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Intermolecular Interactions in Binary Solutions of
3-(p-cumyl)-pyridazinium-benzoyl-2,4,6 picryl methylid (CPBPM)

Described by Catalan’s Parameters
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The wavenumbers in the maximum of the visible absorption band of a carbanion disubstituted ylid in binary
solutions were correlated with the solvent Catalan’s parameters. The supply of universal and specific
interactions to the total spectral shift was established.  The hydrogen bonds were recomputed for CPBPM in
water solution using HyperChem 8.06 Programme.
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3-(p-cumyl)-pyridazinium-benzoyl-2,4,6 picryl methylid
(CPBPM) is a zwitterionc compound [1-5] having a
disubstituted negative carbanion covalent bounded with a
positive Nitrogen from the pyridazinium heterocycle.

The studied ylid has a visible absorption band due to an
intramolecular charge transfer (ICT) from the carbanion
to heterocycle (fig.1) [6-10]. This band is very sensitive to
the solvent nature. In protic solvents and in polar ones the
spectral shifts are towards blue. It means that the ylid
dipole moment decreases by excitation and so, the
solvation energy in the excited state is smaller than in the
ground state [7-9].
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wavenumber scale  with the difference between the
molecular solvation energies, ∆We and ∆Wg in the
electronic states participating to the absorption process.

Fig. 1 The intramolecular charge transfere (ICT) mechanism

Among its various applications (acid-base indicator [1],
precursor of new heterocyclic compounds) CPBPM has
pharmaceutical potential [11, 12].

Compared with gaseous phase, in wich a spectrally
active molecule could be considered isolated, free of
external forces, in solutions this molecule is under the
influence of solvent molecules.

Between spectrally active molecules and solvent ones
act universal (long range) and specific (quasi-chemical,
short range) forces.

The electric field created by the solvent molecules
modifies the electron valence cloud of the spectrally active
molecule and minimizes the ground state energy
compared with that of the same isolated molecule.
Depending on the changes induced by electronic transition
responsible for the absorption band appearance, the energy
in the excited state can differ by that coresponding in the
ground state of the  molecule. So, by passing the spectrally
active molecule from its gaseous phase to homogenous
solution, the electronic absorption band is shifted in the

Figure 2 ilustrates a scheme of the ICT electronic
absorption transition in two of the spectrally active
substance (gaseous and solution phase).

                                       (1)

The spectral shift measured in the maximum of the
electronic absorption band due to the solvation process is
proportional with the difference of the solvation energies
in the electronic states participating to the absorption
process (eq. 1)

A series of researches explained the spectral shift
recorded in absorption spectra by using the liquid theories.
But the exitent theories are not generalized to the large
variety of liquids and obtained formulas [13, 14] can not
describe the shifts in each solvent with the same precision.

In order to clasify solvents taking in consideration their
action on the molecules with similar structure, some
empirical scales were proposed [ 15-22].

Catalan et al. [20, 21] introduced a new multiparameter
scale based on solvent dipolarity/polarizability (SPP scale),
solvent acidity (SB scale) and solvent basicity (SB scale).

Two probes which show a positive solvatochromic
effect: 2-amino-7-nitofluorene (DMNAF) and its
homomorph 2-fluoro-7-nitrofluorene (FNF) were used to

Fig. 2 Spectral shift due to the solvation process
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measure the dipolarity/polarizability. The difference

 was taken as a measure
of solvent dipolarity/polarizability (SPP scale). The
references for  normalize the SPP scale are the  gas phase
( SPP=0.000) and dimethyl sulfoxides (DMSO)
(SPP=1.000). The SPP scale is defined as:

 (2)

SB is the hydogen-bond  acceptor (HBA) basicity scale.
The probes used were 5-nitroindoline (NI) and its
homomorph 1-methyl-5- nitroindoline. (MNI). The two
homomorphs have the same HBA properties as well as
similar dipole moments and polarizabilities. Thus, they
exhibit the same sensitivity to changes in solvent dipolarity/
polarizability and should only register a change in the
solvent’s HBA basicity. The difference 
is used to  measure the ability of solvent to accept hydrogen-
bonds. In order to normalize the SB solvent scale two
references was taken: the gas phase (SB=0.000) and
tetramethyl-guanidine (TMG) (SB=1.000).

  (3)

A solvent hydrogen-bond donor (HBD) acidity scale (SA
scale) was developed by Catalan et al., using the homo-
morphic merocyanines 1-methyl-4-[(4-oxocyclohexa-
ienylidene)-ethylidene]-1,4-dihydropyridine with  o,o’-di-
tert-butylstilbazolium betaine (DTBSB) in position α,α’-to
the carbonyl group and o-tert-butylstilbazolium betaine
(TBSB) in position α –to the carbonyl group.

