
 

  BULGARIAN  CHEMICAL  

  COMMUNICATIONS 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  Journal of the Chemical Institutes  

  of the Bulgarian Academy of Sciences 

  and of the Union of Chemists in Bulgaria 

 

 

2014 Volume 46 / Number 1 



 



5 

Bulgarian Chemical Communications, Volume 46, Number 1 (pp. 5 – 10) 2014 

Aldol condensation of 3-acetylcoumarin derivatives and extraordinary side reactions 

S. Stanchev, I. Manolov* 

Medical University, Faculty of Pharmacy, Department of Pharmaceutical Chemistry, 

2 Dunav St. BG-1000 Sofia, Bulgaria 

Received January 18, 2012; Revised April 11, 2013 

Aldol reaction of 3-acetylcoumarin derivatives was explored – a derivative without substituents in the aromatic ring 

(3-acetylcoumarin) (1), a derivative containing electron withdrawing substituent (3-acetyl-6-nitrocoumarin) (1a) and a 

derivative containing electron donating substituent (3-acetyl-8-methoxycoumarin) (1b). In the first case the typical 

products of aldol reaction with intact lactone rings were isolated. In the presence of electron donating substituent, a 

product of aldol reaction was identified, but with opened lactone rings. There was no aldol reaction in the presence of 

nitro-group and pyran-2-one ring was cleaved. 
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INTRODUCTION 

The reaction of aldol condensation has been 

widely used in organic synthesis. In order to 

synthesize coumarin acidichromic dyes, 7-

substituted 3-acetyl-4-hydroxycoumarin has been 

condensed with 4-N,N-dimethylaminobenzaldehyde 

in benzene, giving products of the aldol reaction 

with very good yields [1].  

The reaction of 3-acetylcoumarin with 3-

pyridylaldehyde in butanol in presence of 

piperidine gave two products - a product of self 

aldol condensation and a product of mixed 

condensation [2].  

Different coumarin chalcones have been 

synthesized by aldol reaction of 3-acetyl-4-

hydroxy-8-isopropyl-5-methylcoumarin and 3-

acetyl-4-hydroxy-6-chloro-7-methylcoumarin with 

a variety of aromatic aldehydes with very good 

yields [3, 4]. Microwave-assisted synthesis has 

been also used for similar reaction intermediates 

and synthesis of pyrazolinylcoumarins with 

possible antioxidant activity [5]. 

Coumarin chalcones and bis-3-coumarinyl-

pyridines have been synthesized by a series of two 

steps of aldol reactions in solventless conditions [6, 

7], using the catalyst Bi(NO3)3, immobilized on 

alumina.  

The BF3-catalyzed aldol condensations of 5-

methyl-2,3-dihydrofuran The mechanism of 

formation of hemiacetal group - compound 4 (3-

methoxy-3-hydroxy-2-(2’-hydroxy-5’-nitro)-

benzylydenebutanoic acid). 

-2-one with RCHO (R = Ph, halo, nitro, 

trifluoromethyl, methyl, methoxy or 

(methylenedioxi)phenyl, thienyl, furyl, cyclohexyl) 

has given acetyltetrahydrofuranones, which show 

cardiovascular activity [8].  

Efficient aldol dimerization of ketones occured 

when the neat ketone is absorbed on basic Al2O3, 

followed, when necessary, by heating [9]. This 

could be a reason for forming dimers of 

acetophenone, 1-indanone and 1-tetralone.  

Coumarins containing electron withdrawing 

group (-CN, -CONH2, etc.) at third position  and 

tertiary amino group at seventh position in the 

coumarin ring, usefull as laser dyes, were prepared 

by Vilsmeyer formylation of trimethylsililated 3-

N,N-substituted aminophenols, hydrolysis and base-

catalyzed aldol condensation with activated 

methylene compounds [10].  

Proline has been used as a catalyst of the aldol 

reaction for asymmetric direct intermolecular aldol 

reaction. [11]. Strong solvent influence on the 

enantiopurity has been observed; anhydrous DMSO 

has been found to be the most suitable solvent.  

4-Hydroxycoumarin has been involved in the 

aldol type of reaction with benzaldehyde in the 

presence of NaOH in ultrasonic bath [12]. The 

product was obtained in high yield. 

The aim of the present investigation was to 

explore the influence of different substituents 

(electron donating or electron withdrawing) in the 

benzene ring of 3-acetylcoumarin derivatives on the 
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course of the self-aldol condensation and the 

possible side products.   

EXPERIMENTAL 

 All starting materials were purchased from 

Merck (Germany), Sigma-Aldrich (USA) and Fluka 

(Switzerland). They were used without further 

purification. Melting points were measured in open 

capillary tubes on a Büchi 535 melting point 

apparatus (Donau Büchi, Switzerland). The IR 

spectra were recorded on a Bruker Vertex 70 

spectrometer (Bruker, Switzerland) and frequencies 

were expressed in cm-1. The 1H NMR spectra were 

recorded on a Bruker 250 MHz instrument (Bruker, 

Switzerland)  in DMSO-d6 or CDCl3 using TMS as 

an internal standard (chemical shifts were reported 

in ppm units, coupling constants (J) in Hz).  

Mass-spectral analysis was performed by 

electron ionization on a mass-spectrometer 

Hewlett-Packard 5973 (USA) at 20 eV.  

Synthetic procedure 

The 3-acetylcoumarin derivative was dissolved 

in methanol at reflux. The solution obtained was 

cooled to room temperature and piperidine was 

added. The reaction mixture was stirred at ambient 

temperature for 1.5 h and was concentrated in 

vacuo. The product was crystallized from methanol.  

Synthesis of 3-[4-оxo-4-(2-оxo-2Н-chromene -3-

yl)]-2-butene-2-yl-2Н-chromene-2-оne /1/ /1/ was 

obtained from 3-acetylcoumarin (3.76 g, 0.02 mol) 

and piperidine (0.85 g, 1 mL, 0.01 mol).  The 

product was a white amorphous powder. It was 

recrystallized from isopropyl alcohol.  

Synthesis of 3-[2-hydroxy-4-oxo-3-(2-oxo-2H-

chromen-3-yl)isobutyl-2H-chromen-2-one /2/ 

 /2/ was crystallized from the same reaction 

mixture. It was a white-yellow crystal powder 

and was recrystallized from ethanol.  

Synthesis of  dimethyl bis [(3-methoxy-2-

hydroxy)-benzylidene] - 3-methyl-5-oxo - 3 - 

heptenoate /3/  

/3/ was synthesized from 3-acetyl-8-

methoxycoumarin (1.09 g, 0.005 mol) and 

piperidine 0.0025 mol (0.21 g, 0.3 mL).    

The product was a yellow crystal substance. It 

was recrystallized from isopropyl alcohol.  

