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Articles and Statements 
 
Theoretical Study of the Regioselectivity of the Reaction Between 
Diethyl(Trichloromethy1)Phosphonateand Triethylphosphite Using the DFT Method 
 
A. Barhoumi a, M.El idrissi b , *, A. Zeroual a, S. Bakkas a, A. El Hajbi a, A. Tounsi b 
 

a Chouaïb Doukkali University, El Jadida, Morocco 
b Moulay Slimane University, Beni Mellal, Morocco 

 
Abstract 
In this study we used the DFT/B3LYP/6-311G(d,p) quantum mechanical method to propose a 

theoretical explanation of the regioselectivity observed experimentally in the reaction between 
diethyl(trichloromethy1)phosphonate and triethylphosphite using a variety of approaches, notably 
frontier molecular orbital theory and calculation of activity energies and reactivity indices. Our 
results show that triethylphosphite functions as a nucleophile while diethyl(trichloromethy1) 
phosphonate behaves as an electrophile. The nucleophilic attack takes place preferentially at the 
chlorine atom of diethyl (trichloromethy1)phosphonate rather than at the carbon, and the reaction 
is polar and regioselective.  

Keywords: triethylphosphite, diethyl(trichloromethy1)phosphonate, DFT/B3LYP/6-
311G(d,p), reactivity indices, activation energy. 

 
1. Introduction 
Organophosphorus compounds are increasingly used in modern organic chemistry because 

of their potential in such varied domains as biology (Akbaş et al., 2013; Mudryk et al., 2015), 
medicine(Cupistiet al., 2013;Dabrzalska et al., 2015), agriculture (as plant growth regulators) and 
biochemistry (Engel et al., 2003). They are also of great interest as precursors in organic synthesis 
(Kann et al., 2003; Bricklebank et al., 2003). This versatility arises from the variable valency of 
phosphorus (Ellis et al., 2006; Gilheany et al., 1992). 

Bibliographic research shows that the reaction of the trivalent phosphorus derivatives 
 with certain polyhalogenoalkanes  leads to the formation of 

a number of products (Waschbüsch et al., 1996;Nai et al., 1997)some of which have numerous 
applications in industry and biology (Halazy et al.,1996).The reactivity of trivalent phosphorus with 
regard to polyhalogenomethanes has already been the subject of several studies (Barhoumi et al., 
2018; Bakkas et al., 2000). This reactivity varies according to the nature of the substituents carried 
by the phosphorus atom and increases as its electropositivity increases. 

Our aim in this work was to carry out a theoretical study, using DFT/B3LYP/6-311G(d, p), 
of the reactivity of  with triethylphosphite in order to determine whether the 
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phosphorus attacks the carbon or the chlorine of the diethyl(trichloromethy1)phosphonate 
(Figure 1). 
 

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1. Reaction between diethyl(trichloromethy1)phosphonate  and triethylphosphite 
 

 
2. Method of calculation 
The mechanism and the equilibrium geometries of the reaction between 

diethyl(trichloromethy1)phosphonate and triethylphosphite, as well as the transition states 
corresponding to the two approaches at  and , were studied using density functional theory 
DFT(Parr et al., 1989;Deng et al., 1995)with base B3LYP/6-311G (d, p) (Becke et al., 1993;Lee et al., 
1988). Transition states were localized and their existence confirmed by the presence of a single 
imaginary frequency in the Hessian matrix. The Intrinsic Reaction Coordinate (IRC) was calculated 
(Fukui et al., 1981a;Fukui et al., 1981b) and plotted in order to show that the transition state is 
indeed linked to the two minima (reactants and products). Values of enthalpy, entropy and free 
energy were calculated using standard statistical thermodynamics (Hehre et al., 1986). 
The reactivity indices were calculated from the HOMO and LUMO energies in the base state of the 
molecules using DFT/B3LYP/6-311G (d,p). All calculations were carried out with Gaussian 
09 software (Frischet al., 2009). 

 
3. Results and discussion 
3.1. Structural optimisation of the reactants  
Table 1 shows atomic distances and bond energies of the reactant atoms of 

diethyl(trichloromethy1)phosphonate in its most stable form, showing that all the chlorine atoms 
don’t have the same reactivity with regard to the most nucleophilic site of triethylphosphite. These 
parameters were optimised using Gaussian 09 software. Energy analysis shows that the 
fundamental state of triethylphosphitestabilises at  and that of 
diethyl(trichloromethy1)phosphonate at , in other words that triethylphosphite is 
more reactive. 
 
Table 1. Bond energy and interatomic distance of the reactant atoms in diethyl 
(trichloromethy1)phosphonate 
 

   

 1.795 474.899 

 1.803 471.937 

 1.793 476.467 
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Fig. 2. The most stable structure of the two reactants  
 

 
3.2. Study of the frontier orbitals  
We calculated the  energy gap for the two possible combinations of the two 

reactants 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 
Fig.3. Energy gap  between the  of thetriethylphosphite and the  of 
thediethyl(trichloromethy1)phosphonate . 

 
Frontier molecular orbital theory  makes it possible to analyse the reactivity of 

molecules in terms of the interactions between the molecular orbitals of the reactants by taking 
account of only the most important interactions (Rauk et al., 1994). The orbitals considered in 
studying the interaction between two reactants are the  (highest occupied molecular orbital) 
of the one and the  (lowest unoccupied molecular orbital) of the other, chosen in such a way 
that the  energy gap is as small as possible (Mebi et al., 2011). As a general rule, the 
smaller the difference between the orbitals of the two reactants, the stronger the interaction 
between these orbitals, and the greater the stabilising effect. As Figure 4 shows, the orbital 
diagramme gives a good idea of the reactivity of the system. We can see that the main interaction 
takes place between the  of diethyl(trichloromethy1)phosphonate and the  of 
triethylphosphite. 
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Localisationof the molecular orbitals of triethylphosphite and 
diethyl(trichloromethy1)phosphonate shows that the  is very concentrated around the 
phosphorus atom, while the  is concentrated around the chlorine atom (Figure 4). This indicates 
that the nucleophilic attack by the phosphorus atom takes place essentially at the chlorine atom.  

3.3. Chemical concepts and reactivity indices derived using DFT 
In order to determine which reactant behaves as a nucleophile (electron donor) and which as 

an electrophile (electron acceptor), we calculated the  energy gaps between them 
(Table 2). 
 
Table 2. Difference between the two possible  combinations for 
diethyl(trichloromethy1)phosphonate   and triethylphosphite . 

 

Reactants     

 0.689 -6.940 

5.509 9.026 

 -1.431 -8.337 

 

Our results show that the  gap is smaller than the  

 gap, showing that triethylphosphite behaves as a nucleophile while 

diethyl(trichloromethy1)phosphonate behaves as an electrophile. 
The global indices defined using conceptual DFT/B3LYP(Geerlings et al., 2003) are valuable 

tools for studying the reactivity of polar interactions. The static global properties electronic 
chemical potential , chemical hardness , global electrophilicity index  and global nucleophilicity 
index  are chemical properties which enable us to analyse reactivity. 

We calculated the electronic chemical potential  and global hardness  from the energies of 

the  and  frontier molecular orbitals, as  and  

respectively (Parr et al., 1989). The global electrophilicity index  (Parr et al., 1983) is 
defined as the energy stabilisation due to charge transfer. It has been shown that the nucleophile 
character of a molecule can be calculated without taking account of its electron density. The 
nucleophilicity index N is expressed in terms of the  energy of tetracyanoethylene  
as . These values, together with maximum charge 

transfer  (Domingoet al., 1994) and the global electrophilicity gap  are shown in Table 3. 
 

Table 3. and  energy, electronic chemical potential , hardness , electrophilicity , 
global nucleophilicity , maximum charge transfer  and global electrophilicity gap  
between  and  
 

Reactants         

 0.689 -6.940 -3.125 7.629 0.640 2.428 …. 0.409 

 -1.431 -8.337 -4.884 6.906 1.727 1.031 1.087 0.707 

 

 
 
Our results show that diethyl(trichloromethy1)phosphonate  behaves as an 

electrophile while triethylphosphite  behaves as a nucleophile. 
Diethyl(trichloromethy1)phosphonate has the highest electrophilicity index (  and the 
lowest nucleophilicity index . Additionally, the electronicchemical potential 
of  is situated at a higher energy level than that of 

,  , in other words a stream of electrons circulating 
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from  to  stabilises the system. These results confirm that triethylphosphite 
behaves as a nucleophile and diethyl(trichloromethy1)phosphonateas an electrophile in this 
reaction. 

The maximum charge transfer of  is greater than that of triethyl 
phosphite  and the electrophilicity gap  between 
diethyl(trichloromethy1)phosphonate and triethylphosphite is high, showing that the reaction is 
polar. 

