65.0 84.3 60.9 | 60.8 | 63.2 | 62.8
25 | Ethylene glycol 85.1 60.6 | 60.4 | 64.2 | 65.3 10 | 60.0 85.5 61.2 | 61.3 | 63.5 | 63.3
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Fig. 5. Emax (kcal/mol) vs. Z (kcal/mol) for: a) Y1 and b) Y2 in binary solutions
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Fig. 6. Emax (kcal/mol) vs. Z (kcal/mol) for the studied pyridazinium ylids in ternary solutions: a) Water + Acetone + Ylid
and b) Water + Ethanol + Ylid

Table 4. Slope (m + Am) and cut at the origin (n + An) of the lines Emax = mZ +n
for binary -+ ternary solutions of the studied pyridazinium ylids; R, linear regression
coefficient; SD, standard deviation; IN, number of points validated in statistics

Ylid m+ Am n = An (kcal/mol) R SD N Eliminated solvents
Y; 0.1491 + 0.0064 47.8929 + 0.4942 0.93 0.307 39 2,4, 6, 23, 24
Ya 0.1343 £ 0.0077 49.0091 + 0.6009 0.90 0.308 33 1,2, 4,6, 7,10, 12, 21, 22, 23, 24
Y3 0.2545 + 0.0091 41.8078 + 0.7013 0.94 0.503 44 -
Yy 0.2497 + 0.0106 42.1376 + 0.8183 0.93 0.525 41 2,3,25

In Fig. 7, we plot all points corresponding to the propiate values of the slopes of linear dependences (1)

binary and ternary solutions of pyridazinium ylids. are calculated for the pyridazinium ylids with com-
The slopes and cuts at the origin for all experimen- ~mon carbanion, Y; and Y2, Y3 and Y}, respectively.
tal points are listed in Table 4. The data of Table 4 When an empirical scale is realized for a given sub-

illustrate a higher sensitivity of the carbanion disub-  stance, the solvents can be arranged on an empirical
stituted pyridazinium ylids to the solvent action. Ap- scale by the wave number in the maximum of the
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Fig. 7. Emax (kcal/mol) vs. Z (kcal/mol) for the studied pyridazinium ylids in binary(B) and ternary (T) solutions

electronic absorption band of this substance for in-

dicating their similar action on the compounds with

appropriate chemical structure.

It follows from the data of Table 4 that the slopes
of lines (1) are smaller for the carbanion monosub-
stituted pyridazinium ylids Y; and Y5, as compared
with those for the carbanion disubstituted pyridazi-
nium ylids Y3 and Yy. This fact demonstrates that

the dipolar interactions are stronger in the last two

pyridazinium ylids.

4. Conclusions

The empirical scales of solvents can be used in order

to describe the solvent influence on the electronic ab-
sorption or fluorescence spectra of some related sub-

stances.

Being zwitterionic compounds and having an elec-

tronic absorption band with intramolecular charge
transfer, pyridazinium ylids are very sensitive to
the solvent action. The energies in the maximum
of the ICT band of pyridazinium ylids linearly de-

ISSN 2071-0194. Ukr. J. Phys. 2014. Vol. 59, No. 3

pend on the empirical solvent polarities defined by
Kosower. As indicators of the intermolecular inter-
actions strength in the studied solutions, the slopes
of these dependences increase with the pyridazinium
ylid permanent dipole moments.
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EMIIIPMTYHI MACIIITABI
PO3YMHHUKA J1JI51 EJIEKTPOHHIUX
CIIEKTPIB ITOI'JIMHAHHS

Peszowme

JlinifiHa 3ajexkHiCTh, BCTaHOBJIEHA MIXK Fmax (KKaJ/MOJIB)
€JICKTPOHHOI CMYT'M IOIVIMHAaHHA Yy BHJIMMOMY Jialla30Hi
IUIsST YOTHPHOX MipigasiHiym riam Ta eMmipuvHi MOJIAPHOCTI
Z (kKaJ1/MOJIb), BUSHAYEHI KOCOBEPOM, ITOKA3Y€, IO 5 €JIEKT-
POHHA CMyTa MOB’s3aHa 3 BHYTPIITHBOMOJIEKYJISIPHUM IIE€PEHO-
coMm 3apsay. Haxun miniit Menmi st kap6aHioH MOHO3aMiIIe-
HUX 11iAiB MopiBHsAHO KapbaHioH imigamu, ABidi 3amimeHUMUA.
Ile migkpeciroe Toit axT, 10 GIMOJAAPHI B3a€MO/IIl TIepeBazka-
I0Tb B PO3YHHAX LIifiB.

CrekTpaJibHi 3pyIIeHHs B CHHIO 00JIACTh B IIPOTOHHUX PO3-
YUHHUKAX JO3BOJISIE TOBOPUTH PO (POPMYBaHHS BOJHEBUX
3B’a3KiB Mi>k OH-rpynu nux po3unHHUKIB i KapGaHioH iiiB.

Icuye niniitna 3ayeKHICTh MiXK 3HaYeHHSAMU Fmax (Kkam/
MOJIb) ISl BOX BuBYeHuX Liiais. e mokasye, mo po3uYuHHUKH
MOXKYTb OyTH PO3TaIlIOBaHi B eMIIipUIHUI MaciiTad BiIIOBIIHO
3 Ix giero Ha XiMidHI CIIOYKH, B SIKAX BiOYBAIOTHCSI €JIEKTPOH-
Hi I1epexo/u TOro CaMoro THUILY.
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