Synthesis of 3-methoxy-3-hydroxy-2-(2’-

hydroxy-5’-nitro)-benzylydenebutanoic acid /4/ 

The product /4/ was synthesized from 3-acetyl-

6-nitrocoumarin (0.37 g, 0.002 mol) and 0.001 mol 

(0.09 g, 0.1 mL) of piperidine. The crude product 

was isolated after removing the methanol and 

mixing of the viscous substance with water. 

 The final product was a red - orange amorphous 

mass. It was recrystallized from water.    

The physical and spectral properties of the 

synthesized compounds are presented in Table 1. 

Computational chemistry 

All calculations were made with the aid of 

Horseshoe computer cluster (University of 

Southern Denmark, Odense). The DFT (Density 

Functional Theory) calculations about geometry 

optimization and ESP (Electrostatic Potential) 

charges were implemented by Gaussian 03 program 

[13]. B3LYP [14-16] /6-31G(d,p) method was used 

for geometry optimisation and ESP charges 

calculations. Gauss View program was used to 

visualize the results from the calculations. 

All initial optimizations and conformational search 

were implemented by Chem-3-D from ChemOffice 

package [17], using the MM2 force field. 

RESULTS AND DISCUSSION 

The aim of this investigation was to study the 

influence of different types of functional groups on 

the course of aldol condensation. 

Aldol type of reactions were carried out between 

two molecules of 3-acetylcoumarin derivatives. The 

reaction conditions include methanol as solvent and 

room temperature. The starting compounds were 

differently substituted 3-acetylcoumarins (3-

acetylcoumarin, 3-acetyl-6-nitrocoumarin, 3-acetyl-

8-methoxycoumarin), which underwent self 

condensation to aldol type biscoumarin compounds 

(2, 2a and 2b). The latter were dehydrated to 

unsaturated biscoumarin derivatives (1, 1a and 1b). 

The interaction scheme of the aldol reaction is 

shown in Scheme 1. 

The probable products are:  

3,3'-[1-oxobut-2-ene-1,2-diyl]-bis(2H-

chromene-2-one) /1/; 3,3'-[1-oxobut-2-ene-1,2-

diyl]-bis(6-nitro-2H-chromene-2-one) /1a/; 3,3'-[1-

oxobut-2-ene-1,2-diyl]-bis(8-methoxy-2H-

chromene-2-one) /1b/. 

These compounds are very convenient for 

further Michael reaction, because of the activated 

double bond in one of the coumarin rings.  
The biscoumarin derivative /1/ was synthesized 

according to the above mentioned reaction and its 

structure was proved by spectral methods (IR, MS) 

and elemental analysis.   
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Scheme 1. Aldol reaction and crotonization of 3-acetylcoumarin derivatives

Its structure was also elucidated by DFT 

(Density Functional Theory) methods. Optimization 

with B3LYP/6-31G (d,p) method and calculation of 

the ESP (Electrostatic Potential) charges were 

made. The geometry of the molecule with the 

charges is presented in Fig. 1. Both coumarin rings 

are planar, all valent angles are close to 1200 (116 - 

1270). The valent angles of the side chain are 

between 125 – 1290, corresponding to a sp2-hybrid 

state of the carbon atoms. The distances: C14 – C15 

(C = C)  1.35 Ǻ, C14 – C12 1.48 Ǻ and carbonyl 

C12 – O39 1.23 Ǻ are signs for - conjugation 

between the  - electrons of the carbonyl bond and  

-electrons of the double C = C bond. This - 

conjugation is the reason for distributing the 

electronic density and concentrating the substantial 

positive charge on C15 (0.362).  

 
Fig. 1.  Optimized structure and ESP charges of the compound /1/ with B3LYP/6-31G(d,p) level of theory 

 
Reactions of nucleophilic additions (for example 

Michael reaction) will take place at the C15 atom in 

comparison to the activated C=C from the pyran 

ring next to the carbonyl group. The - 

conjugation in the pyran ring is much weaker and 

there is almost zero charge at C10 and slightly 

negative charge at C22.  

From the same reaction mixture a compound /2/ 

(3,3'-(3-hydroxy-1-oxobutane-1,3-diyl)bis(2H-

chromen-2-one) was isolated with aldol structure 

which did not undergo an elimination step. 

Concerning the compound /1b/ obtained from 3-

acetyl-8-methoxycoumarin, there is a re-

esterification reaction after aldol condensation, 

which is leading to opening of the lactone ring. The 

process of re-esterification with methanol was 

detected by the presence of methyl esters. The 

general equation of re-esterification of the 

biscoumarin derivative /1b/ to /3/ (dimethyl 2,6-bis 

(2-hydroxy-3-methoxyben-zylidene)-3-methyl-5-

oxohept-3-enedioate) is expressed on Scheme 2. 

S. Stanchev, I. Manolov, Aldol condensation of 3-acetylcoumarin derivatives … 
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Scheme 3. Mechanism of re-esterification of the compound 3. 
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Scheme 5. The mechanism of formation of hemiacetal group - compound 4 (3-methoxy-3-hydroxy-2-(2’-hydroxy-5’-

nitro)-benzylydenebutanoic acid). 

Probably, piperidine acts as a base which 

deprotonates the methanol to a methoxide ion. Thus 

obtained methoxide ion reacted as a nucleophile, 

attacked the carbonyl carbon from the lactone ring 

and opened it. The pyrane-2-one rings were 

transformed to methyl ester group and a phenol 

group was changed to a phenoxide anion. The latter 

accepts protons from the piperidinium cation and 

gives back a phenol hydroxyl group, thus a methyl 

ester being formed. The mechanism of re-

esterification for the compound /3/ (dimethyl 2,6-
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bis (2-hydroxy-3-methoxybenzylidene)-3-methyl-5-

oxohept-3-enedioate) is presented in Scheme 3. 

No aldol condensation with 3-acetyl-6-

nitrocoumarin was performed at all.  

There was a reaction of hydrolysis and opening 

of the lactone ring caused by the basic medium of 

piperidine. The product is a carboxylic acid 

containing phenolic group at ortho-position in the 

aromatic ring. The next step was probably the 

formation of a methoxide anion, caused by the 

interaction of piperidine and methanol. Methoxide 

anion is a strong nucleophile, which attacks and 

adds to the acetyl carbonyl carbon atom 

/nucleophilic addition/. In the last step, the 

protonated piperidine gives its proton, thus the 

hemiacetal group being formed. 

 The equation and the probable mechanism of 

formation of the hemiacetal group - compound /4/ 

(3-hydroxy-2-(2-hydroxy-5-nitrobenzylidene)-3-

methoxybutanoic acid) are presented in Schemes 4 

and 5. 

CONCLUSIONS 

On the basis of the experiments it may be 

concluded that aldol reaction between two 

molecules of 3-acetylcoumarin derivatives takes 

place without any side reactions only when starting 

from 3-acetylcoumarin non-substituted in the 

aromatic ring. If there is a methoxy-group (electron 

donating) at the eighth position in the coumarin 

ring, a reaction of re-esterification and opening of 

the lactone ring takes place. If there is a nitro-group 

(strong electron withdrawing substituent) at sixth 

position, no aldol interaction is observed. In that 

case there is only cleavage of the lactone ring, 

formation of methoxide anion and nucleophilic 

addition of that anion to the carbonyl group from 

the acetyl fragment. Finally the hemiacetal structure 

is observed.   