3.4. Kinetic and thermodynamic study of the nucleophilic modes of attack 
of  on  

 

3.4.1. Thermodynamic study 
 
We studied the feasibility and the regioselectivity of the reaction between 

diethyl(trichloromethy1)phosphonate  and triethylphosphite  from a 
thermodynamic point of view. In order to compare the reactivity of the two modes of attack 

, we calculated the differences in reaction energy , reaction enthalpy  and free 
enthalpy  corresponding to the formation of compounds  and  (Table 4). 

 
Table 4. Calculated values  of the differences in reaction energy , reaction enthalpy 

  and free enthalpy . 
 

Reactants Product    

 

 -24.606 -25.400 -21.283 

 -44.501 -45.637 -42.630 

 
As Table 4 shows, variations in free enthalpy  are negative whatever the mode of attack. 

It follows that these reactions are possible and are thermodynamically favoured. We also found 
that the variation in free enthalpy  corresponding to the formation of compound  is greater in 
absolute terms than that corresponding to the formation of compound . The formation of 
compound  resulting from an attack on the carbon atom  is thermodynamically less favoured 
than the formation of compound . Free enthalpy of formation of the latter is greater in absolute 
terms than that of compound . The value of ΔEr corresponding to the formation of compound  
is greater in absolute terms than that corresponding to the formation of compound . This shows 
that the most favourable site for an attack is the halogen  rather than the carbon . 

 
3.4.2. Structure and energy of the transition states 
In order to determine the more favoured mode of attack , and thus the most 

favoured product of the reaction between triethylphosphite and 
diethyl(trichloromethy1)phosphonate, we localised the transition states and calculated the activation 
barriers for the two possible reaction pathways. The transition states and , corresponding to 
the two modes of attack, were localised. These two transition states were confirmed by the presence 
of one and only one negative eigenvalue in the force constant matrix: in other words there is a single 
imaginary frequency in the Hessian matrix, corresponding to the vibration mode of the formation of 
the bonds  and  respectively and the splitting of bonds  and  
respectively. The two transition states  and  are shown in Figure 5. 
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Fig. 5. Energy profile in  of the reaction between diethyl (trichloromethy1) phosphonate and 
triethylphosphite 

 
The potential energy surface  corresponding to the two modes of attack shows that the 

energy of the transition state corresponding to the attack on the chlorine atom  
is  below the energy of the transition state corresponding to the attack on the 
carbon atom . The activation energy is  for  and for . In 
other words, the attack on the chlorine atom is kinetically preferred to the attack on the carbon 
atom. 

We can conclude from this theoretical investigation that, while both modes of attack by 
triethylphosphite on trichloromethylphosphine oxide  are thermodynamically possible, 
the products formed by the attack on the chlorine atom are kinetically and thermodynamically 
preferred. 

The structure of the transition state associated with reaction pathway  is more stable than 
that associated with . The two structures optimised using DFT/B3LYP/6-311G(d,p) are shown in 
Figure 6. Phosphite tends to react more with chlorine than with carbon because of the difference in 
length between bonds  and   in the transition state  
 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
 

Fig. 6. Bond lengths of the transition states in the reaction between triethylphosphite and 
diethyl(trichloromethy1)phosphonate 

 

2.421 Å 

2.319 Å 

2.257 Å 

2.443Å 
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3.5. Determination of the intrinsic reaction coordinates  
On the basis of the optimised geometry of the transition state we calculated the  (Intrinsic 

Reaction Coordinate) (Lee et al., 1988; Fukui et al., 1981) in order to confirm that the transition 
state indeed links the reactants and the products. Figure 7 presents the reaction pathway 
corresponding to the two modes of attack and shows that the transition state is indeed linked to the 
two minima (reactants and products). 

 

 
 

 

Fig. 7.  of the reaction between triethylphosphite 
and diethyl(trichloromethy1)phosphonate  

 
Natural population analysis of the reaction shows that the charge transfer from the 

nucleophile to the electrophile is 0.554(e) for transition state  and 0.648(e) for transition state 
. This indicates that  is more stable and favorable, and that the reaction is polar in 

character. These results confirm the findings obtained from the  energy gaps and the 
global indices  
 

4. Conclusion 
Theoretical study of the reaction between diethyl(trichloromethy1)phosphonate 

 and triethylphosphite  using DFT/B3LYP/6-311G (d, p) shows that whatever 
the mode of attack of the phosphorus atom  on diethyl(trichloromethy1)phosphonate, 
the corresponding variations in free enthalpy  are negative, indicating that these attacks are 
thermodynamically possible. Calculation of the global indices shows that triethyl phosphite 
behaves as a nucleophile and diethyl(trichloromethy1)phosphonate as an electrophile. The reaction 
is characterised by a relatively high charge transfer, implying a polar mechanism. The variation in 
reaction enthalpy  is highly exothermic for the reaction leading to formation of compound . 
Consequently this reaction is favoured, since the products formed are stable and their formation 
releases energy. Localisation of the  of triethylphosphite and the  of 
diethyl(trichloromethy1)phosphonate shows that the phosphorus atom is the nucleophile centre of 
the former while the chlorine atom is the electrophile centre of the latter. The thermodynamic and 
kinetic study shows that the stable products of the reaction between 
diethyl(trichloromethy1)phosphonate and triethylphosphite are those resulting from the attack on 
the chlorine atom. 
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Quantum Mechanical Descriptors of Indazole-Containing Derivatives 
Using the DFT Method 
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Abstract 
Indazole-containing derivatives represent one of the most important heterocycles in drug 

molecules. Diversely substituted indazole derivatives bear a variety of functional groups and 
display versatile biological activities; hence, they have gained considerable attention in the field of 
medicinal chemistry. In this paper, 1H-Indazole and 2H- indazole are optimized by B3LYP/6-311G 
(d,p) level of theory and ionization potential (IP), electron affinity (EA), and other MDs are 
determined. Further, non-linear optical (NLO) descriptors such as dipole moment (DM) and 
polarizability (α) are also determined. 

Keywords: Indazole, DFT, NLO, electron affinity, ionization potential, dipole moment, 
polarizability and thermodynamic properties. 

 
1. Introduction 
The nitrogen-containing heterocycles are important building blocks for many bioactive 

natural products and commercially available drugs. As pharmacologically important scaffolds, they 
have attracted considerable attention from chemists (Gao, et al., 2016). Indazoles are one of the 
most important classes of nitrogen-containing heterocyclic compounds bearing a bicyclic ring 
structure made up of a pyrazole ring and a benzene ring. Indazole usually contains two tautomeric 
forms: 1H-indazole and 2H- indazole (Figure 1). Since 1H-indazole is more thermodynamically 
stable than 2H-indazole, it is the predominant tautomer (Teixeira, et al., 2006). 

 

                                  

N

H

H

                              N

NH

 
                    1H-Indazole                        2H- indazole                            
 
Fig. 1. Indazole nucleus 
 

Indazole derivatives scarcely occur in nature but this particular nucleus in a variety of 
synthetic compounds possesses a wide range of pharmacological activities, such as anti-
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inflammatory, antiarrhythmic, antitumor, antifungal, antibacterial, and anti-HIV activities 
(Vidyacharan et al., 2016; Shinde et al., 2016; Behrouz et al.,2017; Jayanthi et al.,2017; Popowycz et 
al., 2018; Bogonda et al., 2018). 

Diversely substituted indazole-containing compounds furnished with different functional 
groups represent significant pharmacological activities and serve as structural motifs in drug 
molecules. For example, Bendazac and Benzydamine are two commercially available anti- 
inflammatory drugs that contain the 1H-indazole scaffold (Figure 2) (AI-Bogami et al., 2016). 

There are some excellent reviews that have been published on the biological properties of this 
class of compounds (Chapolikar et al., 2015; Wang et al., 2018; Tang et al., 2018). This review 
serves as a comprehensive overview of recent literature that references the synthesis and biological 
activities of novel indazole-containing derivatives. 

 
 
    

N

N

O
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Fig. 2. Chemical structure of indazole-containing drugs 
 

2. Computational methods 
Gaussian 09 revision-B. 01-SMP (Wang et al., 2018) and Gauss View 5.0.9 (Chapolikar et al., 

2015; Tang et al., 2018) are used as Earlier (Bandyopadhyay et al., 2017) for all computations. 
Structures were drawn in GAUSS VIEW 5.0.9 [11] of GAUSSIAN (Wang et al., 2018) software 
package. Initial structures were cleaned repeatedly to obtain normalized geometry. Each of the P1 
and P2 was then subjected for successive optimization using semi-empirical (PM3), Hartree–Fock, 
and DFT methods in conjunction with appropriate basis sets. Final optimization of these molecules 
is achieved using DFT/B3LYP/6-311G (d, p) method. For computation of linear and NLO 
properties, the additional key of “optical” was included in the study. Following equations are used 
for the extraction of parameters and properties of  these products. HOMO and LUMO energies are 
directly extracted from the LOG file of the corresponding optimized structure. The following formula 
is then used to obtain other dependent QM parameters. IP is the amount of energy required to take 
away one electron from a neutral molecule (M) and EA, oppositely, is the amount of energy released 
when an electron is added to a Molecule. 

