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Abstract 

 
Formazans are the compounds which contain the azohyrdazone 

system of conjugated double bonds. Initial applications of these 

compounds included the dye industry and histochemistry , where their 

ease of oxidation to the corresponding tetrazolium salt accompanied by 

distinctive color changes was invaluable in cell staining . Formazans are , 

also of interest because of their importance in analytical chemistry , 

biology , agriculture and industry as well as complexing . They are also 

used in the determination of the effects of anti cancer drugs and 

determine the activity of tumor cells . Formazans are both tautomerically 

and conformationally labile and can exist as chelate; syn,s-cis , semi-

open; syn,s-trans and open forms; anti,s-cis , anti,s-trans isomers . 

Formazans are colored compounds due to the π- π
*
 transitions . The study 

of the structure , tautomeric , and photochromic isomers of formazans is 

important . In recent years crown formazans have been much studied due 

to their interesting chelate structures which can be utilized as ion 

selective electrodes due to the presence of holes in their structures . The 

applications of crown formazans in selective metal extraction and 

determination depend mainly on their ability to form complexes with 

metal cations . The cavity size of crown formazans as well as substituents 

on the macrocyclic ring play an important role in their complexing 

abilities and should then affect on the stability of their metal complexes . 

It is important to pinpoint and understand essential phenomena and 

applications of open and crown-formazans and the factors controlling 

them . For these reasons , this thesis was suggested aiming to ;  

1 - Study the photochromism and isomerization of the formazans . 

2- Investigate the various factors influencing the photochromic properties 

of formazans , such as size , type and position of substituents as well as 

the solvent polarity . 

3- Give details of the ground state properties of formazans . 

4- Study the conformational behavior of macrocyclic formazans as well 

as the ground state properties of macrocyclic formazans .  

5- Explore the effect of cavity size and substituents on the conformation 

of crown formazans .  

6- Account for the chelation and metal complexing power and selectively 

of the crown formazans . 

  
 

 

 

 

 



 

Summary 
 

Formazans are the compounds which contain the azohyrdazone 

system of conjugated double bonds. Initial applications of these 

compounds included the dye industry and histochemistry, where their 

ease of oxidation to the corresponding tetrazolium salt accompanied by 

distinctive color changes was invaluable in cell staining. Formazans are 

of interest because of their importance in analytical chemistry, biology, 

agriculture and industry as well as complexing. They are also used in the 

determination of the effects of anti cancer drugs and determine the 

activity of tumor cells. Formazans are both tautomerically and 

conformationally labile and can exist as chelate syn,s-cis, semi-open 

syn,s-trans and open forms anti,s-cis, anti,s-trans isomers. Formazans are 

colored compounds due to the π- π* transitions. The study of the 

structure, tautomeric, and photochromic isomers of formazans is 

important . 

 In recent years crown formazans have been much studied due to 

their interesting chelate structures which can be utilized as ion selective 

electrodes due to the presence of holes in their structures. The 

applications of crown formazans in selective metal extraction and 

determination depend mainly on their ability to form complexes with 

metal cations. The cavity size of crown formazans as well as substituents 

on the macrocyclic ring play an important role in their complexing 

abilities and should then effect on the stability of their metal complexes .  

It is important to pinpoint and understand essential phenomena and 

applications of open and crown-formazans and the factors controlling 

them. For these reasons, this thesis was suggested aiming to ;  

1 - Study the photochromism and isomerization of the formazans . 



2- Investigate the various factors influencing the photochromic properties 

of formazans , such as size, type and position of substituents as well as 

the solvent polarity . 

3- Give details of the ground state properties of formazans . 

4- Study the conformational behavior of macrocyclic formazans as well 

as the ground state properties macrocyclic formazans .  

5- Explore the effect of cavity size and substituents on the conformation 

of crown formazans .  

6- Account for the chelation and metal complexing power and selectivily 

of the crown formazans . 

The geometrical parameters of the compounds under study were 

calculated using AM1 method as the first step, then we used the different 

levels of calculations: RHF, MP2 and DFT levels with the basis sets 6-

31+G
*
 and 6-311++G

**
. The relative stabilities of the different isomers of 

these compounds were studied of in order to explain and understand the 

origin of their photochromism phenomena. The relative stabilities of the 

different formazan isomers and the various factors concerning these 

stabilities were studied using different levels. Then, the effect of the 

substituents and solvents on the electronic structure and the ground state 

properties was also studied. Consequently, it is of interest to study the 

tautomerism of the studied formazans at B3LYP/6-31+G
*
 level . 

