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Abstract. Two cycloimmonium ylids with common carbanion were used as spectrally active molecules for 
measuring the amplitude of the internal electric field in liquid solutions. The wavenumbers in the maximum of 
the ylid visible absorption band with electronic charge transfer from the carbanion through the heterocycle can be 
considered as indicator of the strength of the internal interactions in solutions. This band is very sensitive to the 
solvent action. The wavenumbers in the maximum of the visible band depend on the solvent electric permittivity 
and also on the solvent chemical nature. The supplementary spectral shifts measured in protic solvents prove the 
existence of specific interactions between these solvents and the ylid molecules. A solvatochromic study allows 
us to separate the supply of the specific interactions from the total spectral shift recorded in a given solvent.  
Key words: electronic absorption spectra, cycloimmonium ylids, universal interactions, specific interactions.  
Rezumat. Doua cicloimmoniu ilide cu carbanion comun si diferiti heterocicli au fost utilizate in calitate de 
molecule spectral active pentru a masura amplitudinea campurilor electrice interne in lichide.  Banda de absorptie 
din vizibil datorata unui transfer de sarcina dinspre carbanion catre heterociclu, fosrte sensibila la actiunea 
solventului, a fost considerata ca un indicator al tariei interactiunilor interne in solutii. Numerele de unda din 
maximele benzii electronice din vizibil a cicloimmonium ilidelor depind atat de permitivitatea electrica a 
solventilor cat si de structura lor chimica. Deplasarile spectrale suplimentare evidentiate  in solventii protici sunt 
dovada existentei interactiunilor specifice intre acesti solventi si moleculele de ilida. Studiul solvatocromic a 
permis separarea aportului interactiunilor specifice si a celor universale din deplasarea spectrala totala masurata 
intr-un solvent dat.  
Cuvinte cheie: spectru de absorbţie electronică, cycloimmoniu ilide, interacţiuni universale, interacţiuni specifice. 

1. INTRODUCTION 

The spectrally active molecules are used as probes 
for measuring the amplitude of the internal electric 
field in liquid solutions. These molecules are intro-
duced in pure liquids, or in mixtures of pure liquids, 

in very small concentrations ( 3 510 10- --  mol/L). 
For this reason, the diluted solutions are considered 
as being equivalent with independent subsystems 
made by one spectrally active molecule and an 
infinite number of solvent molecules, surrounding 
the spectrally active molecule in solvation shells. 
The hypothesis of the additivity of the molecular 
pair energies is adopted and the average number of 
the possible molecular pairs is estimated. If the 
nature of the intermolecular forces is known, the 
total energy due to the internal forces can be 
computed (Abe, 1965). The experimental data from 
electronic absorption spectra and those estimated 
on the bases of theoretical estimations are very 
close when the approximations in which the theory 
of the studied solutions is developed takes in 
consideration all internal forces acting in liquid 
solutions (Mc Rae, 1957).   

The liquid solutions analysed by spectral means 
are usually homogeneous systems containing an 
infinite number of solvent molecules and spectrally 
active molecules in very small concentrations  

( 3 510 10- --  mol/L). The spectrally active mole-
cules (noted by u) are at distances at which the 
interactions forces between them can be neglected. 
Consequently, the solutions can be divided in sub-
systems made by a spectrally active molecule and a 
high number of solvent molecules (noted by v).  In 
theoretical representations, the diluted solutions are 
studied by one subsystem and then the contributions 
of all subsystems are evaluated by multiplying the 
contribution of one system by the number of the 
subsystems (Abe, 1965) and (Pop et all., 1986).  

Cycloimmonium ylids are molecules with a 
visible absorption band due to an intramolecular 
charge transfer from the carbanion towards the 
heterocycle (Zugravescu, 1977) and (Dorohoi, 2004). 
This band is very sensitive to the solvent action 
and can be used as an indicator of the strength of the 
internal electric field in solutions. Solvatochromic 
study of the visible band of cycloimmonium ylids 
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offers information about the nature of the inter-
molecular interactions in their solutions (Closca 
and all. 1014); (Dorohoi, 2004) and (Gheorghies 
and all, 2008).  