M  +  I                                     M+  +  e 
Thus,      I =  E (M+)  –  E (M) 

M  +  e                                      M- + A 
Thus,      A =  E (M)  -  E (M-) 
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μ is the ability of a molecule to participate in the chemical reaction. It can either be positive 
or negative. It is one of the very important parameters for the determination of the reactivity 
nature of a molecule. It is referred to as negative of electronegativity (χ) which is estimated as: 

µ = -
V

E

N





 
 
 

 = -
V

E



 
 
 

= -
2

I A 
 
 

;  
2

I A


 
  
 

 

η is a very important parameter that allows understanding of the chemical reactivity of a 
molecule. It is the slope of the curve of μ, in electronic energy (E) versus electron number plot. 
In other words, η is the curvature of the μ curve. The value is always positive. However, lower the 
value, the higher the reactivity of the molecule. η and its reciprocal (i.e., σ) are computed as: 

1

2 V

c

N






 
  

 
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



 
 
 

 = 
2

I A 
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 

 ; 
1




  

Global electrophilicity index (ω) has been worked out [8] using the μ and η parameters. 
2

2





  

While dipole moment (DM) is the measure of α of a molecule in its ground state, α is the 
intrinsic capacity of a molecule of having a dipole when it is assaulted with an external electric 
field. If a molecule is present in a weak, static electric field (of strength, F), then the total energy (E) 
of the molecule can be express as a Taylors series. 

0

1 1 1
...

2! 3! 4!
FE E F F F F F F F F F F                       

E0 denotes the energy of the molecule in the absence of an external electrical field. Energy 

(E0), dipole moment (μα), polarizability (ααβ), and first- and second-order hyperpolarizability 

(βαβγ and γαβγδ, respectively) denote the molecular properties. First polarizability and second 

hyperpolarizabilities are expressed as tensor quantities, whereas subscripts single, double, etc., 
denote the first-rank and second-rank tensor, etc., in Cartesian coordinate. 

If the external field lies on any one of the three orthogonal Cartesian axes, then the 
components of the induced moments will be parallel to the field. In that case, off-diagonal terms of 
the tensor, ααβ vanish. Under this conditions, the expected value of α and DM obtained as: 

 DM =  2 2 2

X Y Z     

Or  
 

 
3

XX YY ZZ

STATIC

  


 
    

 
 

In case of the anisotropic orientation of the external field, the anisotropy of the polarizability 
(<Δα>) can be computed as: 

       
1

2 2 2 2 2 2 26

2

XX YY YY ZZ YY ZZ XY XY YZ        


        
   
 
 

  

 
Similarly, the first-order (βαβγ) and second-order (γαβγδ) hyperpolarizability is calculated 

from components of respective tensors that are obtained from the GAUSSIAN output file. 
1

2 2 2 2
STATIC X Y Z           
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2 2 2

5

XXXX YYYY ZZZZ YYXX YYZZ ZZXX
STATIC

     

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All these optical terms have been calculated using appropriate basis set that contains 
polarized and diffused functions for high accuracy, in that DFT/B3LYP/6-311G(d,p) was preferred. 

 
3. Results and discussion 
3.1. Bond length and angle properties 
Quantum mechanically optimized structures are shown in Figure 2. The seared used to 

determine selective bond lengths (in Å) and angles (in degree), the result of which are presented in 
Tables 1 and 2, respectively, along with available experimental results for comparison purposes. 
Common atoms in the structures of these products are identified using an arbitrary numbering 
scheme (Figure 1). Bendazac (P1) and Benzydamine (P2). Following points are noteworthy from 
these tables. 

First, common bond lengths are almost identical (Table 1) for these impurities (P1 and P2), 
that show variations (underlined: Table 1) when compared with that of itself (Table 1). Notable, due 
to lack of P1 and P2, last four bond lengths are not available for comparison purpose. Second, 
similar to bond lengths, relevant angles are also compared in Table 2. It is seen that product shows 
slight variations in few of its representative angles when compared with that of the impurities. 
However, these impurities show remarkable similarities in angles when compared among 
themselves. 

 
Table 1. Bond lengths (in Å) of Bendazac and Benzydamine. (The experimental values of the 
former are extracted from the crystal structure (Johnston et al., 1998)). 

 
 

Bond length 
in Å 

Bendazac Exp(Crystal) Benzydamine Exp(Crystal) 

C-C 1.380 1.369 1.445 1.435 
C-N 1.457 1.413 1.470 1.458 
C-O 1.430 1.398 1.430 1.412 
C=C 1.445 1.457 1.404 1.466 
N-N 1.407 1.395 1.407 1.423 
O-H 1.430 1.496 1.431 1.511 

 
Table 2. Angles (in Å) of Bendazac and Benzydamine . (The experimental values of the former are 
extracted from the crystal structure (Johnston et al., 1998)). 
 

 
Angles in Å 

Bendazac Exp(Crystal) Benzydamine Exp(Crystal) 

C-C-C 109.469 109.587 109.471 109.589 
C-O-H 109.502 109.688 109.607 109.654 
C-N-N 159.017 160.021 109.572 109.687 
C-N-C 109.487 109.657 109.471 109.566 
O=C-O 109.471 109.568 109.459 109.756 
C=C-C 118.452 119.112 121.138 120.987 
H-C-H 109.471 109.789 109.471 110.012 
C=C-H 120.270 121.021 119.111 120.231 

 
3.2. Optimized structure, electronic parameters and properties 
The highest occupied molecular orbital (HOMO) and lowest unoccupied molecular orbital 

(LUMO) for Bendazac (P1) and Benzydamine (P2) are presented in Figure 1, along with their 
optimized structures. While HOMO delocalizes over bonds of P1, and P2, it is less prominent for P1 
and P2. Notably, the delocalization is uniform in P1. By the use of DFT/B3LYP/6- 311G (d, p) level 
of theory, the extracted energies for HOMO, LUMO, and ΔE for P1 and P2 are presented in Table 3. 
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Table 3. HOMO, LUMO, and band gap energies for P1 and P2 (HOMO and LUMO are directly 
extracted from the LOG file of the Gaussian optimized structure. The band gap is computed by 
ELUMO – EHOMO) 
 

Molecule HOMO (eV) LUMO (eV) Band gap (eV) 

Bendazac -6.004 -3.305 2.698 

Benzydamine -3.431 -0.581 2.849 

 
We have computed adiabatic IP and adiabatic EA for P1 and P2 and presented in Table 

4.Value deviates from the mean value are highlighted by underline. IP: Ionization potential, EA: 
Electron affinity, μ: Chemical potential, χ : Electronegativity, η : Chemical hardness, σ : Chemical 
softness (1/η), ω : Electrophilicity index. 

*Mean of IP and EA is 7.5 eV and 0.4 eV, respectively (Schipper et al., 2000). 
 
Table 4. Computation of electron affinity, ionization energy, chemical potential, electronegativity, 
chemical hardness, chemical softness, and electrophilicity index for P1 and P2 products 

 
All Molecule units are in (eV) 

Molecule IP EA Μ Χ η σ ω 

P1 6.004 3.305 -4.654 4.654 2.699 0.370 4.012 

P2 3.431 0.581 -2.006 2.006 2.849 0.351 0.706 

 
The highest occupied molecular orbital (HOMO) and lowest unoccupied molecular orbital 

(LUMO) for P1 and P2 are presented in Figure 3, along with their optimized structures, While 
HOMO delocalizes over bonds of P1 and P2, it is less prominent of P1 and P2. Notably, the 
delocalization is uniform in P1. In turn, the LUMO is mostly located for P1 and P2. By the use of 
DFT/B3LYP/6- 311G (d,p) level of theory. 

 
Molecules HOMO Energy  LUMO Energy  

 
P1 
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P2  

 

 
Fig. 3. Energy optimized structures (left column) along with highest occupied molecular orbitals 
(middle panel) and lowest unoccupied molecular orbitals (right panel) or frontier molecular 
orbitals of P1 and P2 

 
The Table 4 shows that IP of P1 is higher than IP of P2. Here, P1 is seen to be anomalously 

high and P2 almost similaras the mean value of normal drugs (Bogonda et al., 2018). High IP 
implies low tendency for the formation of the cation. On the other hand, higher the EA, greater is 
the tendency for the formation of an anion. Although, the mean value of EA for normal drugsis 
~0.6 eV, the posses shigh P2 and low (for P1) values of EA,  μ, χ, η, σ, and electrophilicity index (ω) 
properties are also presented in Table 4. All these properties are dependable on IP and EA. It is 
seen that ω value follows the similar order as EA, P1>P2. 