The electron donating substituent in the 

aromatic ring may facilitate the aldol reaction, but 

the presence of an electron withdrawing substituent 

impedes that reaction.  
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АЛДОЛНА КОНДЕНЗАЦИЯ НА ПРОИЗВОДНИ НА 3-АЦЕТИЛКУМАРИНА С НЕОЧАКВАНИ 

СТРАНИЧНИ РЕАКЦИИ 

Ст. Станчев, И. Манолов 

Медицински университет, Фармацевтичен факултет, Катедра по фармацевтична химия,  

ул. „Дунав” № 2, 1000 София, България 

 
Постъпила на 18 януари, 2012 г.; коригирана на  11 април, 2013 г. 

 

(Резюме)  

Изследвана е алдолната реакция на производни на 3-ацетилкумарина – съединение без заместител в 

ароматното ядро (3-ацетилкумарин) (1), с електроноакцепторен заместител (3-ацетил-6-нитрокумарин) (1а) и с 

електронодонорен заместител (3-ацетил-8-метоксикумарин) (1b). При използването на 3-ацетилкумарин се 

изолират типични продукти на алдолната реакция с непроменен лактонов цикъл. Наличието на 

електронодонорен заместител в ароматното ядро продуктът на алдолната реакция е с отворен лактонен пръстен. 

Когато в ароматното ядро има електроноакцепторен заместител (нитро група) алдолна кондензация не протича 

и изходните продукти остават непроменени. 
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Synthesis, characterization, antibacterial, antifungal and anthelmintic activities of a 

new 5 - nitroisatin Schiff base and its metal complexes 

R. Rao1, K.R. Reddy2 , K.N. Mahendra1*  

1)Department of Chemistry, Central College Campus, Bangalore University, Bangalore – 560 001 
2) Government Science College, Bangalore – 560 001 

Received January 23, 2012; Revised October 2, 2012 

The copper (II), cobalt (II), nickel (II) and zinc (II) complexes of 5 - nitroisatin Schiff base (L) (L= Schiff base 

derived from 5-nitroisatin and 2-methyl-4-nitroaniline) were synthesized and characterized. The authenticity of the 

ligand and its metal complexes has been established by micro analysis, IR, NMR, LC/MS, UV-VIS and electrical 

conductance measurements. The ligand acts as a bidentate agent in which the carbonyl oxygen and the azomethine 

nitrogen of 5-nitroisatin are involved in co-ordination. Square planar geometry was proposed for the Cu (II) and Ni (II) 

complexes and tetrahedral geometry was proposed for the Co (II) and Zn (II) complexes. The ligand and its metal 

complexes have been screened for antibacterial activity against Staphylococcus aureus, Escherichia coli, etc. and for 

antifungal activity against Aspergillus niger, Aspergillus flavous, etc. The Schiff base and its complexes were also 

screened for anthelmintic activity on earthworms. Both samples displayed significant activities. 

Key words: Schiff base, Isatin, Antibacterial activity, Antifungal activity 

INTRODUCTION 

Isatin (2,3-dioxindole or indole-2,3-dione) is an 

endogenous compound identified in humans, and its 

effect has been studied in a variety of systems. The 

biological properties of isatin include a range of 

actions in the brain and offer protection against 

certain types of infections. Isatin has a range of 

actions such as CNS-MAO inhibition, 

anticonvulsant and anxiogenic activities. 5- 

Nitroisatin with 2-methyl-4-nitro aniline derivatives 

was found to exhibit interesting applications in 

physiological studies. Many isatin-derived 

compounds possess a wide spectrum of medicinal 

properties and thus have been studied for activity 

against tuberculosis, leprosy, fungal, viral and 

bacterial infections, etc. [1– 4].  

Z.H. CHOHAN et al. have prepared Schiff 

bases of isatin with 2-aminothiozoles and its metal 

complexes. It was observed that such compounds 

would carry medicinal properties mainly as 

anticonvulsants. In the present study, we mainly 

deal with the synthesis and characterization of a 

novel Schiff base formed by the condensation of 5-

nitroisatin with 2-methyl-4-nitroaniline and its 

complexes with cobalt (II), nickel (II), copper (II) 

and zinc (II). Thus another class of isatin 

incorporating metal-ligand as antibacterials, 

antifungals and anthelmintics has been introduced. 

The ligand and its metal complexes have been 

characterized by IR, NMR, UV-visible, LC/MS, 

molar conductance, magnetic moment and 

elemental analysis data. 

The resulting Schiff base and its metal 

complexes were screened for antibacterial activity 

against Staphylococcus aureus, Escherichia coli, 

Bacillus subtilli, S. typhi and Pseudomonas 

aeruginosa and for antifungal activity against 

Aspergillus niger, Aspergillus flavous and Candida 

Albicans by the agar-well diffusion method. The 

anthelmintic activity on earthworms (Pheretima 

posthumous) of the ligand and its metal complexes 

was also tested by a reported method [5]. The 

ligand and its complexes showed varying activity 

against the strains and their activity was enhanced 

on coordination/chelation. 

EXPERIMENTAL  

Material and Methods 

All chemicals were purchased from Sigma – 

Aldrich and used as such. The CHN analysis was 

carried out by using CHNS analyser of Elementar 

Vario III. IR spectra were recorded on a Perkin 
* To whom all correspondence should be sent: 

E-mail:  mahendra_kadidal@yahoo.com 

© 2014 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria 
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Elmer IR spectrometer. NMR spectra were 

recorded on a Varion FT – NMR apparatus. Mass 

spectra were recorded using a LC/MS instrument. 

UV-visible spectra were recorded on the UV-

visible spectrophotometer of Shimadzu Hitachi. 

The melting points were determined in open 

capillaries and are uncorrected; conductance 

measurements were measured on a Systronics 

conductivity meter in DMF. \ 

Preparation of the Schiff base (L)  

Schiff base ligand was prepared according to the 

following procedure. Ethanolic solutions of 5-

nitroisatin (Fig. 1) (0.01 mol, 1.92 g) in 50 ml and 

2-methyl-4-nitroaniline (Fig. 2) (0.01 mol, 1.52 g) 

in 50 ml were mixed and refluxed for about 1 h. 

The reaction mixture was evaporated to a small 

volume and left to cool. The resulting Schiff base 

ligand (Fig. 3) precipitated on cooling and was 

filtered off, washed with ethanol and recrystallized 

from ethanol. The purity of the Schiff base ligand 

was monitored by TLC using 1:1 ethyl acetate and 

petroleum ether as an eluent. The product, 

separated by column chromatography, had a 

molecular weight of 326, corresponding to the 

molecular formula of the Schiff base 

C15H10N4O5[L]. The yield of Schiff base was 90%. 

