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Abstract. The electronic absorption spectra of two Aryl-1,2,4-triazol-1-ium-(p)-chloro-phenacylids were recorded in 
ternary solutions and the difference of interaction energies in molecular pairs of the types: ylid - protic solvent 
and ylid - non-protic solvent, respectively, was estimated in the limits of the statistical cell model of ternary 
solutions. This kind of study is important for the researchers working in Quantum Chemistry interested in 
experimental values of the molecular parameters to be used in molecular modelling.  
Keywords: triazolium ylids, electronic absorption spectra, potential energy in molecular pairs, ternary solutions. 
Rezumat. Modelul statisrtic al solutiilor cu trei componente permite estimarea diferentei dintre energiile potentiale de 
interactiune in perechi moleculare de tipul ilida-solvent activ, respectiv ilida solvent inactiv. Pentru un mol de substanta 
energia este de ordinul a cativa Joule. Solutiile contin o cantitate mare de energie datorita interactiunilor solvit-solvent.  
Cuvinte cheie: triazoniu ilidă, spectru de absorbție electronică, energie potentială în perechi moleculare, soluții ternare.  

1. INTRODUCTION 

Universal and specific forces can act in 
homogeneous solutions (McRae, 1957).  The total 
energy due to intermolecular interactions in solutions 
can be approximated by making the sum of the all 
potential energies in the molecular pairs formed by 
the solvent molecules with the spectrally active 
molecule (Mataga, 1970), (Bakhshiev, 1972).  

Because the extinction coefficient of the spectrally 
active molecules is high enough, they are in small 
quantities in the studied solution. So, these molecules 
are at high distances at which the interactions 
between them can be neglected. The solution can be 
divided in sub-systems formed by a spectrally active 
molecule and an infinite number of solvent molecules 
surrounding it (Mazurenko, 1972), (Pop et all., 1986).  

The sub-system can be taught as infinite solvation 
shells surrounding the central spectrally active 
molecule. Using this representation about the homo-
geneous solutions, one can suppose that in ternary 
solutions, the solvation shells are not homogeneous 
systems at molecular scale. The molecules are 
arranged in solvation shells, following energetically 
criteria, and so, the composition of the solvation 
shells generally differs from that of the entire 
solution (Sasirekha et all, 2008), (Dorohoi, 2008). 

The statistical cell model of the three component 
solutions (Dulcescu et all, 2010) (Avadanei et all, 
2011) establishes a correlation between the molar 
composition of the active solvent, 1x  and its 

average statistic weight 1p in the solvation shell of 
the spectrally active molecule. The interacting 
energies in molecular pairs of the types: 1v (a 
molecule of the active solvent) and u  (a spectrally 
active molecule), respectively 2v  (a molecule of the 
inactive solvent from universal interaction point of 
view) (Dulcescu, 2010), (Closca, 2014) are 1w  and

2w , respectively. Relation (1) was established in the 
limits of the statistical cell model (Mazurenko, 
1972), (Pop et all, 1986) of ternary solutions.  
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In relation (1) 1x is the molar fraction of the active 

solvent in the binary solvent, 1p is the average 
statistic weight in the first solvation shell of the 
spectrally active molecule, k is a universal constant 
and T is the absolute temperature. The cut at origin of 
the line (1), statistically estimated, permits us to 
compute the difference 12 ww   of the potential 

energies in the pairs uv 1 and  uv 2  respectively. 
The interaction energies are negative parameters; 

they are attractive interactions, and if the diffe-
rence 12 ww  is a positive number, it results that

12 ww  . Contrarily, if this difference has negative 

values, the pairs energies are in a correlation of the 
type 12 ww  . 
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Information about the relative strength of the 
interactions in molecular pairs can be obtained 
from the electronic absorption spectra of ternary 
solutions made in a binary solvent (with one active 
and one inactive component) and the spectrally 
active molecule. 