3.3. Non-linear optical (NLO) of P1 and P2 
Intermolecular interactions such as drug-protein/DNA/RNA arelargely understood by DM, 

α, and first-order and second-order hyperpolarizability energy terms (Hurst et al., 1998), which are 
reliably computed by RB3LYP/6-311G (d,p) level of the theory (Bandyopadhyay et al., 2017). How 
are these parameters affected for P1 and P2. To check this above basis set is used and dipole 
moments (DM), α, and first- and second-rank hyperpolarizability are determined. Isotropic DM is 
presented in Table 5. 
 
Table 5. Cartesian components and net electric dipole moments (DM in Debye) for P1 and P2 

 
Names DMx DMy DMz DMTotal 

P1 0.965 -3.257 -2.437 4.181 
P2 2.439 -1.665 -1.412 3.274 

 
It is seen that the X and Y components are zero in all the cases with the Z component 

constituting the total DM. Higher and lower DMTOTAL than the reported mean value are 

highlighted by the Table 6. Here, P1 and P2 show higher and lower DMTOTAL, respectively. 

Molecular complexity is the criterion that can be related with Δα (Chen et al., 2017; Aihara et 
al., 1999; Obot et al., 2009; Ghanadzadeh et al., 2000; Zhan et al., 2003; Xue et al., 2004; Xue et 
al., 1999; Lim et al., 1999; Hansch et al., 2003; Boger et al., 2003; Lee et al., 2001). More the 
complexity of structure more is the anisotropy of polarizability (Δα). 

*Higher and lower values are underlined with respect to the mean of α, which is 34×10−24 esu 
(Schipper, et al., 2000). 
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Table 6. Components and mean isotropic (α) and anisotropic (Δα) polarizability 

(in 10−24 esu unit) for P1 and P2 
 

Name αxx αyx αyy αzx αzy αzz α Δα 

P1 18.734 -4.053 21.054 -7.503 -3.174 27.253 12.343 17.506 

P2 22.175 2.214 18.467 -5.719 3.468 21.287 20.646 12.628 

 
α, its components, and anisotropic terms are shown in Table 6. The α of P1 is seen to be much 

lower than α in P2 case. In these aspects, P2 is seen to be less affected (Table 6). Similar is the case 
for the anisotropy of polarizability (Δα) and diagonal components of polarizability (αXX, αYY, and 
αZZ), where P1 have much lower value than P2. Is there any relation of α with chemical reactivity.  

If molecular hardness and softness are compared with the α profile (Table 4), we see that it is 
inversely and directly relation with the α (Table 6), respectively. Which of the three P1 is most 
polarizable and which one is most active chemically. 

It is seen that P1 is mor polarizable than P2. It is also seen that it possesses lowest hardness 
and highest softness. Interestingly, the anisotropy of α of P2 is also higher than P1. 

3.4. Molecular electrostatic potential and reactivity for title compounds 
The electron density is considered a very important factor for understanding the reactivity of 

electrophilic and nucleophilic sites and the interactions of hydrogen bonding (Gresh et al., 2007; 
Scrocco et al., 1979; Luque et al., 2000), as well as this density, is related to the molecular 
electrostatic potential (MEP). Therefore for predicting this reactivity of nucleophilic and 
electrophilic sites attacks for studied compounds, we simulated the MEP of these compounds using 
the B3LYP level of the optimized geometry. The different colors (red, blue and green) at the MEP 
surface represent different values of the electrostatic potential as the regions of most negative, 
most positive and zero electrostatic potential respectively. The negative electrostatic potential at 
the MEP (shades of red) indicates that this region is attractive of the proton by the aggregate 
electron density in the molecule, while the positive electrostatic potential (shade of blue) is the 
region that presents of the repulsion of the proton by the atomic nuclei. The negative regions at 
MEP (red) correspond to electrophilic reactivity (regions of most electronegative electrostatic 
potential) and the positive region(blue) correspond to nucleophilic reactivity (regions of the most 
positive electrostatic potential) and green represent regions of zero potential. 

 
Bendazac (P1) Benzydamine (P2) 

  

 
Fig. 4. Calculated electrostatic potential surfaces on the molecular surfaces of studied compounds 
P1 and P2. (Color ranges, in kcal/mol: from red _4.075 10-4 to blue +4.075 10-4  B3LYP functional 
and 6-311G (d,p) basis set) 
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3.3. Thermodynamic properties 
Computation of thermodynamic properties of P1 and P2 products is important for both 

thermochemistry and chemical equilibrium. Statistical thermodynamics with the two 
keyideas, Boltzmann distribution and the partition function leads to the derivation of the 

equations utilized for computing thermochemical enthalpy (ΔHo), dipole moment and the 
rotational constants of the molecular system were obtained directly from the output of 
Gaussian calculation employing B3LYP/6-311G(d.p) basis set and are listed in the Tables 7a, 
7b and 7c. 
 
Table 7a. Variation of different thermodynamic parameters with temperature (Bendazac P1) 

 
 

Temperature (K) 
Enthalpy ΔH 
(Kcal/mol) 

Entropy ΔS 
(Cal/mol.K) 

Specific heat CP 
(Cal/mol.K) 

100 -588.841 159.218 34.215 
200 -586.326 162.354 39.124 
300 -581.023 163.897 42.147 
400 -576.236 165.027 45.678 
500 -571.056 169.874 49.785 
600 -562.453 171.236 51.013 
700 -559.367 175.965 52.698 
800 -550.259 177.889 55.234 

 
Table 7b. Variation of different thermodynamic parameters with temperature 
(Benzydamine P2) 

 
 

Temperature (K) 
Enthalpy ΔH 
(Kcal/mol) 

Entropy ΔS 
(Cal/mol-K) 

Specific heat CP 
(Cal/mol.K) 

100 -598.075 126.459 36.458 
200 -596.245 130.256 39.789 
300 -594.879 135.789 43.012 
400 -591.023 131.671 46.358 
500 -585.214 128.369 50.247 
600 -581.789 123.458 53.697 
700 -575.984 120.444 55.489 
800 -570.325 117.885 59.782 

 
Table 7c. Different thermodynamic parameters at room temperature (P1 and P2) 

 

  
B3LYP/6-311G (d,p)  

  
Parameters Bendazac (P1) Benzydamine (P2) 

Total energy (Hartree) -953,105 -938,389 

Zero-point vibrational 
energy (Kcal/mol) 

167,546 231,903 

Rotational constants (GHz) 

0,465   0,564   

0,548  0,621  

 0,789  0,879  
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The correlation between temperature and these thermodynamic properties are given by 
Figure 5. The correlation equations are as follows: 

 = -599.3586 – 0.0389 T- 9.2154.10-4 T2 (R2= 0.9145) 

 = 121.337 + 0.3547 T -  5.3214.10-4 T2  (R2= 0.9575) 

 = 1.2574 + 0.2447 T- 3.2248.10-4 T2    (R2= 0.9715) 
 

 
 
Fig. 5. Correlation between different thermodynamic properties with the temperature 

 
It is observed that the parameters increase from 100 to 800 K due to the increase in the 

molecular vibrational intensities with the temperature. 
 
4. Conclusion 
Electronic structural properties for representative the P1 and P2 products are worked out by 

RB3LYP/6-311G (d, p) level of theory of Gaussian 09 software package. The ground state optimized 
structures are used for computation of electronic and NLO properties. Corresponding bond lengths 
and angles of these products show remarkable similarity among themselves but show variation. 

The observation of high EA, low band gap, low η, high χ, and high IP of P1 may indicate that 
is are strongly electrophilic in nature. 

P1 product more polarizable, hyperpolarizable and chemically more reactive compared to P2. 
So P1 it is more interactive to target molecule. 
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Abstract 
The solid-liquid equilibrium of the ternary system of H2O - Al(NO3)3 - Ni(NO3)2 were studied 

using a synthesis process based on conductivity measurements. The isotherm was experimentally 
established at a 30 °C. The aim of our work is to validate the results obtained experimentally by an 
algorithm based on the Pitzer equations as well as the Nelder-Mead simplex method, which is an 
optimization method for multivariate function. A comparison between the obtained isotherm from 
the experimental data and the elaborated one using Pitzer model has confirmed our results. 

Keywords: Pitzer model, solubility isotherms, Al(NO3)3 - Ni(NO3)2 -H2O. 
 
1. Introduction 
A phase diagram is a thermodynamic tool, allowing after its analysis to give us a deep 

description about what happens at the microscopic level in the studied system. The liquid-solid 
phases equilibrium diagrams based on water and metal nitrates were the subject of many previous 
studies due to their properties, which give them opportunities for interesting industrial 
applications, especially for the synthesis of bi- or tri-metallic oxides (Goundali et al., 2006). Indeed 
Solubility equilibrium between solid salts, salt hydrates and water play an important role in 
different branches of applied chemistry such as, hydrometallurgy, geochemistry and oceanography, 
Hence thermodynamic models can be powerful predictive and interpretive tools to study the 
geochemistry of natural waters and mineral deposits, solve environmental problems and optimize 
industrial processes; indeed the Pitzer model is one of the most used ones, which has enjoyed 
remarkable success. It is especially popular with geochemists, waste chemists, and engineers for 
prediction of mineral solubilities and phase equilibrium. 