 

N
H

O

NH
2 NO

2

O

N
H

O

N NO
2NO2

CH3

 CH3

NO2

 

                 Fig. 1.   Fig. 2.    Fig. 3.

Preparation of complexes  

The metal complexes were prepared by adding a 

solution of the metal salt (0.01 mol) in 50 ml  

absolute ethanol to 100 ml of an ethanolic solution 

of the ligand (0.01 mol) (1:1 ratio) and heating 

under reflux conditions at about 80–90°C for 2–4 h. 

Then the reaction mixture was evaporated to a 

small volume. On cooling, the metal complexes 

crystallized and were filtered, washed thoroughly 

with ethanol and dried under vacuum over fused 

calcium chloride.    

Biological Activity 

Antibacterial activity, antifungal activity and 

anthelmintic activity [in vitro] measurements 

The Schiff base and its complexes were 

screened for antibacterial activity against 

Staphylococcus aureus, Escherichia coli, Bacillus 

subtili, S. typhi, and Pseudomonas aeruginosa. The 

antifungal activity against Aspergillus niger, 

Aspergillus flavous and Candida Albicans was 

checked by the agar-well diffusion method.  

The following strains were used: bacteria - 

Staphylococcus aureus ATCC 25922, Escherichia 

coli ATCC 25923, B. subtilis ATCC 6633, S. typhi 

19430, Pseudomonas aeruginosa ATCC 27853 and 

fungi - Aspergillus niger ATCC6275, Aspergillus 

flavous ATCC4797 and Candida albicans10231. 

The bacteria and fungi were obtained from the 

Government Science College, Bangalore. 

The anthelmintic activity of the ligand and its 

metal complexes was tested on earthworms 

(Pheretima posthumous) using a reported method.  

The bacterial /fungal inoculums of two to six 

hours containing approximately 105 cfu/ml were 

used in these assays. The wells were dug in the 

media with the help of a sterile metallic borer with 

centers at least 24 mm. The recommended amounts 

of 100 µl of the test sample were introduced into 

the corresponding wells. The other wells 

supplemented with DMF and standard drugs served 

as negative and positive controls respectively; the 

plates were incubated immediately at 37ºC for 24 h. 

Activity was determined by measuring the diameter 

of zones showing the complete inhibition in mm. 

Gentamycin (positive control) was used as a 

standard drug for antibacterial activity and nystatin 

(positive control) was used as a standard for 

antifungal activity. The positive controls were 

supplied by the Government Science College, 

Bangalore. 

The Schiff base and its complexes were 

screened for anthelmintic activity on earthworms 

(Pheretima posthumous) using the standard 

piperazine citrate. 
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RESULTS AND DISCUSSION 

Chemistry 

This section deals with analytical data, 

conductivity measurements, IR, NMR, UV-visible 

and mass spectral data. All metal complexes are 

colored solids stable towards air and have high 

melting points (above 200ºC). The complexes have 

the general formula [MLCl2] where M=  Co(II) or 

Zn(II) and  [ M LCl.H2O]Cl where M=  Cu(II) or 

Ni(II). 

The complexes are insoluble in water and 

common organic solvents but are soluble in DMF 

and DMSO. Hence the molecular weights could not 

be determined. Analytical data of the complexes 

suggest that the metal to ligand ratio in all 

complexes is 1:1. 

The analytical and physical data of the ligand 

and its complexes are described as follows. 

(a) Ligand (C15H10N4O5): color yellow, yield % 

90.0, M. P. ºC 180, elemental analysis %   

  calc./found C: 55.21/55.01, H: 3.07/3.04, N: 

17.18/17.05  

  IR(cm–1): 3342 (NH isatin), 1715(C=O), 

1642(C=N) 
1H NMR(δ): isatin: 8.82(s), 7.86(d), 7.83(d); 

aniline: 7.86(d), 7.83(d), 7.08(d); methyl: 6.47(s) 

N-H 11.65 (br) 

 UV(cm–1): 27777, 36363  

Mass spectra (m/z): 325.5 

(b) Complex [CuLCl.H2O]Cl: color light brown, 

yield % 87.4, M.P. ºC:230(d), elemental      

analysis %  calc./found: C 37.66/37.52, H: 

2.51/2.47, N: 11.72 /11.68, 

molar conductance λMS cm2mol
–1:88 

IR(cm–1): 3345(NH isatin), 1700(C=O), 

1621(C=N), 535(M-O), 479(M-N), 326(M-Cl)  

 UV(cm–1): 26315,15748 ESR (µeff   BM): 1.85 

 (c) Complex [Co LCl2]: color light brown, yield 

% 89.2, M.P. º C242(d), elemental analysis %  

calc./found: C 39.48/39.33, H: 2.19/2.16, N: 

12.28/12.21, molar conductance λMS cm2mol
–1:29 

IR(cm–1): 3343 (NH isatin), 1701(C=O), 

1622(C=N), 537(M-O), 475(M-N), 327(M-Cl) 

UV(cm–1): 27027,15503 ESR (µeff   BM): 4.51 

 (d) Complex [NiLCl.H2O]Cl: color light brown, 

yield % 89.8, M.P. ºC 236(d), elemental analysis %  

calc./found: C: 38.16/38.04, H:2.54/2.50, N: 11.87 

/11.81, molar conductance λMS cm2mol-1: 71  

IR(cm-1): 3349(NH isatin), 1704(C=O), 

1621(C=N), 536(M-O), 488(M-N), 334(M-Cl) 

UV(cm-1): 28571, 14814 ESR (µeff   BM): 3.68  

(e) Complex [Zn LCl2]: color: light brown, 

yield % 86.3, M.P. ºC: 224(d), elemental analysis  

%  calc./found: C: 38.93/38.84, H: 2.16/2.13, N: 

12.11/12.05, molar conductance λMS cm2mol-1: 22 

IR (cm–1): 3328(NH isatin), 1705(C=O), 

1623(C=N), 542(M-O), 484(M-N), 332(M-Cl) 

 1H NMR(δ): isatin: 8.90(s), 7.91(d), 7.89(d) 

aniline: 7.90(d), 7.95(d), 7.21(d) methyl: 6.47(s) 

N-H12.65 (br) 

UV(cm–1): 28169,21978, ESR: diamagnetic 

IR Spectra 

The infrared absorption frequencies along with 

their tentative assignments for the major absorption 

bands pertaining to the ligand and its complexes are 

presented in Table 3. In the present investigation 

the tentative assignments of the infrared bands for 

most of the major peaks are based on the 

assignments of previous workers. 

The IR spectrum of the free ligand is 

characterized mainly by the strong bands at 3342, 

1715 and 1642 cm-1 which were attributed to the 

stretching frequencies of NH (aromatic), C=O and 

C=N (azomethine) groups, respectively  and 

reflected in the spectral data of the metal 

complexes.  