2. THEORETICAL NOTIONS  

Let us suppose that the diluted solution of one 
spectrally active substance  can be divided in n 
subsystems consisting from one spectrally active 
molecule (u) and a high number of solvent mole-
cules (v). The energy computed for one subsystem 
will be multiplied by n, total number of molecules 
u from the solution, in order to obtain the total 
energy of interactions between this molecule and 
the solvent molecules. 

A subsystem analysed using the theory of simple 
liquids contains one spectrally active molecule and a 
high number of identical solvent molecules noted 
by v. The solvent molecules are arranged as 
solvent layers concentrical with u molecule, which 
react by central forces with the central, u molecule 
(Mazurenko, 1972). In theory of simple liquids the 
molecular shells are considered concentrical spheres 
and concentric with the spectrally active molecule. 

One of the most used theory regarding the 
homogeneous solutions (considered as dielectric 
continuous infinite media) which expresses the 
solvit-solvent energy as function on the electronic  
transition energies from the spectrally active mole-
cule, is that developed by Bakhshiev (Bakhshiev, 
1972) based on the theory proposed by Mc Rae. 
Bakhshiev obtained a quantitative relation between 
the spectral shifts (measured relative to the 
vaporous phase and expressed in cm–1); 

 s v   = -  (1) 

the solvent macroscopic parameters n  and 
(refractive index and electrical parmittivity) and 
the microscopic parameters of the molecules.  

Relation (2) generally describes different types 
of intermolecular interactions:  
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The contributions of the polarization, induction 
and dispersion interactions were introduced in  
relation (2) by the first term dependent on the 
solvent refractive index, and the supply of orien-
tation interactions is aproximated in relation (2) by 
a term depending on the electric permittivity and 
also on the dipole moments of the spectrally active 
molecule in the electronic states participating to 
the intramolecular charge transfer. The universal 
interactions (Bakhshiev, 1972) were grouped as 
functions of refractive index and electrical per-
mittivity.   

The spectral data can inform us about the 
stregth of the universal  intermolecular interactions 
only, because in the theories regarding the simple 
liquids the specific interactions are neglected. 

The specific interactions possibly to act in 
liquids are neglected in the theories of universal 
inteactions and so, the relation (2) gives differences 
of the computed data compared with the experi-
mental ones (Closca and all., 1014) (Dorohoi, 
2004), (Gheorghies and all, 2008). Usually the 
supplemetary suplies are described by solvent 
parameters giving the degree of delocalisation of the 
electronic charges on the ylid carbanion and on -OH 
group of hydroxyl solvents (Dorohoi, 2004). 

3. SOME DETAILS 

The electronic absorption spectra of two 
cycloimmonium ylids with different heterocycles 
and a commun carbanion, in different solvents, 
were recorded at a Specord UV VIS spectrophoto-
meter with data acquisition system. The maximum 
of the electronic absorption bands were determined 
by the first derivative method.  

The spectrally active molecules were two 
cycloimmonuim ylids having the atomic groups –
acetyl ( )3COCH-  and benzoyl ( )6 5COC H- sub-

stituted to the carbanion and as heterocycle 
pyridinium and p-phenyl-pyridazinium, respectively. 
These molecules were noted by PABM and  
PPABM, respectively. 

The spectral data regarding the visible electronic 
absorption band of the studied cycloimmonium ylids 
are listed in Table 1. 

The solvents were spectrally grade and were 
purified when it was necessary using known methods 
(Vogel, 1978). The electric permittivities of the 
solvents were taken from literature. 

The wavenumbers in the maximum of the 
visible absorption band of the studied ylids 
increase with the increase in the solvent electric 
permittivity (Table 1). A supplementary increase 
of the wavenumbers in the maximum of the same 



SPECTRAL MEANS TO ESTIMATE THE ENERGY OF INTERNAL INTERACTIONS IN LIQUID SOLUTIONS 

 
TERMOTEHNICA     1/2015  77 
 

band appear in hydroxy solvents in which hydrogen 
bonds can be realized between the –OH group of 
solvents and the atomic groups substituted to the ylid 
carbanion. 