The possibility of interconversion between the different isomers of 

formazans and their thermodynamic parameters was calculated using the 

B3LYP/6-31+G
*
 level . The conversion processes between different 

isomers pass through transition states , which were located at the same 

level . Also, the influence of substituent position on the isomerization 

process was investigated . Using the optimized geometry, the ionization 

potentials , HOMO and LUMO energies and the energy gap of the 

different isomers of the studied formazans were calculated at the 



B3LYP/6-31+G
*
 level . The examination of the NMR and IR data of 

phenyl formazans proved its existence in tautomeric forms . The 

formation of an intrahydrogen bond between the lone pair on -N=N- and 

the hydrogen of NH causes the tatomerism .  

 By using PCM model , the solvent effects (water or methanol) on 

the electronic structure , stabilities and dipole moment values of the 

different forms of formazans and their transition states were studied .  

The conformational structure of some crown formazans were 

studied using the B3LYP/6-31G
*
 level . The effect of the size of the 

macrocycle and type of the substituents attached of the carbon atom 

formazyl on the chemical properties of crown formazans were also 

considered . The ability of crown formazans to formation complexes with 

metal cations was also examined . All structures of the studied formazans 

and their complexes were drawn by Ortep3 program . 

 Molecular orbital calculations proved that , in the gas phase , the 

parent formazan HF exists predominantly as syn,s-trans HFst and syn,s-

cis HFsc forms , while the anti,s-trans HFat isomer exists in a minor 

contribution , which was attributed to the formation of intrahydrogen 

bonds . The activation energies for interconversions between these 

isomers were calculated.  

The effect of bulkiness , type and position of the substituents on the 

formazan isomerisation was also considered . It was found that the main 

factor contributing to the isomer stability is the size of the substituent 

attached to the C-atom of the formazan moiety . The stability trend of 

formazan isomers is mainly affected by the substituent size in position 3 . 

As the size of the substituent increases the contribution of the chelating , 

syn,s-cis , structure predominates . Comparing between HF , DPF and 

3PF compounds indicated that the substitution of phenyl group in 

position 3 stabilized the syn,s-cis isomer while the presence of the two 



phenyl groups connecting to the terminal N-atoms has negligible effect . 

The increase of negativity of the calculated ∆G values proofs the 

importance of substituent size in position three for determination of the 

conformation of formazan . The B3LYP/6-31+G
*
 level proved that in the 

gas or solvents phases , the 1,3,5-triphenyl formazan TPF exists 

predominantly as syn,s-cis TPFsc which is in good agreement with the 

available experiment data . 

 In water and methanol solvents , all the studied compounds 

become more stable because of their higher dipole moment values . On 

the other hand , in water or methanol , the main species of HF is the 

anti,s-trans HFat and the process is accompanied by a decrease in the 

activation energy values .  

In an other part , the conformational structures of crown formazans 

as well as their ground state properties were studied . Two conformers 

were located for the crown formazans ; E,Z,Z and E,E,Z . The first one is 

more stable . Comparing between DPF and crown formazan CF1H 

compounds indicates that the different bond lengths and angles of the 

formazan moiety are not appreciably affected by the presence of ether 

linkage . The dipole moment of the CF1H is higher than that of DPF , 

which was explained by the dipole vectors of the different moieties of the 

system are of the same direction . On the other hand , the calculated 

ionization potential of CF1H is 5.33eV which is lower than that of DPF 

(5.78eV) i.e. the HOMO of CF1H is destabilized by 0.45eV . The same 

trend was also found for the LUMO of CF1H . Therefore , the energy gap 

of CF1H is equal to that of DPF .  

Two factors were expected to influence the stability and chemical 

properties of crown formazans ; cavity size and the substitutions . The 

geometry of the formazan moiety as well as its bonds with the phenyl 

groups does not affect by the size of the macrocycle . Increasing the size 



of the macrocycle decreases the ionization potential and energy gap 

values of crown formazan . The presence of the substituents Me and 

phenyl groups on the meso carbon atom does not significantly affect the 

structural parameters of the formazyl moiety except of elongation of C-N 

bond while in the presence of the -CN group elongates the two C-N 

formazyl bonds and shortens the N-N bonds . 

Two factors are expected to affect on the complexation ability of 

the crown formazans and the conformations of  the resulted complexes : 

the substitution on the meso carbon atom and the cavity size . In the case 

of Li.CF1H complex , the geometrical parameters of the anion do not 

much affected by the presence of the metal ion and the diameter of the 

free CF1H cavity is longer than that of the Li.CF1H complex , indicating 

its inflexibility . The dihedral angle of the Li
+
 ion is small , therefore , to 

some extent , this is an external binding of the Li
+
 ion implying that its 

size is not completely fit the cavity size of the CF1H ligand .   

The increase of cavity size in crown formazan has no effect on bond 

lengths and angles of the resulting complex while the chelating bonds 

shorten and the cavity size fits the Li
+
 ion . In the same time , the binding 

energy and relative stability of these complexes increased with increase 

of the cavity size . The substituent on the meso position has a minor 

effect on the structure and stability complexation .             

 

 (لاتوجد خاتمه-لايوجد ملخص عربي)