The IR spectra of the complexes showed a lower 

shift of wave numbers of both azomethine (ν C=N) 

and heteroatomic moieties by about 15 cm-1 

respectively. The band located at 1700 cm-1 in the 

ligand attributed to (v C=O) moiety of isatin also 

moved to the lower frequency side by about  

15 cm-1. The ν M-O, ν M-N and ν M-Cl bands in the 

IR region were also clearly seen. These data on 

comparison with the spectra of the chelates suggest 

the azomethine-N and isatin-O of the ligand [7-9]. 

 NMR Spectra  

The proton NMR spectral data of the ligand and 

of the Zn complex are presented in Table 4. The 

number of protons calculated from the integration 

of 1H NMR spectra is in accordance with that 

expected from CHN analyses (Table 2) [10–11]. 

Mass Spectra 

The molecular weight 326 for C15H10N4O5 and a 

molecular ion peak is found at 325.5 in the mass 

spectrum supporting the molecular formula of the 

Schiff base. 

ESR Spectra 

The X-band ESR spectrum of the powdered 

sample of the copper complex was recorded at 

room temperature in solid state on X-band at a 

frequency of 9.1 GHz under magnetic field of 3000 

G . The spectral profile is typical of axial type  
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                 Table 1. Thermo gravimetric analysis of the complexes 

Compound Stage Temperature 
ºC 

Weight Loss (%) 
Calculated/Found 

Species Lost Residue 

[ CuLCl.H2O]Cl 

 

1 

2 

3 

100 

210 

320 

7.43/7.38 

11.19/11.15 

68.20/68.15 

Uncoordinated Cl 

Coordinated Cl+H2O 

Ligand 

CuO 

[Co LCl2] 
1 

2 

100 

300 

15.60/15.49 

71.50/71.34 

Coordinated Cl 

Ligand 

Co2O3 

[Ni LCl.H2O ]Cl 

 

1 

2 

3 

100 

210 

330 

7.53/7.39 

11.34/11.18 

69.11/69.05 

Uncoordinated Cl 

Coordinated Cl+H2O 

Ligand 

NiO 

[Zn LCl2] 
1 

2 

100 

310 

15.36/15.24 

70.50/70.32 

Coordinated Cl 

Ligand 

ZnO 

(gll>g┴) implying dx2-y2 ground state. The gll and 

g┴ are found to be 2.26 and 2.10, respectively.  

The gav is related to gll and g┴ by the equation 

gav= (gll-2) / ( g┴ - 2) and is calculated to be 2.6. 

Since the value of gll is less than 2.6, a 

considerable covalent character of the complex in 

the metal-ligand bond has suggested [12]. 

Thermogravimetric studies 

The TGA studies of the complexes were carried 

out in nitrogen atmosphere at a rate of 10º per 

minute up to 700ºC. The data are presented in Table 

1. In the thermal decomposition studies, a general 

pattern of uncoordinated chloride, coordinated 

chloride, water and ligand finally gave the 

respective oxides at a higher temperature. 

UV-visible and magnetic susceptibility 

measurements 

The electronic spectrum of the copper complex 

exhibits bands at 26315 cm–1 and 15748 cm–1 which 

can be assigned to 2B1g→2A1 and 2B1g→2E1g 

transitions. These transitions, as well as the 

measured value of the magnetic moment (µeff = 

1.85 µB) suggest a square-planar stereochemistry 

of the compound. The visible electronic absorption 

spectrum of the cobalt (II) complex is dominated by 

the highest energy 4A2→4T1 (P) transition, which 

is a typical one for tetrahedral Co (II) complexes. 

The magnetic moment value (4.51 µB) and the light 

brown color of the cobalt (II) complex also suggest 

tetrahedral stereochemistry. The electronic 

spectrum of the nickel complex shows two bands at 

28571 cm–1 and 14814 cm–1 which are attributed to 

1A1g→1A2g and 1A1g→1B2g transitions. These 

transitions, as well as the measured value of the 

magnetic moment (3.68 µB) suggest a square-

planar stereochemistry of the compound. Since the 

zinc ion has a d10 configuration, the absorption at 

28169 cm–1 could be assigned to a charge transfer 

transition. However, taking into account the 

spectrum and the configuration of the zinc (II) ion, 

a tetrahedral geometry could be assumed for its 

complex [13–14]. 

BIOLOGICAL ACTIVITIES 

A) Antibacterial activity 

 In view of their potent biological activity, the 

ligand and its metal complexes were tested against 

five bacteria, viz., Staphylococcus aureus (S. 

aureus) and Bacillus subtilis which are 

representatives of gram positive bacterial groups 

and Escherichia coli (E. coli), Pseudomonas 

aeruginosa and Salmonella Typhi which are 

representative of gram negative bacterial groups. 

These bacterial strains are chosen as they are 

potential pathogens of human beings. The 

biological screening was conducted by the disc 

method according to [5, 15]. The enhancement in 

the activity can be explained on the basis of the 

chelation theory and the results obtained are 

presented in Table 2. The ligand and its metal 

complexes exhibit more activity at higher 

concentration. 

B) Antifungal Activity 

The antifungal activity of the ligand and its 

metal complexes was tested against the fungi 

Aspergillus niger, Aspergillus flavous and Candida 

albicans and the results obtained are presented in 

Table 3. The ligand and its metal complexes exhibit 

more activity at higher concentration.   

C) Anthelmintic activity [in vitro] 

Anthelmintic activity of the ligand and its metal 

complexes was tested on earthworms (Pheretima 

posthuma) by a reported method [5, 15]. Normal 

saline has no effect till 10 hours. The standard, 

piperazine citrate, took 18 minutes till the death of 

the worms and the results obtained are presented in 

Table 4. Amongst the complexes under 

investigation, the complexes of Cu(II), Co(II), 
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                Table 2. Antibacterial activity of the Ligand and its complexes [Concentration((µg/ml)] 

Compound 50 100 150 200 250 300 350 400 450 500 

C15H10N4O5(L) a,b,c,d,e↓ 

- - - + ++ ++ ++ ++ ++ +++ 

- - + + + ++ ++ ++ ++ +++ 

+ + + + + + ++ ++ ++ +++ 

- - + + + + ++ ++ ++ +++ 

- - + + + + + ++ ++ +++ 

[CuLClH2O]Cl 

+ + ++ ++ ++ ++ ++ ++ ++ +++ 

+ + ++ ++ ++ ++ ++ ++ ++ +++ 

+ + + ++ ++ ++ ++ ++ ++ ++ 

+ + + + + + ++ ++ ++ ++ 

+ + + + + ++ ++ ++ ++ +++ 

[Co LCl2] 

+ + ++ ++ ++ ++ ++ ++ +++ +++ 

+ + + ++ ++ ++ ++ ++ ++ +++ 

+ + + ++ ++ ++ ++ ++ +++ +++ 

+ + + + + ++ ++ ++ ++ +++ 

+ + + + ++ ++ ++ ++ ++ +++ 

[Ni LClH2O ]Cl 

+ ++ ++ ++ ++ ++ ++ ++ +++ +++ 

+ + + + + ++ ++ ++ +++ +++ 

- - - + + + ++ ++ ++ ++ 

+ + + + + + ++ ++ ++ +++ 

+ + + + + ++ ++ ++ ++ +++ 

[Zn LCl2] 

+ + + + ++ ++ ++ +++ +++ +++ 

+ + + ++ ++ ++ ++ ++ ++ +++ 

- - - - + + ++ ++ ++ ++ 

+ + + + + ++ ++ ++ ++ +++ 

+ + + + ++ ++ ++ ++ +++ +++ 

Negative Control(DMF) Nil 

Standard(mm)Positive control a-25,b-26,c-22,d-29,e-27 

(a) Escherichia coli  (b); S. aureus; (c) Bacillus subtilis; (d) S. typhi; (e) Pseudomonas aeruginosa (µg/ml). 

