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THE SOLVENT-SOLVENT INTERACTION ENERGY 
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Abstract. A linear solvation energy relationship (LSER) was established between the energy in the maximum of 
the intramolecular charge transfer (ICT) absorption band of p-phenyl-pyridazinium-acetyl-benzoyl methylid in 
binary solutions and Kamlet and Taft solvent empirical parameters. The Hildebrand’s solubility parameter values, 
δH, can be used to estimate the solubility of non-electrolytes in organic solvents, δH

2 was used as a measure of the 
enthalpy. The supply of universal and specific solute-solvent interactions as well as the supply of solvent-solvent 
interactions to the total spectral shifts was calculated.  
Keywords: intramolecular charge transfer (ICT), p-phenyl-pyridazinium-acetyl-benzoyl methylid, Hildebrand’s 
solubility parameter, LSER.  
Rezumat. Între energia în maximul benzii de înregistrată în soluții binare ale p-fenil-piridazinium-acetil-benzoil 
metilidă și parametrii π*, α și β definiți de Kamlet și Taft a fost stabilită o relație liniară (LSER). Valorile 
parametrului Hildebrand al solubilității, δH, sunt o măsură a energiei necesare pentru a separa moleculele de 
solvent, iar  valoarea δH

2, este folosită ca o măsură a entalpiei soluției. Au fost determinate aportul interacțiunilor 
universale si a celor specifice dintre solut și solvent precum și aportul interacțiunilor solvent-solvent la deplasarea 
spectrală totală. În solvenți aprotici interacțiunile universale sunt predominante, iar in solvenți protici 
interacțiunile specifice contribuie în măsură mai mare la deplasarea spectrală totala. Interacțiunile solvent-sovent 
aduc o contribuție intre 10% și 30% la deplasarea spectrală totală.  
Cuvinte cheie: transfer de sarcină intramolecular (ICT), p-fenil-pyridazinium-acetil-benzoil metilidă, parametrul 
de solubilitate al lui Hildebrand, LSER. 

1. INTRODUCTION 

p-Phenyl-pyridazinium-acetyl-benzoyl2methylid  
is a zwitterionic compound with separated charges 
on the adjacent atoms of the molecule: a positive 
Nitrogen covalent bounded with a negative Carbon 
(named carbanion)( Zugrăvescu & Petrovanu, 
1976). The chemical structure of the molecule is 
shown in Fig. 1. 
 

 
 

Fig. 1. Chemical structure of p-phenyl-pyridazinium-acetyl-
benzoyl methylid.  

                                                 
* Corresponding author: ddorohoi@uaic.ro 

The studied ylid is a spectrally active molecule 
and it has a visible absorption band due to an 
intramolecular charge transfer from carbanion to 
heterocycle (Dorohoi, 2004). This band is very 
sensitive to the solvent nature; it shifts toward blue 
when the polarity of the solvent increases 
(hypsochromic shifts) (Dorohoi et al., 1994). 

In solutions, between the solvent and the solute 
act universal as well as specific (quasi-chemical) 
forces. The binary solutions theories (Bakhshiev, 
1972), (Abe, 1965) neglect the specific interactions 
and the interactions between the solvent molecules. 
The aim of this paper is to reveal the contributions 
of each type of interaction to the total spectral 
shift. 

2. THEORETICAL BACKGROUND 

The solvent scales were built in order to 
classify the solvents by their actions on the solute 
molecules. There are single parameter scales and 
multiparameter scales.  

One of the most widely used scales was 
proposed by Kamlet, Taft et al.  (Kamlet et al., 
1984). They developed a dipolarity/polarizability 
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scale,  , an acidity scale, α and a basicidy scale, 

β. The  scale is a measure of the dipolarity/ 
polarizability of the solvent.  It is based on the 
solvent-induced spectral shift of the longest 
wavelength absorption peak corresponding to a π 
to π* transition.  The π* scale represents non-
specific solute-solvent interactions as dispersive, 
inductive, and electrostatic and it is assumed to 
exclude specific interactions as hydrogen bonding 
and ion-dipole interaction (Kamlet and Taft, 1977). 

The   scale was selected to run from 0.00 for 
cyclohexane to 1.00 for dimethyl sulfoxide.  

The α scale is an empirical measure of the 
hydrogen bond donor (HBD) acidity of a solvent in 
a solute-solvent hydrogen bond. The α scale was 
selected to extend from zero for non-HBD solvents 
(e.g. cyclohexane) to about 1.0 for methanol. 

  The β scale is an empirical scale of the 
hydrogen-bond accepting (HBA) basicity of the 
solvent toward the solute. The β scale was selected 
to extend from zero for non-HBD solvents (e.g. 
cyclohexane) to about 1.0 for hexamethyl-
phosphoric acid triamide (HMPT). 