Triazolium ylids under the study (Surpateanu et 
all, 2003), (Legrand et all, 2005) are zwitterionic 
compounds with a triazolium derivative (4’-aryl-1, 
2,4-triazol-1-ium) as cation and a monosubstituted 
carbanion (p-chloro-phenacyl). Triazolium ylids 
belong to cycloimmonium ylids occupying an 
important position among other 1,3 dipolar reactive 
intermediates as evidence by their selective reactivity 
towards dipolarophiles offering the most accessible 
route for the new heterocycles synthesis (Surpateanu 
et all, 2003). 

More half of known drugs contain at least one 
heterocyclic compound (Borowiecki et all, 2013). 
Aromatic heterocycles play an important role in 
pharmaceutical industry, Many 1,2,4-triazolium 
derivatives exhibit antimicrobial, antifungal, anti-
tumoral analgesic anti-inflammatory psychoactive, 
anticonvulsant, diuretic or anti-HIV activity 
(Borowiecki et all, 2013). 

Having in view the possible applications of 
triazolium ylids in chemistry of the drugs, it is 
necessary to know the nature of the intermolecular 
interactions in homogeneous solutions of these 
zwitterionic compounds. Supplementary, spectral 
study of ternary solutions permits the estimation of 
the difference 12 ww  between molecular pairs 
interacting in ternary solutions.   

2. EXPERIMENTAL 

The structural formula of the studied triazolium 
ylids is given in Scheme 1.  

 

 
 

Scheme 1. Chemical structure of the studied  
1,2,4-triazoli-1-um ylids. 

 
The studied triazolium ylid was prepared as it 

was described in (Surpateanu et all, 2003), (Legard 
et all, 2005). 

The spectrally grade solvents were achieved 
from Merck Company. 

The binary solvents were made in volumetric 
ratios from spectroscopic grade liquids, one protic 
and one a-protic solvent. Then the molecular 
weight 1x of the active solvent in binary solvent 
was computed as function of the volumetric 
concentration, using relation (Pop, et all 1986): 
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In (2)   and M are density and molar mass of 
the irrespective solvent. 

 
Table 1 

Substitutes of the analyzed structures 

Nr. Ylid R1 R2 Name 
1 PTCPY –H –Cl 4’-Phenyl-1,2,4-Triazol-1-

ium- (p)-Chloro-Phenacylid 

2 TTCPY –CH3 –Cl 4’-Tolyl-1,2,4-Triazol-1-ium -
(p)-Chloro -phenacylid 
 

The electronic absorption spectra of ternary 
solutions were recorded with Specord UV VIS 
spectrophotometer Carl Zeiss Jena with data 
acquisition system. 

3. RESULTS AND DISCUSSIONS 

The wavenumbers in the maximum of the ICT 
band of the studied triazolium ylids recorded in 
ternary solution Triazolium ylid + 1,3 Propane diol  
(PD) + Dimethyl formamide (DMF) are listed in 
Table 2. The volumetric C1 and molar x1 con-
centrations of the active solvent in binary solvent 
are also written in Table 2. 

 
Table 2 

  The wavenumbers in the maximum of the ICT band of 
the studied triazolium ylids recorded in ternary solution 

Triazolium ylid + 1,3 Propane diol  (PD) +  
Dimethyl formamide (DMF) with volumetric ratios C1% and molar ratios x1 

Nr. C1% x1 1

1

ln
1

x

x-
( )1cm -

 
p1 

PTCPY TTCPY PTCPY TTCPY

1 0 0,00 – 26000 27410 – – 
2 5 0,05 –2,944 26070 27490 0.14 0.15 
3 10 0,10 –2,197 26120 27540 0.24 0.25 
4 25 0,25 –1,099 26230 27660 0.46 0.48 
5 50 0,50 0,000 26370 27780 0.74 0.71 
6 75 0,75 1,099 26450 27870 0.90 0.89 
7 100 1,00 – 26500 27930 1.00 1.00 

( )1cm -

 
500 520   
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 The average statistic weights in the first solvation 
shell of triazolium ylid were computed by using 
the data from Table 2 and compared with the molar 
fractions of PD in the binary solvent. 