DMF(control): Nil,  No effect up to 24 hours. Key for interpretation: a) - : Inactive Less than 10 mm; b) + Weakly 

active between 10 – 14 mm. c) ++ : Moderately active between 15 – 17 mm and d)  +++: Highly active above 18 mm 

                Table 3. Anti fungal activity measurements of the ligand and its complexes[Concentration((µg/ml)] 

Compound 50 100 150 200 250 300 350 400 450 500 

C15H10N4O5(L)  a,b,c↓ 

+ + + + ++ ++ ++ ++ ++ ++ 

+ + + + ++ ++ ++ ++ ++ ++ 

+ + + + ++ ++ ++ ++ ++ ++ 

[CuLClH2O]Cl 

- + + + + ++ +++ +++ +++ +++ 

- + + + + ++ +++ +++ +++ +++ 

- + + + + ++ +++ +++ +++ +++ 

[Co LCl2] 

- + + + + ++ ++ +++ +++ +++ 

- + + + + ++ ++ +++ +++ +++ 

- + + + + ++ ++ +++ +++ +++ 

[Ni LClH2O ]Cl 

- - + + + ++ +++ +++ +++ +++ 

- - + + + ++ +++ +++ +++ +++ 

- - + + + ++ +++ +++ +++ +++ 

[Zn LCl2] 

- + + + + ++ +++ +++ +++ +++ 

- + + + + ++ +++ +++ +++ +++ 

- + + + + ++ +++ +++ +++ +++ 

Negative Control(DMF) Nil 

Standard(mm)Positive control a-23,b-21,c-25 
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Ni(II) and Zn(II) showed higher activity than the 

standard. 

CONCLUSIONS 

The Schiff base acts as a bidentate ligand with 

azomethine nitrogen and negatively charged 

oxygen atom as donors. The probable geometry of 

the structure for the complexes of Co and Zn 

would be tetrahedral and for those of Cu and Ni - 

square planar (Figs. 4 and 5, respectively). The 

antibacterial and antifungal activity of the ligand 

is greatly enhanced upon complexation with metal 

ions. Almost all complexes are highly active at 

higher concentration (500 µg/ml) except a few 

that are moderately active. The anthelmintic 

activity of the ligand is greatly enhanced upon 

complexation with metal ions, particularly Co, Ni 

and Zn. 

Table 4.  Anthelmentic activity of the investigated 

compounds.. 

Compound Time taken for paralysis and 

death of worms 

Paralysis (min)    Death (min) 

Blank Normal Saline No effect for 10 hours 

Standard (Piperazine citrate) 10 15 

C15H10N4O5   (L) 9 14 

[CuLCl.H2O]Cl 8 12 

[Co LCl2] 11 17 

[Ni LCl.H2O ]Cl 13 20 

[Zn LCl2] 21 27 
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Fig 4. Tetrahedral geometry M= Co and Zn. 
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Fig. 5. Square planar geometry. M= Cu and Ni. 
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СИНТЕЗА, ОХАРАКТЕРИЗИРАНЕ, АНТИБАКЕРИАЛНИ, ПРОТИВОГЪБИЧНИ И 

АНТИХЕЛМИНТНИ СВОЙСТВА НА 5-НИТРОИЗАТИН-ШИФОВА БАЗА И 

НЕЙНИТЕ КОМПЛЕКСИ 

Р. Рао1, К.Р. Реди2, К.Н. Махендра1 

1)Департамент по химия, Централен кампус на колежа,Университет в Бангалор, Бангалор– 560 001, 

Индия 
2)Правителствен научен колеж, Бангалор – 560 001, Индия 

Постъпила на 23 януари, 2012 г.; коригирана на 2 октомври, 2012 г. 

(Резюме) 

Синтезирани и охарактеризирани са комплексите на медта (II), кобалта (II), никела (II) и цинка (II) на 

5 – нитроизатонива Шифова база (L) (L= Шифова база получена от 5-нитроизатин и 2-метил-4-

нитроанилин). Автентичността на лигандите и тяхниъе метални комплекси е установена чрез 

микроанализ, ИЧ-, ЯМР-, ГХ/МС-, UV-VIS-спектроскoпии и измервания на електропроводността. 

Лигандите действат като би-дентатни агенти в които карбонилния кислород и азо-метиновия азот в 5-

нитроизатина участват в координирането. За структурата на комплексите на Cu (II) и (II) е установена 

планарна квадратна геометрия, а за комплексите на Co (II) и Zn (II) – тетраедрична.Лигандите и тяхните 

комплекси за изпитани за антибактериална активност спрямо Staphylococcus aureus, Escherichia coli и др., 

за противогъбични свойства - спрямо Aspergillus niger, Aspergillus flavous и др. Шифовата база и нейните 

комплекси са изпитани и за антихелминтни свойства спрямо земни червеи. И двете групи съединения 

проявяват значителна активност. 
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Silica-bonded N-propyl sulfamic acid: a recyclable catalyst for 

microwave-assisted synthesis of various dihydropyrano[3,2-c]chromenes 
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A novel and simple method for the synthesis of dihydropyrano[3,2-c]chromenes is reported. The products are 

obtained in good to excellent yields by a simple, mild and efficient procedure using silica-bonded N-propyl sulfamic 

acid (SBNPSA) as a catalyst under microwave irradiation conditions. 

Keywords: Silica-bonded N-propyl sulfamic acid (SBNPSA); chromenes; dihydropyrano[3,2-c]chromenes; 

Irradiation microwave 

INTRODUCTION 

Chromones constitute one of the major 

classes of naturally occurring compounds, and 

interest in their chemistry continues unabated 

because of their usefulness as biologically active 

agents [1]. Some of the biological activities 

attributed to chromone derivatives include 

cytotoxic (anticancer) [2-4], neuroprotective [5], 

HIV-inhibitory [6], antimicrobial [7,8], antifungal 

[9] and antioxidant activity [10]. Due to their 

abundance in plants and their low mammalian 

toxicity, chromone derivatives are present in large 

amounts in the diet of humans [11]. The synthesis 

of chromone derivatives is a research field of great 

interest and long history [12]. In general, 

chromones are synthesized by the cyclodehydration 

of 1-(o-hydroxyaryl)-1,3- diketones or equivalent 

intermediates catalyzed by strong acids or strong 

bases (Vilsmeier-Haack reaction) [13]. They have 

been prepared on a large scale by the Allan-

Robinson synthesis involving acylation-

rearrangement, and subsequent cyclization [14]. 