 
Table 1 

The wavenumber in the maximum of the visible electronic 
band of some cycloimmonium ylids and solvent electric 

permittivity 

No Solvent ε   (cm–1) 

PABM PPABM 
1 n-Heptane 1.88 22600 19940 
2 n-Hexane 1.95 22560 19750 
3 CCl4 2.24 22600 19960 
4 Benzene 2.28 23400 20000 
5 Three Methyl Benzene 2.30 23100 19840 
6 o-Xylene 2.30 23600 20200 
7 Toluene 2.60 23750 20200 
8 Chlorobenzene 5.60 23930 20410 
9 Dichloromethane 9.00 24100 20100 
10 1,2 Dichloroethane 10.10 24500 20070 
11 Pyridine 12.30 24140 20280 
12 Cyclohexanol 15.00 26000 21430 
13 n-Amyl-alcohol 15.00 26300 21300 
14 n-Butyl alcohol 16.00 25980 21530 
15 n-Hexyl alcohol 16.60 25960 21510 
16 Cyclohexanone 18.00 24770 20660 
17 iso-Butyl-alcohol 18.30 23600 21630 
18 Iso Propyl alcohol 18.30 25750 21540 
19 n-Propyl alcohol 20.40 26450 21680 
20 Acetone 20.70 24480 20400 
21 Ethanol 26.60 26760 21650 
22 Methanol 31.00 27500 21630 
23 1,3 Propanediol 33.50 27250 21630 
24 Acetonitrile 36.00 24600 20350 
25 DMF 37.60 24480 20430 
26 Ethylene glycol 41.00 27600 21490 
27 DMSO 54.00 24800 20570 
28 Formamide 109.00 27320 21600 

 
The wavenumbers in the maximum of the 

visible band of cycloimmonium ylids directly 
depend on the solvent electric permittivity, as one 
can be seen in Fig.1. 

The experimental data are disposed in Fig.1 
near two curves, indicating a supplemetal action in 
the solvents for which the points are placed to 
higher values of wavenumbers, compared with the 
a-protic solvents having the same electric per-
mittivity. The points corresponding  to the hydroxyl 
solvents are placed on the second curve situated to 
higher frequency, in which specific interactions are 
possible. Spectral shifts to higher frequencies are 
determined both by hydrogen bond formation 
between the ylid carbanion and the hydroxyl group 
of the alcohols, diols or acids and by the dipolar 
moment increasing when these types of interactions 
take place.  

 
a) 

 
b) 
 

Fig. 1. Visible ICT band wavenumber of PABM   
vs. solvent electric permittivity. 

 
Table 2 

Energy corresponding to specific  
interactions  

Ylid ( )1cm -  ( )kcal/molE  

PABM 1750 21.0 kJ/mol 
PPABM 1180 14.16 kJ/Mol 

 
The hydrogen bonds are stronger in 

cycloimmonium ylids with pyridinium as 
carbanion because in the case of p-Phenyl 
pyridazinium heterocycle the negative charge from 
the carbanion substituents can be more delocalized 
on the heterocycle compared with the first ylid.  

4. CONCLUSIONS 

1. The visible band of the studied cycloim-
monium ylids is very sensitive to the solvent nature 
and can be considered as being an indicator of the 
strength of the intermolecular interactions in their 
solutions.  

2. The solvatochromic analysis allows us to 
separate the contributions of different types of 
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interactions by using the position of the visible 
band of cycloimmonium ylids realized by charge 
transfer from the carbanion towards the heterocycle.  

3. These studies are possible because by ex-
citation, the dipole moment of cycloimmonium 
ylids decreases and the interactions with the 
solvents in the excited state of the spectrally active 
molecules are smaller than in its ground electronic 
state.  
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