 
2. Experimental work 
Conductivity measurements were the basic synthetic method for the determination of 

solubility curves (Tenu et al., 1973; Kaddami et al., 1986; Tenu et al., 1979). It consists practically, 
in adding small amounts of water to the saturated solution in order to toggle it from its equilibrium 
state. Once the new equilibrium is restored after the addition of the water, the conductivity is 
measured and it is represented in terms of the quantity of added water (Laallam et al., 2004; 
Laallam et al., 2003; Laallam et al., 2011). Then, we follow for a set of poly-phase mixtures (liquid+ 
solid) of the appropriate composition, the variation of the liquid phase conductivity according to 
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the dilution of the initial mixture. The electric conductivity-composition curve of solution 
introduces a discontinuity at each phase change. When the identification of the solid phase was too 
difficult with the previous method, the components were subjected to the dosage. Initially, salts are 
the Nickel nitrate with six water molecules and the Aluminum nitrate with nine water molecules. 
Water has been used bi-distilled.  

The phase determination was our second step after the solubility limits definitions for a 
several mixed solution, indeed the identification of sold phase was a little difficult using 
conductivity measurements. Hence comes the metering method, which consists to identify the 
Nickel sulfate and the Aluminum sulfate using the wet residues and the “ensembles” methods 
(Chretien et al., 2011; Jouaiti et al., 1983; Schreinemakers et al., 1983). The Ni ions have been 
measured by molecular absorption spectrophotometry, the Al ions by volumetry using the EDTA. 

In this study, we adopted definitions and notations of rectangular coordinates, we calculated 
the weight composition coordinates of considered mixture points by using the following 
expressions: 

W (Al(NO3)3) = 100 *  

 

W (Ni(NO3)2) = 100 *  

mt = m(Al(NO3)3) + m(Ni(NO3)2) + m(H2O) 
 

The experimental isotherm obtained at 20°C, (Jouaiti et al., 1983), is given in Table 1. 
 
Table 1. The measured solubility data of ternary system Al(NO3)3+ Ni(NO3)2 + H2O at 20°C 

 
W (Al(NO3)3),% W (Ni(NO3)2),% Limit domains 

0 
 

4.33 
 

8.6 
 

11.2 
 

13.11 
 

16.9 
 

23.9 
 

30.9 
 

38.37 
 

47.98 
 

43.18 
 

38.1 
 

36.22 
 

33.84 
 

28.1 
 

17.1 
 

8.5 
 

0 

Liq+Ni6 
 

-- 
 

-- 
 

AL9 + Ni6 + Liq 
 

Liq+Al9 
 

-- 
 

-- 
 

-- 
 

-- 

 
The experimental results of the solubility isotherm obtained at 20°C are given in Figure 1. 



European Reviews of Chemical Research, 2019, 6(1) 

25 

0 20 40 60 80 100

W(Al(NO
3
)
3
)

20

40

60

80

100

I

III

IV

II

Ni
6

Al
9

W(Ni(NO
3
)
2
)

W(H
2
O)

 
 

Fig. 1. The 20°C solubility isotherm of Al(NO3)3-Ni(NO3)2-H2O ternary system 
 

3. Page and column layout 
The details of ion- interaction have already been discussed in preceding PITZER publication, 

the following equation 1, 2 and 3 are the main equations employed in our calculations. 

                       

(1) 
                  (2)                          

 
                       (3) 

 
 
The summations in Eqs (1), (2) and (3) over c and a respectively are summations over the 

cations and the anions respectively present in the solution. The various terms in Eqs. (1), (2) and 
(3) are defined as follows: 

                                                                                                               (4) 
                                                                                                                    (5) 

                       (6) 

                                                                             (7)                                      

                                                                (8)                                            

                                                                                                  (9)                                            

                                                                                        (10)                                                              
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                                                                           (11)                                               

                                                                     (12)                                                

                                                                                               (13)                                           

                                                                                                            (14)                                            

                                                                                                                   (15) 

 
The ion-interaction model gives an equation for the activity and osmotic coefficient of 

electrolyte solution depending to four binary parameters, , , , and two ternary ones ψ 
and θ. These parameters allow us the calculation of the equilibrium constant of each component in 
the systems at different temperature. 

The solubility of hydrated salt in electrolyte solutions can be calculated from thermodynamic 
equations. For a hydrated salt, , the solubility at a given temperature for the 

dissolution reaction: 

v  

Is given by: 

 
 

Where  and  represent respectively the activity of the ion  and water. 

 
Where and   , represent respectively, the molality and the activity coefficient of the ions . 

The activity of water is related to the osmotic coefficient (Pitzer et al., 1977) by the given equation: 

 
In which:  

 Represents the molecular mass of water, the sum covers all solute spices. Activity and 
osmotic coefficients are calculated by using the PITZER model (Jouaiti et al., 2017; Pitzer et al., 
1977).  

 
4. Theoretical model 
In this work, the algorithm used is already establshed in a previous article (Jouaiti et al., 

2018). One of the most basic parts of this algorithm is on finding the Pitzer parameters for a system 
that we know the experimental data.  

The principle is to change the values of these parameters so that it can minimize the objective 
function, indeed this function is expressed in terms of the difference between the experimental and 
theoretical values calculated from the Pitzer parameters at each iteration (Jouaiti et al., 2018). 

In the following, we will mainly consider the studied ternary system with a common ion, in 
this case we’re facing three binary PITZER parameters which are already known from literature, 
and tow ternary ones which are the aim of the present work. The idea is to calculate the equilibrium 
constant Kb for the binary system for an initial Pitzer parameters, then, the equilibrium constant 
Kt for the ternary system is calculated from for all experimental molality data (Jouaiti et al., 2018). 
At the end, the objective function can be calculated as follow: 

 
Where: 
N: number of data points in the solubility isotherm. 
mc, mc’: experimental molality of cation.  
ma: experimental molality of anion it can be determined directly from mc and mc’ . 
During calculation, the ternary Pitzer parameters change to minimize the objective function 

, by the NELDER MEAD method. So, the Pitzer parameters are now obtained by minimizing , 
and the resulting parameters are then considered acceptable for use in the Pitzer model. 
 
 



European Reviews of Chemical Research, 2019, 6(1) 

27 

Table 2. The binary Pitzer parameters for both binary systems Ni(NO3)2, and Al(NO3)3 
(Jouaiti et al., 2018) 
 

Salts     

Ni(NO3)2 0.288 1,437  -0,002 

Al(NO3)3 0,703 1,890  0,075 

 
Table 3. The ternary Pitzer parameters determining by iterative 

 
Ternary parameters   

Calculated -0.267 -0.183 

 
5. Comparison 
Figure 2, shows the experimental isotherm for the studied ternary system in comparison with 

the theoretically elaborated one, using Pitzer model. As it’s clear in the graph, the predicted 
solubilities agree very well with the experimental data. 

 

 
Fig. 2. Experimental and calculated solubility of Al(NO3)3,-Ni(NO3)2-H2O system at 20°C,  

(: experimental data, calculated results obtained by using the Pitzer parameters in Table 2) 
 
6. Conclusion 
Because of the low solubility of Al(NO3)3,9H2O, the Pitzer parameters cannot be determined 

from isopiestic measurements in the binary system. Therefore, solubilities in the ternary system 
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Al(NO3)3-Ni(NO3)2-H2O are applied to evaluate these parameters. Indeed, the successful 
calculations for the system proves that the obtained results experimentally are correct. 
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Abstract 
In this review paper some synthesis of different classes of polyheterocyclic cyanine dyes have 

been reviewed. In this paper review detailed synthesis steps for the synthesis of some 
polyheterocyclic cyanine dyes were represented via equations. This is covers the synthesis of 
polyheterocyclic monomethine cyanine dyes (simple cyanine dyes), dimethine cyanine dyes, 
trimethine cyanine dyes (carbocyanine dyes), pentamethine cyanine dyes (dicarbocyanine dyes), 
styryl cyanine dyes (hemicyanine dyes), aza-styryl cyanine dyes (aza-hemicyanine dyes) and 
apocyanine dyes. Besides, in the introduction section of this review paper some light is focused on 
some important uses, applications, characterizations and properties of cyanine dyes. This review 
paper is very readable, informative, and useful for synthetic dye chemists, researchers and students 
who look for the different methods in the synthesis and preparation of various classes of 
polyheterocyclic cyanine dyes. In addition, this paper review can be used and/or will be most 
valuable as a thesis and/or as a note book for student lectures, particularly for the post graduate 
students and researchers in the field of heterocyclic and/or cyanine dyes chemistry. This special 
and/or specific type of collective review in the synthesis of different classes of only polyheterocyclic 
cyanine dyes has been paid no attention and is absence in the chemistry literature. 