The average statistic weights of the two 
solvents in the first solvation shell of ylid were 
computed by using the spectral data from Table 2 
and the following formulae: 
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The dependence of the 1p values on the molar 

fraction 1x of the active solvent (PD) is shown in 
Fig.1. From the graph (in Fig. 1), it results a 
prevalence of the active solvent 1,3 propane diol 
molecules in the first solvation shell of triazolium 
ylids under the study.  

 

 
 

Fig. 1. Average statistic weight in the first solvation shell  
of the studied ylids vs. the 1,3-Propane diol molar fraction in 

the binary solvent. 
 

The excess function of PD in the first solvation 
shell of the ylid is positive for all concentrations of 
PD in DMF, showing that the active solvent  is 
prevalent in comparison with the rest of the 
solution. This parameter depends on the PD molar 
fraction as it shown Fig. 2.  

 
Fig. 2. PD excess functions vs. molar fractions of PD in 

ternary solutions of the studied ylids.  

The dependence:  

 

1 1

1 1

ln ln
1 1
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m n
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   (1’) 

is illustrated in Fig. 3. 
 

Table 3 

 1,3-Propane-diol excess function δ1, and preferential 
solvation k12 in ternary solutions Triazolium ylid +  

1,3 Propandiol(1) + Dimetilformamidă(2) 

Nr.  δ1 k12  

PTCPY TTCPY PTCPY TTCPY 

1. 0 0,000 0,000 - - 

2. 5 0,090 0,104 3,093 3,455 

3. 10 0,140 0,150 2,842 3,000 

4. 25 0,210 0,231 2,556 2,778 

5. 50 0,240 0,212 2,846 2,467 

6. 75 0,150 0,135 3,000 2,556 

7. 100 0,000 0,000 - - 
 

 
a) 

 
b) 
 

Fig. 4.  1

1

ln
1

p

p-
 vs. 1

1

ln
1

x

x-
for ternary solution of  

Aryl-1,2,4-triazol-1-ium-(p)-chloro-phenacylids in PD+DMF. 
 
The linear dependence (1’) between the 

logarithmic functions in Figs.4 demonstrates that 
the statistical cell model of the ternary solutions 
can be applied to the studied solutions. In Figs. 4 
the cut at origin is proportional with the difference 

12   between the interaction energies in pairs 

%1C
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made from a ylid and one active solvent, 
respectively and one inactive molecule. 

The regression parameters of the lines from 
Figs. 4 are listed in Table 4. The regression 
coefficients and the line characteristics for the 
studied ternary solutions are given in Table 4.  

From the data in Table 4 it results that the 
difference between the molecular pair energies is 
near 10–21J. The slopes of the lines (1) are m 
different from the unity, due the fact that both 

solvents can participate to specific interactions 
with the spectrally active molecules. For a solution 
containing a mol of ylid in the considered binary 
solvent, the difference between the energies in all 
molecular pairs formed by solvent and solute 
molecule is near hundred joules [Avadanei, 2011]. 
This difference does not contain the contributions 
of the universal interactions between the solvents 
and the spectrally active molecules, or between the 
solvent molecules. 

 
Table 4  

Regression coefficients for equation (1’) for ternary solutions 1,3 Propane diol (1) +  
Dimethyl formamide (2)  + 1,2,4-triazolium ylids 

Ylid m Δm n Δn R SD ( )20
2 1 10 Jw w -- ⋅  

PTCPY 0,564 0,042 -0,238 0,081 0,98 0,094 -0,096±0,033 

TTCPY 0,525 0,048 -0,264 0,091 0,98 0,106 -0,107±0,037 
 

4. CONCLUSIONS 

The statistic model of ternary solutions allows 
estimating the difference of the potential energies 
in the molecular pairs of the type spectrally active 
molecule – active solvent or inactive solvent 
molecules, respectively. The solutions contain high 
energy of attractive type, due to solute-solvent 
interactions.  
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