This methodology has been followed in the 

synthesis of chromone derivatives with quaternary 

ammonium functionalities which show not only 

activity of cosmetic interest but also for hair 

sustainability, as well as in the asymmetric 

synthesis of optically active 4-chromone derivatives 

[15]. In the Baker-Venkataraman synthesis [16], 

internal Claisen condensation of 2-aryloxy-1-

acetylarenes is employed as a key step. More 

recently the synthesis of chromone derivatives was 

accomplished by intramolecular ester carbonyl 

olefination [17] or Pd-catalyzed regiospecific 

carbonylative annulation of o-iodophenol acetates 

and acetylenes [1, 18]. 3-Cyanochromones have 

been synthesized in a mild and facile way from 

oximes derived from 3-formyl chromones using 

dimethyl formamide/ thionyl chloride complex 

[19]. As for aminochromones, useful for the 

prevention of allergic and asthmatic reactions in 

mammals, as indicated by tests in rats, they have 

been synthesized either by rearrangement of 

isoxazoles [20] or from chlorinated salicylic acids 

and malononitrile in aqueous NaOH or NaH [21]. 

2-Amino-4H-chromenes and their derivatives are of 

considerable interest as they possess a wide range 

of biological properties [22], such as spasmolytic, 

diuretic, anticoagulant, anticancer and 

antianaphylactic activity [23]. In addition, they can 

be used as cognitive enhancers for the treatment of 

neurodegenerative diseases, including Alzheimer’s 

disease, amyotrophic lateral sclerosis, Huntington’s 

disease, Parkinson’s disease, AIDS associated 

dementia and Down’s syndrome as well as for the 

treatment of schizophrenia and myoclonus [24]. 

The development of multi-component reactions 

(MCRs) has attracted much attention from the 

vantage point of combinatorial and medicinal 

chemistry [25]. Many important heterocycle 

syntheses are multi-component reactions. Recently, 

the synthesis of 4H-chromenes and 

dihydropyrano[3,2-c]chromenes derivatives has 

attracted great interest to their biological and 

pharmacological activities [26]. The 4H-chromene 

derivatives show various pharmacological 

properties such as spasmolytic, diuretic, 
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anticoagulant, anticancer, and antianaphylactic 

activities [26]. Substituted 4H-chromenes are 

particularly versatile compounds that bind Bcl-2  

protein (B-cell lymphoma 2) and induce apoptosis 

in tumor cells. 

EXPERIMENTAL 

All materials and solvents were purchased 

from Merck and Fluka. Melting points were 

determined in open capillary tubes in an 

Electrothermal IA 9700 melting point apparatus. 1H 

NMR spectra were recorded on a Bruker-300 MHz 

instrument using tetramethylsilane (TMS) as an 

internal standard. IR spectra were recorded on a 

Shimadzu-IR 470 spectrophotometer. The mass 

spectra were scanned on a Varian Mat CH-7 

instrument at 70 eV. Irradiation was carried out in a 

domestic microwave oven (Electra, 2450 MHz, 700 

W) for optimized time. All yields refer to isolated 

products. Silica bonded N-propyl sulfamic acid 

(SBNPSA) was prepared according to our 

previously reported procedure [27]. 

General procedure for the preparation of 2-amino-

5-oxo-dihydropyrano[3,2-c]chromenes: 

A mixture of aldehyde (12 mmol), malononitrile 

(1.5 mmol), 4-hydroxycoumarin (12 mmol) and 

silica bonded N-propyl sulfamic acid (SBNPSA) 

(0.1 g) in H2O (5 mL) and EtOH (5 mL) was stirred 

and irradiated in a microwave oven at 700 W for 

the appropriate time (Table 1). After completion of 

the reaction, which was monitored by TLC, the 

mixture was cooled to room temperature. The solid 

product was collected by filtration, washed with 

water and aqueous ethanol and purified by 

recrystallization from ethanol.  

Selected spectral data: 

2-amino-5-oxo-4-(3,4,5-trimethoxyphenyl)-4,5-

dihydropyrano[3,2]chromene-3-carbonitrile (Table 

1, entry 1): m.p. 224-226 ºC; (m.p. 224-226 ºC 

[28,29]); IR (KBr) νmax/cm-1: 3425, 3321, 2191, 

1672, 1595, 1375, 1154 .
 
1H NMR (DMSO-d6, 300 

MHz) δ:
 
3.63 (s, 3H, CH3), 3.71 (s, 6H, CH3), 4.43 ( 

s, 1H, H), 6.52 (s, 2H, NH2), 7.42 (t, 2H, aromatic), 

7.65 (t, 2H, aromatic), 7.87 (2d, 3H, aromatic). 13C 

NMR (DMSO-d6, 250 MHz) δ: 160.1, 158.5, 154.0, 

153.3, 152.6, 139.4, 137.1, 133.3, 125.1, 123.0, 

119.7, 117.0, 113.6, 105.4, 104.1, 60.4, 58.4, 56.0, 

37.7. MS (m/z): 404. Anal. Calc. C, 65.02; H, 4.46; 

N, 6.89%. Found: C, 65.0; H, 4.27; N, 6.93%.  

2-amino-4-(2,6-dichlorophenyl)-5-oxo-4,5-

dihydropyrano[3,2-c]chromene-3-carbonitrile 

(Table 1, entry 2): m.p. 275-278 ºC, (m.p. 274-277 

ºC [28,29]); IR (KBr) νmax/cm-1:3422, 3320, 2190, 

1676, 1595, 1377, 1151.
 
1H NMR (DMSO-d6, 300 

MHz) δ:
  
4.29 ( s, 1H, H), 6.85 (s, 2H, NH2), 7.43 (t, 

2H, aromatic), 7.66 (t, 2H, aromatic), 7.84 (2d, 3H, 

aromatic). 13C NMR (DMSO-d6, 250 MHz) δ: 

161.2, 160.8, 159.3, 152.5, 139.4, 138.4, 135.6, 

128.3, 127.5, 123.4, 119.2, 116.4, 115.4, 113.6, 

105.3, 58.2. MS (m/z): 384. Anal. Calc. C, 59.24; 

H, 2.62; N, 7.27%. Found: C, 59.21; H, 2.65; N, 

7.25%. 

2-amino-4-(2,3-dichlorophenyl)-5-oxo-4,5-

dihydropyrano[3,2-c]chromene-3-carbonitrile 

(Table 1, entry 3): m.p. 274-276 ºC, (m.p. 273-276 

ºC [29]); IR (KBr) νmax/cm-1: 3423, 3320, 2192, 

1675, 1595, 1377, 1150.
 