Keywords: сyanine dyes, synthesis, polyheterocyclic cyanine dyes, different classes of 
cyanine dyes, uses of cyanine dyes, applications of cyanine dyes, properties of cyanine dyes. 

 
1. Introduction 
The first cyanine dye was discovered in 1856 by C.H. Greville Williams. Later in 1873, 

H.W. Vogel began to use cyanine dyes in photography (Hamer, 1964). Since then, research on 
cyanine dyes developed (Chen, 2006) rapidly due to their extra sensitizing power on silver halide in 
the region of spectra from visible to near infrared (IR) in photography. 

Cyanine dyes (Shindy, 2014; Shindy, 2015; Shindy 2015a; Shindy 2012) have relatively good 
stability, high molar absorption coefficients, medium fluorescence intensity, narrow spectrum 
width and the ability to form H- or J-aggregates. The maximum absorption wavelength of cyanine 
dyes can be tuned precisely from near-UV to near-IR by chemical structure modification. With 
these unique photophysical and photochemical properties, cyanine dyes are recently being used in 
many applications such as nonlinear optics, optical data storage, bimolecular labeling, dye laser, 
photorefractive materials and photodynamic therapy (Mishra et al., 2000). 

In recent years, there has been increased interest in the field of the synthesis and application 
of cyanine dyes absorbing in different visible spectral regions, suitable as nucleic acid labels. 
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The number of both patents (Roth et al., 1995; Yue et al., 1996; Yue et al., 1994; Yue et al., 1997; 
Lee, 1997) and scientific publications (Deligeorgiev et al., 1995; Deligeorgiev et al., 1998; Yarmoluk, 
et al., 1996; Moreda et al., 1997) is an strong evidence for the commercial (Haugland, 1996), 
scientific (Timcheva et al., 1997; Zeng et al., 1997; Josef et al., 1996; Millard et al., 1997; Roth et al., 
1997; Gurrieri et al., 1997; Clark et al., 1997) and practical importance of these probes in nucleic 
acid research, clinical and environmental analysis.  

Additional important and interesting properties, characterizations and applications of 
cyanine dyes ((Shindy, 2016; Shindy, 2017; Shindy, 2018; Shindy, 2018a; Shindy et al., 2018) also 
covers and/or includes the following:  

1-Cyanine dyes are photosensitizers dyes, and this can be evaluated  through examining their 
electronic visible absorption spectra in 95 % ethanol solution. The cyanine dyes were thought to be 
better photosensitizers when they absorb the visible light to initiate the electronic transitions at 
higher wavelength bands (bathochromic shifted and/or red shifted dyes). Consequently, the 
photosensitization of the cyanine dyes decreases when they absorb the visible light to initiate the 
electronic transitions at lower wavelength bands (hypsochromic shifted and/or blue shifted dyes). 
So, we may say that the photosensitization of one cyanine dye is higher than the other one if the 
wavelength of the maximum absorption spectrum of the former one is longer than that of the latter 
one. In contrary, we may say that the photosensitization of one cyanine dye is lower than the other 
one if the wavelength of the maximum absorption spectrum of the former one  is shorter than that 
of the latter one. Studying the electronic visible spectra of cyanine dyes in 95 % ethanol solution is 
very important in the case of cyanine dyes because the extensive uses of these dyes as photographic 
sensitizers for silver halide emulsion in photosensitive material industry for colored and non 
colored (black and white) films (cyanine dyes were originally used, and still are, to increase the 
sensitivity range of photographic emulsions, i. e. to increase the range of wavelengths which will 
form an image on the film).  

2-Cyanine dyes are solvatochromic dyes, and this can be evaluated through measuring their 
electronic visible absorption spectra in pure solvent having different polarities The cyanine dyes 
were thought to be better solvatochromic properties when they give strong positive and/or negative 
solvatochromism in pure solvents having different polarities. Consequently, the solvatochromic 
properties of the cyanine dyes decrease when they give weak positive and/or negative 
solvatochromism in pure solvent having different polarities. So, we may say that the 
solvatochromic properties of one cyanine dye is higher than the other one if the positive and/or the 
negative solvatochromism in pure solvents having different polarities of the former one is stronger 
than that of  the latter one. In contrary we may say that the solvatochromic properties of one 
cyanine dye is lower than the other one if the positive and/or the negative solvtochromism in pure 
solvnt having different polarities of the former one is weaker than that of the latter one. Positive 
solvatochromism reveals bathochromic shifted (red shifted) absorption bands with increasing 
solvent polarity. In contrast, negative solvatochromism discloses hypsochromic shifted (blue 
shifted) bands with increasing solvent polarity. Solvatochromic evaluation study is very important 
in the case of cyanine dyes because the extensive uses and application of these dyes in textile 
industry and/or as probes for determining solvent polarity in physical, physical organic, inorganic 
and/or solution chemistry.  

3-Cyanine dyes are halochromic dyes, and this can be evaluated through examining their 
electronic visible absorption spectra in aqueous universal buffer solutions owing varied pH values. 
The cyanine dyes were thought to be better halochromic properties when they give strong positive 
and/or negative halochromism in aqueous universal buffer solutions having varied pH values. 
Consequntly, the halochromic properties of the cyanine dyes decrease when they give weak positive 
and/or negative halochromism in aqueous universal buffer solutions having varied pH values. 
So, we may say that the halochromic properties of one cyanine dye is higher than the other one if 
the positive and/or the negative halochromism of the former one in aqueous universal buffer 
solutions having varied pH values is stronger than that of  the latter one. In contrary we may say 
that the halochromic properties of one cyanine dye is lower than the other one if the positive 
and/or the negative halochromism of the former one in aqueous universal buffer solutions having 
varied pH values is weaker than that of the latter one. Positive halochromism means occurrence of 
a bathochromic shifted (red shifted) absorption bands with changing solution pH of the buffer 
solution. In contrast, negative halochromism means occurrence of a hypsochromic shifted (blue 
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shifted) absorption bands with changing the pH of the buffer solution. Halochromic evaluation 
study in aqueous universal buffer solutions having varied pH values have a great practical 
importance in the case of cyanine dyes because the wide uses and applications of these dyes as 
indicators in operations of acid / base titrations in analytical chemistry. 

4-Cyanine dyes are biologically (antimicrobial) active dyes, and this can be evaluated through 
measuring their inhibition zone diameter against a number of bacterial and/or fungi strains. 
The cyanine dyes were thought to be better antimicrobial active when they give higher inhibition 
zone diameter against the tested bacterial and/or the fungi strains. Consequently, the antimicrobial 
activity of the cyanine dyes decrease when they give lower inhibition zone diameter against the 
tested bacterial and/or the fungi strains. So, we may say that the antimicrobial activity of one 
cyanine dye is stronger than the other one if the inhibition zone diameter against the tested 
bacterial and/or the fungi strains of the former one is higher than that of the latter one. 
In contrary, we may say that the antimicrobial activity of one cyanine dye is weaker than the other 
one if the inhibition zone diameter against the tested bacterial and/or the fungi strains of the 
former one is lower than that of the latter one. Studying the antimicrobial activity evaluation 
against a number of bacterial and/or fungi strains bears to have a great practical value in the case 
of cyanine dyes because the extensive uses and applications of these dyes as bactericidal (anti-
bacterial strains) and/or as fungicidal (anti-fungi strains) in pharmaceutical (pharmacological) 
industry and/or in pharmacochemistry.  

5-Cyanine dyes are rich electronic transitions dyes, and this can be evaluated through 
investigating their electronic visible absorption spectra in 95 % ethanol solution. The dyes were 
thought to be better electronic transitions when they absorb light at higher wavelength bands 
(bathochromic shifted and/or red shifted dyes). Consequently, the electronic transitions of the dyes 
decreases when they absorb light at lower wavelength bands (hypsochromic shifted and/or blue 
shifted dyes). So, we may say that the electronic transitions of one cyanine dye is higher than the 
other one if the wavelength of the maximum absorption spectrum of the former one is longer than 
that of the latter one. In contrary, we may say that the electronic transitions of one cyanine dye is 
lower than the other one if the wavelength of the maximum absorption spectrum of the former one  
is shorter than that of the latter one. Studying the visible electronic transition absorption spectra in 
95 % ethanol solution is very important in the case of cyanine dyes because the wide uses and 
applications of these dyes as photographic sensitizers in photographic material industry.  