In order to count the solvent-solvent interactions 
Hildebrand’s solubility parameter was introduced. 
The solubility parameter is the numerical value that 
indicates the relative solvency behaviour of a 
specific solvent (Reichardt, 2003). The solubility 
parameter derived from the heat of vaporization 
and corresponds to cohesive pressure c.  

The cohesive pressure c is a measure of the 
total molecular cohesion per unit volume, given by 
Eq (1) 
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where vU  is the energy of vaporization, vH  is 

the enthalpy (heat of vaporization of the solvent to 
a gas of zero pressure), mV  is the molar volume, T 

is the temperature and R is the gas constant.  
The cohesive pressure c reflects the degree of 

the universal forces (Van der Waals) that hold the 
molecule together.  

The square root of the cohesive pressure was 
proposed as a numerical value that indicates the 
solvency behaviour of a specific solvent (Eq (2)). 
Solvency is defined as the ability of solvents to 
dissolve a compound (Lutskii, 1982) 
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The cohesive pressure c has high values for the 
solvents with high polarity and low values for the 
nonpolar solvents. Two liquids are miscible if their 
solubility parameter differs by no more 3 units. 

The multiparameter approach is based on the 
use of linear solvation energy relationships (LSER) 
(Taft et al., 1981) to correlate solvent parameters 
with physicochemical properties such as solubility, 
equilibrium constant, or position of a peak 
maximum in an UV/Vis, IR, or NMR spectrum. 

 
2

43210 HCCCCAA         (3) 

where A is a solute parameter, A0 is the regression 
value of this solute parameter in cyclohexane as 
reference solvent, C1, C2, C3 and C4 are the re-
gression coefficients which describe the sensitivity 
of the solute to the solvent parameters π*, α, β, δH

2, 
respectively. Depending on the solute-solvent 
interactions, one or more terms can be neglected.  

3. EXPERIMENTAL 

p-Phenyl-pyridazinium-acetyl-benzoyl methylid 
has been considered as spectrally active molecule. 
The spectrally active substance was prepared by 
known methods (Zugrăvescu & Petrovanu, 1976) 
in the Labs of Alexandru Ioan Cuza University. It 
was checked from the point of view of purity by 
analytical and spectral (IR and NMR) means.    

The electronic absorption spectra were recorded 
with a Specord UV-Vis Carl Zeiss Jena spectro-
photometer with a data acquisition system. 

The spectrally grade solvents were purchased 
from Merck.  

4. RESULTS AND DISCUSSION 

The ICT visible band of the studied ylid in 
solvents having different physicochemical para-
meters has been recorded and the energy expressed 
in kcal/mol in its maximum is listed in Table 1. 

The units conversion 

 
2 3 2( J cm ) 5.35 (kcal mol) =     (4)  

Using Kamlet and Taft solvent parameters, a 
linear solvation energy relationship by the type Eq 
(3) has been used. The best correlation was 
obtained when the term referring to the solvent 
basicity was eliminated (Eq. (5)).  

 2
max 0 1 2 4 HE E C C C  *= + + +   (5)    

The regression coefficients for Eq (5) are listed 
in Table 2. A good correlation can be observed 
(R = 90, SD = 0.76).                            
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Table 1  

Energy in the maximum of visible absorption band of the studied ylid, Emax, Kamlet and Taft’s parameters,  
π*, α, β, Hildebrand’s parameter,δH  (J

1/2cm-3/2) , square value of Hildebrand’parameter, δH
2  (kcal/mol) 

Nr Solvent E max 
(kcal/mol) 

π* α β δH 

(J1/2cm-3/2) 
δH

2 

(kcal/mol) 

1 Formamide 63.5 0.97 0.71 0.48 39.3 288.67 

2 Ethane1,2-diol 65.3 0.92 0.90 0.52 29.9 167.10 

3 Methanol 63.0 0.60 0.98 0.66 29.6 163.77 

4 Ethanol 62.1 0.54 0.86 0.75 26.0 126.36 

5 n-Propyl alcohol 61.5 0.52 0.84 0.90 24.9 115.89 

6 Dimethylformamide (DMF) 58.8 0.88 0.00 0.69 24.8 114.96 

7 Dimethyl sulfoxide (DMSO) 59.2 1.00 0.00 0.76 24.5 112.20 

8 1-Butanol 62.1 0.47 0.84 0.84 23.3 101.47 

9 Pyridine 58.2 0.87 0.00 0.64 21.9 89.65 

10 Acetone 58.5 0.62 0.08 0.48 20.2 76.27 

11 1,2 Dichloroethane 58.2 0.81 0.00 0.00 20.0 74.77 

12 Chlorobenzene 58.0 0.68 0.00 0.07 19.4 70.35 

13 Trichloromethane 58.3 0.69 0.20 0.10 19.0 67.48 

14 Benzene 57.4 0.55 0.00 0.10 18.8 66.06 

15 Ethyl acetate 59 0.45 0.00 0.45 18.6 64.67 

 
Table 2 

Characteristic of Eq (5) 