Thedifference 
was used to define SA scale.

In order to obtain a normalized scale of near-zero HBD
acidity for non-HBD solvents and a value of roughly unity
for HBD solvents, the SA scale was deûned as follows
[23,24]:

      (4)

The probe mentionated above (DTBSB and TBSB) are
protonated by strongly acidic solvents. In order to extend
the SA scale for acidic solvents it was used 3,6-
diethyltetrazine (DETZ) as a suitable probe.

Experimental part
The CPBPM was prepared in the Labs of Alexandru Ioan

Cuza University  as it was described in [1].
The solvents purchased from Merck Company were of

spectrally grade and if it was necessary they were purified
as it is described in [25].

The electronic absorption spectra were recorded with a
Specord UV-Vis spectrofotometer Carl Zeiss Jenna with
data acquisition system.

The solutions concentration was of about 10-4  mol/L.
Glass cuvettes of 1 cm thickness were used.

The Hyperchem 8.06 Programme [26]  was used  for
geometrical optimization of the ylid molecule and for
recomputing hydrogen bonds. It was set up a periodic
solvent  box having the dimensions: x=11Å, y=7Å, z=
17Å. The  maximum number of water molecules for the
chosen box dimensions was 44 and the minimum distance
between solute and solvent molecules was 2.3Å.

Results and discussions
The ICT visible band of CPBPM in solvents having

different physicochemical parameters has been recorded
and the wavenumber in its maximum is listed in table 1.

Table 1
THE CATALAN’S PARAMETERS: SPP, SA, SB,
THE WAVENUMBERS IN THE MAXIMUM OF

THE VISIBLE ABSORPTION BAND OF
CPBPM ,ν (cm-1)

)

~
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A multilinear dependence of the type (5) proposed by
Catalan was used to describe the spectral shifts of CPBPM
measured in the solvents from table 1.

        (5)

A good corelation was obtained as one can see in table
2 . The probes used by Catalan have bathocromic shifts
and CPBPM shows hypsochromic shifts. This fact explains
the negative sign of SPP coefficient.

The calculated wavenumbers in the maximum of the
ICT absorption band of CPBPM using equation (5) are

Table 2
CHARACTERISTICS OF EQ. (5) FOR BINARY SOLUTIONS OF CPBPM

Fig.3. νcalculat(cm-1) versus νexperimental t(cm-1)

plotted versus the corresponding experimental values in
figure 3.

There is a good linear correlation between the calculated
and experimental values of the wavenumbers in the
maximum of the visible ICT band of CPBPM (R=0.92,
SD=7.83).

The contributions to the total spectral shift in (cm-1) and
in percentage of each type of interaction in a given solvent
were evaluated and listed in table 3.

 The HBD interactions are absent or weak in non-protic
solvents and only induction-orientations dipolar universal
interactions ( SPPa ⋅ ) and HBA specific interactions are
responsible for spectral shifts due to the solvation process
(table 3).

The protic solvents contribute to specific HBD
interactions and cause supplementary deviation of the
visible ICT band of CPBPM. In protic solvents, besides the
universal interactions, specific interactions cause
supplementary spectral shifts of visible the absorption band
of CPBPM.

The recomputed hydrogen bonds (dashed lines) in
solution of CPBPM in water using Hyperchem 8.06
Programme is shown in figure 4.

 Table 3
SUPPLY, EXPRESSED IN cm-1 AND IN

PERCENTAGE OF UNIVERSAL
(a . SPP)  AND SPECIFIC (b . SA AND

c . SB) INTERACTIONS TO TOTAL
SPECTRAL SHIFT IN BINARY

SOLUTIONS OF CPBPM

~ ~

As one can see in table 3, for water solution the HBD
interactions is prevail. The most likely atom of spectrally
active molecule that would achieve a hydrogen bond is
one of the Oxigen atoms of the picryl substituents (fig. 4).
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Conclusions
The general SPP scale of solvent dipolarity/polarizability

and specific SA and SB scales are orthogonal to one another
[20,22] and can be used to analyse the solvent effects on
the absorption spectra.

The HBD interactions do not contribute to the spectral
shifts of the absorption band of CPBPM in used aprotic
solvents from aldehydes and ketones, esters and arenes
and alkylarenes groups. For this solvents, the supply of
universal forces and of the HBA  interactions to the toatal
spectral shifts of the absorption band are aproximatively
equal. In the other aprotic solvents the supply of HBD
interactions to the total spectral shifts is small.

In protic solvents the specific interactions (HBD and
HBA) are predominant, while the supply of the universal
interactions is smaller.
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   Fig. 4  Hydrogen bonds in binary solution of CPBPM in water