6-Cyanine dyes are anti-tumor and/or anti-cancer dyes, and this can be explained in the light 
of their extensive uses and applications in photodynamic therapy (PDT). Photodynamic therapy 
(PDT) is a new technique and/or method for treatment of cancer. Due to their excellent properties, 
cyanine dyes are used in light power treatment. Photodynamic therapy has many advantages 
compared with surgery chemotherapy and radiotherapy treatment in treating cancer. First of all, it 
can have special light sensitive materials accumulate in tumor selectively, which will not damage 
the body normal tissues cells. Secondly, only local anesthetic is needed which saves a lot of medical 
bills. Finally, the side effect is small, which does not cause other damage in the body. Because of its 
light selectivity and specificity, photodynamic therapy only damage tumor tissue without harming 
the body normal cells. Particularly, merocyanine dyes can distinguish some certain cells and 
selectively enter into cancer cells, then kill it as photosensitizers directly using for photodynamic 
therapy (PDT) or as radiation sensitizers for the treatment of solid tumors, where the affinity 
between cyanine dyes and tumor cells is much higher than that between cyanine dyes and normal 
cells. Merocyanine dyes are also used as antitumor drugs and combining PDT with drug therapy 
has become a tendency and will certainly promote the treatment of tumors. 

 
2. Synthesis of Different Classes of Polyheterocyclic Cyanine Dyes 
Styryl cyanines (5a-d), (6a-d), monomethine cyanine dyes (7a-d), (8a-d) and trimethine 

cyanine dyes (13a-g), (14a-g) incorporating bis pyrazolo-[2,3-b; 2,3-b] oxazine and/or pyrazolo 

[2,3-b]-oxazolo[2,3-b]oxazine were prepared (Osman et al., 1997), Scheme (1). 
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Scheme (1) 
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Scheme (1) continue 
Substituents in Scheme (1):  
(3a, b): X(A)= 3[1-phenyl pyrazole] (a); X(A)= 6[oxazole] (b). 
(4a, b): X(A)= 3[1-phenyl pyrazolium-2-yl salt] (a);  
X(A)= 6[oxazolium-5-yl salt] (b). 

(5a-d); (6a-d): X(A)= 3[1-phenyl pyrazolium-2-yl salt]; R= H(a), .OCH3 (b), .NO2 (c); 

X(A)= 6[oxazolium-5-yl salt]; R= .OCH3 (d). 
(7a-d);(8a-d): X(A)=3[N-ethyl pyrazole], Z= 1-methyl pyridinium-4-yl salt (a); 
X(A)= 3[N-ethyl pyrazole], Z= 1-methyl quinolinium-4-yl salt (b); 
X(A)= 3[N-ethyl pyrazole], Z= 2-methyl isoquinolinium-1-yl salt (c); 
X(A)= 6[N-ethyl oxazole], Z= 1-methyl quinolinium-4-yl salt (d). 
(9a, b); (11a, b): X(A)= 3[1-phenyl pyrazolium-2-yl salt], R= H (a); 
X(A)= 6[oxazolium-5-yl salt], R= H (b). 
(10a-d); (12a-d): X(A)= 3[1-phenyl pyrazolium-2-yl salt]; R= CH3 (a), 

         CF3 (b), C6H5 (c). X(A)= 6[oxazolium-5-yl salt], R= CH3 (d). 
(13a-g); (14a-g): X(A)= 3[N-ethyl pyrazole], R= H, Z= 1-ethyl pyridinium-  

        2-yl salt (a);  
        X(A)= 3[N-ethyl pyrazole], R= H, Z= 1-ethyl quinolinium-2-yl salt (b);  
        X(A)= 6[N-ethyl oxazole], R= H, Z= 1-ethyl quinolinium-2-yl salt (c);  
        X(A)= 3[N-ethyl pyrazole], R= CH3, Z= 1-ethyl quinolinium-2-yl salt (d);  
        X(A)= 3[N-ethyl pyrazole], R= CF3, Z= 1-ethyl quinolinium-2-yl salt (e);  
        X(A)= 3[N-ethyl pyrazole], R= C6H5, Z= 1-ethyl quinolinium-2-yl salt (f);  
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        X(A)= 6[N-ethyl oxazole], R= CH3, Z= 1-ethyl quinolinium-2-yl salt (g).  
 

Monomethine, -substituted dimethine and styryl cyanine dyes were synthesized using 
oxonium salts (El-Aal, et al., 2005), Scheme (2). 
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Substituents in Scheme (2): 
 (16a-c): A = 1-ethylpyridine-2-ium (a); 1-ethylquinoline-2-ium (b);  
1-ethylpyridine-4-ium (c). 
(17a-c): X = H (a); CH3 (b); ph (c). 
(18a-c): R = H (a); OH (b); NO2 (c). 
(19a-c): X = H, A = 1-ethylquinoline-2-ium (a); 
X = CH3, A = 1-ethylquinoline-2-ium (b); 
X = ph, A = 1-ethylquinoline-2-ium (c). 
(20a-c): R = H (a); OH (b); NO2 (c). 
 
Monomethine cyanines (21, R = H, ph; X = NH, CH2; A= H, C4H4; Z = H, C4H4), trimethine 

cyanines (22, X = NH, CH2; A = H, C4H4; Z = H, C4H4) and styryl cyanines (23, R = H, OMe, NO2; X 
= NH, CH2; A = H, C4H4) were synthesized (Abu El-Hamd, 1996), Scheme (3). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Scheme (3) 
 

 
Dimethine cyanines (28a-f) and their bases (29a, b), incorporating pyrazolo (3,4-d)-8-amino-

1-azaquinoxaline moiety or its ethiodide, have been prepared (El-Maghraby, et al., 1988), Scheme 
(4). 
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Substituents in Scheme (4): 
(24, 26, 27): X= N(a); N+ – EtI- (b). 
(28a-f): X= N, A= 1-ethyl pyridinium-2-yl salt (a); 
               X= N, A= 1-ethyl quinolinium-2-yl salt (b); 
               X= N, A= 1-ethyl pyridinium-4-yl salt (c); 
               X= N+-EtI-, A= 1-ethyl pyridinium-2-yl salt (d); 
               X= N+-EtI-, A= 1-ethyl quinolinium-2-yl salt (e); 
               X= N+-EtI-, A= 1-ethyl pyridinium-4-yl salt (f). 
(29a, b): A= H(a); C4H4 (b). 
 
Dicationic cyanine dyes containing pyrazolo pyrano-oxazone/ pyrimidine moiety have been 

prepared and their visible absorption spectra have been studied (El-Maghraby et al., 1991), Scheme 
(5). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Scheme (5) 
Substituents in Scheme (5):  

(30a, b), (31a, b), (32a, b), (33a, b): X = .Cl (a), .NO2 (b). 

(34a – d): X = .Cl, Z = O (a); X = .Cl, Z = NH (b); 

                  X = .NO2, Z = O (c); X = .NO2, Z = NH (d). 

(35a – f): X = .Cl, Z = O, A = 1-ethyl pyridinium-2-yl salt (a); 

                  X = .Cl, Z = NH, A = 1-ethyl pyridinium-2-yl salt (b); 
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                  X = .Cl, Z = O, A = 1-ethyl quinolinium-2-yl salt (c); 

                  X = .Cl, Z = NH, A = 1-ethyl quinolinium-2-yl salt (d); 

                  X = .NO2, Z = O, A = 1-ethyl quinolinium-2-yl salt (e); 

                  X = .NO2, Z = NH, A = 1-ethyl quinolinium-2-yl salt (f). 
A series of pyrazolo[4,5-b] pyrido[2,3-c] pyrazine cyanine dyes covering styryl, aza-styryl, 

mono- and tri- methine cyanines were synthesized via reaction of 3-methyl-1-phenyl pyrazolo [4,5-
b] pyrido [2,3-c] pyrazine-2-ethyl iodide with active components (Khalafalla et al., 1993), Scheme 
(6). 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Scheme (6) 
Substituents in Scheme (6): 
(36a, b): R = 6-Br (a); 7-NH2 (b). 

(37a – e): R = 6-Br, R\ = H (a), .N(CH3)2 (b), .NO2 (c),  

R = 7-NH2, R\ = H (d), .OH (e). 
(39a – d): R = 7-NH2, A = 1-ethyl pyridinium-4-yl salt (a),  
R = 7-NH2, A = 1-ethyl quinolinium-4-yl salt (b),  
R = 7-NH2, A = A = 2-ethyl isoquinolinium-1-yl salt (c),  
R = 6-Br, A = 2-ethyl isoquinolinium-1-yl salt (d). 
A number of mono-(tri-)-methine and aza-methine cyanine dyes of pyrazolo [5,4-b] 

quinolino[a,b]-1,4-pyra-(oxa)-zinium bromide salts were prepared (Koraiem et al., 1999), Scheme 
(7). 
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Scheme (7) 
 
Substituents in Scheme (7): 
(42a, b): R = H (a); C6H5 (b). 
(43a, b): X = NH (a); O (b). 
(44a – c); (98a – c): R =C6H5, X = NH (a);  
R =C6H5, X = O (b); R = H, X = NH (c). 
(46a –f):   R =C6H5, X =NH, A =1-methyl pyridinium-4-yl salt (a); 
R = H, X =NH, A =1-methyl pyridinium-4-yl salt (b); 
R =C6H5, X =NH, A =1-methyl quinolinium-4-yl salt (c); 
R =C6H5, X =O, A =1-methyl quinolinium-4-yl salt (d); 
R =C6H5, X =NH, A =2-methyl isoquinolinium-1-yl salt (e); 
R =C6H5, X =O, A =2-methyl isoquinolinium-1-yl salt (f). 
(48a – c): A =1-ethyl pyridinium-2-yl salt (a); 
A =1-ethyl quinolinium-2-yl salt (b);  
A =1-ethyl pyridinium-4-yl salt (c). 
(49a – d): R =C6H5, Y =4.OH (a); R = H, Y =4.OH (b); 
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R =C6H5, Y =2.OH, 5,6-benzosubstituent (c); 
R =C6H5, Y =2.OH, 3,4-benzosubstituent (d). 
 