E0 

(kcal/mol) 
C1 

(kcal/mol) 
C2 

(kcal/mol) 
C4 

 

R SD N 

55.92±0,92   2.46±1.4 4.99±0.81 0.006±0.0006 0.90 0.76 15 

 
a                                                                       b 

Fig. 2. Emax versus Emax calculated:  
a – from Eq (5); b – from Eq (6).  

 
In order to find out the influence of 

Hildebrand’s parameter we correlate the energy in 
the maximum of absorption band Emax only with 
parameters π*, α, β. It was obtained the correlation 
coefficient R = 0.89 and standard deviation 
SD = 0.79.  The results improved when the basicity 
parameter β was eliminated: R = 0.90 and SD = 0.76 
(same values from Table 2). So far, no influence of 
the Hildebrand’s parameter was observed. Con-
tinuing, the experimental values of Emax   were plot 
versus the calculated values of Emax from Eq (5) 
(Fig. 2a) and from Eq (6) (Fig. 2b).    

 max 0 1 2E E C C *= + +   (6) 

There is a good correlation between Emax experi-
mental and Emax calculated as one can see in Fig. 2. 
For Fig. 2a the correlation coefficient is R = 0.92 and 
the standard deviation is SD = 0.66 and for Fig. 2b 
the correlation coefficient is R = 0.91 and the 
standard deviation is SD = 0.70. By using Hilde-
brand’s parameter in LSER, the correlation between 
experimental and calculated values is improved.  

The contribution of the universal forces between 
solute and solvent molecules is measured by the term 
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C1π
*. The contribution of the solvent-solvent 

interaction to the total spectral shift is measured by 
terms and 2

4 HC δ .  The term C2α is a measure of 
specific HBD interactions contribution to the total 
spectral shift. The supply of each type of interaction 

to the total spectral shift in different solvents in 
kcal/mol and in percentage is listed in Table 3.  

In protic solvents the specific interactions are 
predominant, while in the aprotic solvents the 
universal interactions have an important role.  

 
Table 3 

Supply of each type of interaction to the total spectral shifts 

Nr Solvent C1π
*

(kcal/mol) 
Pπ

*

(%) 
C2 π 

(kcal/mol) 
Pα 

(%) 
2

4 HC δ  

(kcal/mol) 

P 2
H  

(%) 

1 Formamide 2.39 30 3.54 45 1.93 25 
2 Ethane1,2-diol 2.26 29 4.49 57 1.12 14 
3 Methanol 1.48 20 4.89 66 1.10 15 
4 Ethanol 1.33 21 4.29 66 0.85 13 
5 n-Propyl alcohol 1.28 20 4.19 67 0.78 12 
6 Dimethylformamide (DMF) 2.16 74 0 0 0.77 26 
7 Dimethyl sulfoxide(DMSO) 2.46 77 0 0 0.75 23 
8 1-Butanol 1.16 19 4.19 70 0.68 11 
9 Pyridine 2.14 78 0 0 0.60 22 
10 Acetone 1.53 63 0.40 16 0.51 21 
11 1,2 Dichloroethane 1.99 80 0 0 0.50 20 
12 Chlorobenzene 1.67 78 0 0 0.47 22 
13 Trichloromethane 1.70 54 1.00 32 0.45 14 
14 Benzene 1.35 75 0 0 0.44 25 
15 Ethyl acetate 1.11 72 0 0 0.43 28 

 
The solvent-solvent interactions have a 

significant role to the total spectral shift: the 
contribution of this type of interaction is 
between 10% and 30%. 

5. CONCLUSIONS 

1. The linear dependence of energy in the 
maximum of the visible ICT band of p-phenyl-
pyridazinium-acetyl-benzoyl methylid on the 

parameters π*, α and 2
H  (LSER) is established. 

2. The HBA interactions can be neglected in 
binary solutions of the spectrally active molecule. 

3. The contributions of different types of 
interactions to the spectral shifts are evaluated.  

4. The correlation between the experimental 
and the calculated values of the energy in the 
maximum of absorption band is improved by using 
the Hildebrand’s parameter.  

5. The solvent–solvent interactions have an 
important role to the spectral shifts.  
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