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A MOPAC MINDO/3 calculation is performed for both S0 and S1 states to obtain 

the optimum molecular geometry of the keto-enol photochromic forms of 

Salicylaldehyde-p-hydroxybenzoyl hydrazone (1) and to explain the photo-

induced hydrogen transfer to generate the corresponding enol form azine (2). 

 
The azine (enol form) derived from the intramolecular hydrogen transfer of 

hydrazone (Heats of formations H = -430 and -164 kJ for S0 and S1 states, 

respectively) is found to be as stable as, or more stable than, the hydrazone form 

(H = -414 and 33 kJ for S0 and S1 states, respectively). Furthermore, net 

charges, electron density distributions, ionization potentials and bond orders have 

been computed. The results explain well the H-transfer mechanism.  
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Introduction 

Different types of compounds including hydrazones 

exhibit photochromic behavior that may find different 

important applications
1,2

. Such compounds are known to 

exhibit keto-enol tautomerism under UV-Vis light 

irradiation. Recent experimental findings in our labs 

prompted us to carry out further theoretical studies 

attempting to explain the precise processes involved in 

the photochromic behavior of the compound under 

investigation. 

The photochromic mechanism includes H-transfer
3-6

. 

Semi-empirical MO methods could be utilized to 

compute the optimum molecular geometry and to 

provide important theoretical information to explain 

stability and electronic distributions of the keto and enol 

forms leading to the photochromic behavior. 

In this paper, the suitability of the H-transfer mechanism 

will be discussed using MOPAC MINDO/3 calculation. 

 2. Experimental 

2.1. Photochromism  

Full details of experimentation are described elsewhere
7
. 

We followed the absorption spectrum of the molecule 

using UBS 4000 Fiber Optics spectrophotometer, Ocean 

Optics, USA. The photochemical irradiation was derived 

from 120 W UVA and Visible lamps that stimulate the 

emission spectrum of Xenon lamps, which are fitted 

inside homemade Phocat 120 photoreactor. 

2.2. Computations 

A semi-empirical MOPAC calculation
8
 was applied to 

the hydrazone (1) and its enol form azine (2). The 

optimization of the structures was carried out using 

MOPAC MINDO/3 considering the valence shell 

electrons after the stabilization by Molecular Mechanics 

(force field parameter; MM2). Optimization of the 

geometries, in general, was performed for each of 

corresponding compounds to obtain the heat of 

formation. 
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3. Results and discussion 

Figure (1) and Figure (2) show  the photo induced fast 

forward reaction (rate = 6.7 x10
-2

 min
-1

) and the very 

slow dark back reaction  (rate = days
-1

), respectively. 

The clear isosbestic points reveal the existence of keto-

enol equilibrium responsible of the photochromic 

behavior of compound (1).  

 
Fig. 1: Effect of light irradiation time on the absorption spectrum of 

5x10-5 M solution of compound (1) in neutral aqueous medium of 

pH = 7. The inset shows the kinetics involved, which reveals first 
order rate at analytical wavelength = 380 nm. 

 

Fig. 2: Dark back reaction followed by the absorption spectrum of 

5x10-5 M solution of compound (1) in neutral aqueous medium of 

pH = 7 at one day intervals. 

Figure 3 shows the structures of the two isomers under 

investigation (the keto form, namely; Salicylaldehyde-p-

hydroxybenzoyl hydrazone (1) and the corresponding 

enol form azine (2)). 

 
Fig. 3: Structure of the keto and enol forms of compound (1). 

 The optimized values of bond lengths, bond angles, and 

essential dihedral angles are given in Table 1. Heat of 

formations H and other computed parameters are 

given in Table 2. Table 3 and Table 4 contain Mulliken 

and net charges whereas Table 5 lists the bond orders. 

Referring to Figure 3, the step of hydrogen transfer 

from N(10) to the carbonyl oxygen(19) results in 

stabilizing the enol form (2) by -16 kJ in the S0 state 

whereas the S1 state that is generated under light 

irradiation exhibits much more pronounced stabilization 

by -193 kJ, see Table 2. Thus, the generally accepted 

action mechanism of a H-transfer is reasonable, in 

which the carbonyl oxygen traps the nearest H of inter-

atomic distance value of 3.154 Angstrom to form 

thermodynamically more stable enol form azine (2) 

molecule than the starting hydrazone form (1).  Further 

supportive parameter is the bond order value of N(10) – 

H(20), which is the weakest bond order amongst the 

other phenolic OH groups, see Table 5. 

Furthermore, Mulliken’s charge populations of atomic 

orbitals
9, 10

 are widely used tools for the interpretation of 

the internal structure of molecular orbital’s. The 

computed values are listed in Table 3. It could be seen 

that the less positive the Mulliken charge of the H of a 

group is, the higher the transfer probability to the 

oxygen atom of the carbonyl is, the lower the stability 

of the hydrazone isomer is. It is novel and simple to 

evaluate the H-transfer sensitivity with the Mulliken 

charges of the H atoms of different groups; namely the 

NH and the phenolic groups. Moreover, computed net 

charges from the eigenvectors (see Table 4) are in 

agreement with the above correlation. 

4. Conclusion 

In the action mechanism of hydrazone molecule 1, 

which contains phenolic groups and NH group, 

MOPAC calculation under MINDO/3 potential function 

has well explained the H-transfer as follows: 

1. H-transfer of NH group is the more favorable 

mechanism due to the thermodynamic stability gained. 

Enthalpy of formation reflects induced remarkable 

conjugation due to H-transfer. 

2. Upon excitation of the hydrazone (1) by light 

absorption, the generated S1 state is thermodynamically 

unstable and tends to spontaneously stabilize by H-

transfer to form the azine (2). 

3. H-transfer from the phenolic groups is less favorable 

due to its large interatomic distances with carbonyl 

oxygen of the hydrazone molecule (1). 

4. It is novel and simple to evaluate the H-transfer 

sensitivity with the Mulliken charges of the H atoms of 

different groups; namely the NH and the phenolic 

groups. 
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