Savarino, et al., synthesized new styryl cyanine dyes by quaternization of 2[2(4)-methyl 

pyridyl]-imidazo[4,5-b]pyridine and further reaction with p.dimethylamino-benzaldehyde 
(Savarino et al., 1987), Scheme (8). 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

Scheme (8) 
 

Substituents in Scheme (8): 
(50a, b); (52a, b); (53a,b): A = 2-methyl (a); 4-methyl (b). 
(54a, b): A = 2-methine (a); 4-methine (b). 
 
Lindsey, et al., prepared three members of a new class of photochemical model compounds 

containing a covalently-linked porphyrin and a cyanine dye (Lindsey et al., 1989), Scheme (9). 
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Scheme (9) 
 

Substituents in Scheme (9): 
(56a, b); (57a, b): n = 0 (a); 2 (b). 
(58a - c); (59a - c): X = O, n = 0 (a); X = C(CH3)2, n = 0 (b);  
X = C(CH3)2, n = 2 (c). 
 
Shindy, et al. prepared a series of cyanine dyes including monomethine cyanine dyes (simple 

cyanine dye) and trimethine cyanine dyes (carbocyanine dyes) incorporating benzo[2,3-b, 2',3'-
b']bispyrazolo[4,5-b]-1,4-(oxa-, thia- and pyra-)-zine-6,12-dione (Shindy et al., 2006), Scheme 
(10). 
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Scheme (10) 

Substituents in Scheme (10): 
(61a-c); (62a-c); (63a-c); (64a-c) & (68a-c): X = O (a); X = S (b); X = NH (c). 
(65a-e); (66a-e) & (67a-e): X = O, A = 1-ethyl pyridinium-4-yl salt (a); 
X = O, A = 1-ethyl quinolinium-4-yl salt (b); 
X = O, A = 2-ethyl isoquinolinium-1-yl salt (c); 
X = S, A = 1-ethyl quinolinium-4-yl salt (d); 
X = NH, A = 1-ethyl quinolinium-4-yl salt (e). 
 (69a-g) & (70a-g): X = O, A = 1-ethyl pyridinium-2-yl salt (a); 
X = O, A = 1-ethyl quinolinium-2-yl salt (b); 
X = O, A = 1-ethyl pyridinium-4-yl salt (c); 
X = S, A = 1-ethyl quinolinium-2-yl salt (d); 
X = NH, A = 1-ethyl quinolinium-2-yl salt (e). 
 
Shindy synthesized a number of monomethine cyanine dyes, bis monomethine cyanine dyes, 

trimethine cyanine dyes and bis trimethine cyanine dyes having benzo[2,3-b; 2',3'-b']bis furo[3,2-
d]pyrazole nuclei (Shindy, 2007), Scheme (11). 
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Scheme (11) 
Substituents in Scheme (11): 
(74a-c); (75a-c): A = 1-methyl pyridinium-4-yl salt (a); 
A = 1-methyl quinolinium-4-yl salt (b); 
A = 2-methyl isoquinolinium-1-yl salt (c). 
(77a-c); (78a-c): A = 1-methyl pyridinium-2-yl salt (a); 
A = 1-methyl quinolinium-2-yl salt (b); 
A = 1-methyl pyridinium-4-yl salt (c). 
 

Hemicyanine dyes and aza-hemicyanine dyes derived from benzo[2,3-b; \2 ,
\3 -

\b ]bis 
pyrazolo[4,5-b]-l,4-(oxa-, thia-, and pyra)-zine-6,12-dione ring system were prepared by Shindy et al. 
(Shindy et al., 2014), Scheme (12). 
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Scheme (12) 
 
3. Conclusion 
1. Cyanine dyes are comprised of two heterocycles containing nitrogen linked together by a 

conjugated polymethine chain. The heterocycles act as both electron donors and acceptors creating 
an push-pull system throughout the molecule, allowing for long wavelength absorption, Scheme (13). 

2. The intensity of the colour of the cyanine dyes is illustrated according to suggested two 
mesomeric electronic transitions structures (two resonance forms) (A) and (B) producing a 
delocalized positive charges over the conjugated chromophoric group system of the dyes, Scheme 
(13). 
 

 

                       (A)                                                  (B)            

(n = 0, 1, 2, 3; etc.); R=CH3, CH3CH2; 

X=I; A=Heterocyclic nucleus; B=Heterocyclic nucleus 

 
Structure and colour intensity illustration of cyanine dyes 

Scheme (13) 
 

3. Modification of cyanine dyes structures can be carried out through the followig: 
a-The use of heterocycles with different hetero atoms. 
b-The use of heterocycles with different substituents on the carbon skeleton. 
c-The use of heterocycles with different substituents on the nitrogen atom of the heterocycles. 
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d-The use of heterocyclic with different ring size system (five membered ring, six membered 
ring, etc.) 

e-The use of heterocyclic with different nuclear number (mono nuclear, bi nuclear and/or 
polynuclear). 

f-The change and/or replacing the substituents in the meso substituted side chain of the 
polymethine bridge.  

g-Increasing and/or decreasing conjugation by increasing and/or decreasing the number of 
methine (-CH=) units between the two heterocycles. 

h-Increasing and/or decreasing conjugation by increasing and/or decreasing the number of 
aza-methine (-CH=N-) units between the two heterocycles. 

i-Changing the type of the heterocyclic quaternary salt residue employed in the reaction.  
j-Changing the linkage position of the heterocyclic quaternary salt residue employed in the 

reaction.  
k-Increasing and/or decreasing the number of the electronic charge transfer pathways inside 

the dyes molecules. 
l-Increasing and/or decreasing the planarity of the dyes molecules. 
m-Entering and/or introducing of either electron donating groups and/or electron 

withdrawing groups inside the dyes molecules. 
n-Increasing and/or decreasing the number of the basic centers (electron pushing centers) 

inside the dyes molecules. 
4. This review paper is recommended for chemists and researchers in the field of heterocyclic 

and/or cyanine dyes chemistry.  
5. This paper review is recommended to all who are keen to have and know different methods 

in the synthesis of various classes of polyheterocyclic cyanine dyes and/or to get some basic 
applications, properties and characterization in the chemistry of cyanine dyes.  

6. Because cyanine dyes have multi purposes uses and applications in various fields and 
different research area, this review paper is recommended not only for heterocyclic and/or cyanine 
dyes chemists but also for other scientists in other fields like biology, biotechnology, biochemistry, 
physics, engineering, pharmacology and medicine.  

7. Tthis review paper is recommended for all whom interested in the light absorbing systems 
in their research, labeling of biomolecules and/or in the synthesis and characterization of complex 
organic compounds.  

8. This paper review is recommended to anyone interested in the subject, to chemistry 
libraries and also for the personal bookshelves of every organic heterocyclic and cyanine dyes 
chemist. 

 
4. Current future development 
The current and the future research developments aim to provide novel synthetic methods 

for the preparation of different classes of highly antimicrobial active, Anti-tumour, p-H sensitive, 
highly photographic sensitizers, non toxic, high stability, light fastness, near IR (Infrared), 
fluorescent, anti corrosion, strong labelled DNA and extra conjugated cyanine dyes. Such as 
oxadiazine cyanine dyes, thiazole cyanine dyes, metal stabilized cyanine dyes, pentamethine 
cyanine dyes, heptamethine cyanine dyes, nonamethine cyanine dyes, undecamethine cyanine dyes 
and tridecamethine cyanine dyes.  

Also, the current and/or the future research developments aimed to provide new, novel 
and/or patent review papers in the field of color, dyes and pigments chemistry. The aimed review 
papers will covers and/or includes topics like the origin of color, the relation between color and 
constitutions, synthesis of dyes, properties of dyes, classification of dyes, uses and/or applications 
of dyes. Also, additional important  topics for the current and/or the future research developments 
for the aimed review papers will includes methine cyanine dyes, hemi and/or styryl cyanine dyes, 
merocyanine dyes, apocyanine dyes, monoheterocyclic cyanine dyes, biheterocyclic cyanine dyes, 
polyheterocyclic cyanine dyes, six membered heterocyclic cyanine dyes, five/six membered 
heterocyclic cyanine dyes, five membered heterocyclic cyanine dyes and benz(naphth)/five 
membered heterocyclic cyanine dyes. 
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