1H NMR (DMSO-d6, 300 

MHz) δ:
 
4.29 ( s, 1H, H), 6.85 (s, 2H, NH2), 7.43 (t, 

2H, aromatic), 7.66 (t, 2H, aromatic), 7.84 (2d, 3H, 

aromatic). 13C NMR (DMSO-d6, 250 MHz) δ: 

161.1, 160.7, 159.4, 152.5, 139.5, 138.4, 135.7, 

128.2, 127.4, 123.6, 119.2, 116.6, 115.3, 113.5, 

105.4, 58.3. MS (m/z): 384. Anal. Calc. C, 59.24; 

H, 2.62; N, 7.27%. Found: C, 59.20; H, 2.65; N, 

7.26%. 

2-amino-4-(2,4-dichlorophenyl)-5-oxo-4,5-

dihydropyrano[3,2-c]chromene-3-carbonitrile 

(Table 1, entry 4): m.p. 254-256 ºC, (m.p. 255-258 

ºC [29]); IR (KBr) νmax/cm-1: 3420, 3322, 2190, 

1677, 1595, 1377, 1152.
 
1H NMR (DMSO-d6, 300 

MHz) δ:
 
4.27 (s, 1H, H), 6.83 (s, 2H, NH2), 7.45 (t, 

2H, aromatic), 7.67 (t, 2H, aromatic), 7.80 (2d, 3H, 

aromatic). 13C NMR (DMSO-d6, 250 MHz) δ: 

161.3, 160.6, 159.4, 152.6, 139.5, 138.4, 135.7, 

128.2, 127.4, 123.6, 119.2, 116.6, 115.3, 113.5, 

105.4, 58.3. MS (m/z): 384. Anal. Calc. C, 59.24; 

H, 2.62; N, 7.27%. Found: C, 59.20; H, 2.65; N, 

7.26%. 

2-amino-4-(4-bromophenyl)-5-oxo-4,5-

dihydropyrano[3,2-c]chromene-3-carbonitrile 

(Table 1, entry 5): m.p. 254-256 ºC, (m.p. 255-257 

ºC [29]); IR (KBr) νmax/cm-1: 3423, 3321, 2190, 

1678, 1595, 1375, 1152.
 
1H NMR (DMSO-d6, 300 

MHz) δ:
 
4.28 (s, 1H, H), 6.81 (s, 2H, NH2), 7.42 (t, 

2H, aromatic), 7.44 (t, 2H, aromatic), 7.66 (t, 2H, 

aromatic), 7.81 (2d, 3H, aromatic). 13C NMR 

(DMSO-d6, 250 MHz) δ: 161.9, 160.7, 159.3, 

152.6, 139.5, 138.7, 135.4, 128.2, 127.5, 123.6, 

120.2, 116.7, 115.1, 113.5, 105.4, 58.3. MS (m/z): 

384. Anal. Calc. C, 57.74; H, 2.81; N, 7.09%. 

Found: C, 57.55; H, 2.75; N, 7.01%. 

2-amino-4-(3-nitrophenyl)-5-oxo-4,5-

dihydropyrano[3,2-c]chromene-3-carbonitrile 

(Table 1, entry 6):  m.p. 255-258 ºC, (m.p. 256-259 

ºC [29]); IR (KBr) νmax/cm-1: 3423, 3321, 2190, 

1678, 1595, 1375, 1152.
 
1H NMR (DMSO-d6, 300 

MHz) δ:
 
4.26 (s, 1H, H), 6.82 (s, 2H, NH2), 7.46 (t, 

2H, aromatic), 7.44 (t, 2H, aromatic), 7.68 (t, 2H, 
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aromatic), 7.81 (2d, 3H, aromatic). 13C NMR 

(DMSO-d6, 250 MHz) δ: 161.9, 160.7, 159.3, 

152.6, 139.5, 138.7, 135.4, 128.2, 127.5, 123.6, 

120.2, 115.4, 116.7, 113.5, 105.4, 58.3. MS (m/z): 

361. Anal. Calc. C, 63.16; H, 3.07; N, 11.63%. 

Found: C, 63.01; H, 3.12; N, 11.55%. 

2-amino-4-(4-nitrophenyl)-5-oxo-4,5-

dihydropyrano[3,2-c]chromene-3-carbonitrile 

(Table 1, entry 7): m.p. 256-259 ºC, (m.p. 255-258 

ºC [29]); IR (KBr) νmax/cm-1: 3422, 3320, 2195, 

1677, 1591, 1376, 1152.
 
1H NMR (DMSO-d6, 300 

MHz) δ:
 
4.24 (s, 1H, H), 6.82 (s, 2H, NH2), 7.44 (t, 

2H, aromatic), 7.44 (t, 2H, aromatic), 7.69 (t, 2H, 

aromatic), 7.83 (2d, 3H, aromatic). 13C NMR 

(DMSO-d6, 250 MHz) δ: 161.7, 160.7, 159.5, 

152.8, 139.2, 138.6, 135.6, 128.3, 127.4, 123.6, 

120.1, 115.6, 116.7, 113.5, 105.4, 58.3. MS (m/z): 

361. Anal. Calc. C, 63.16; H, 3.07; N, 11.63%. 

Found: C, 63.03; H, 3.14; N, 11.52%. 

2-amino-5-oxo-4-p-tolyl-4,5-dihydropyrano[3,2-

c]chromene-3-carbonitrile (Table 1, entry 8): m.p. 

252-255 ºC, (m.p. 252-254 ºC [29,30]); IR (KBr) 

νmax/cm-1: 3420, 3325, 2198, 1676, 1591, 1375, 

1152.
 

1H NMR (DMSO-d6, 300 MHz) δ: 2.35 (s, 

1H, CH3),  
4.29 (s, 1H, H), 6.81 (s, 2H, NH2), 7.12 

(s, 1H, aromatic ), 7.42 (t, 2H, aromatic), 7.65 (t, 

2H, aromatic), 7.84 (2d, 3H, aromatic). 13C NMR 

(DMSO-d6, 250 MHz) δ: 161.9, 160.2, 159.2, 

152.8, 141.2, 135.5, 128.9, 128.4, 123.3, 125.5, 

115.3, 116.4, 105.4, 58.1, 39.8. MS (m/z): 330. 
Anal. Calc. C, 72.72; H, 4.27; N, 8.48%. Found: C, 

72.67; H, 4.31; N, 8.37%. 

2-amino-4-(4-methoxyphenyl)-5-oxo-4,5-

dihydropyrano[3,2-c]chromene-3-carbonitrile 

(Table 1, entry 9): m.p. 244-247 ºC, (m.p. 246-249 

ºC [29]); IR (KBr) νmax/cm-1: 3421, 3326, 2199, 

1676, 1590, 1377, 1154.
 
1H NMR (DMSO-d6, 300 

MHz) δ: 3.83 (s, 1H, CH3),  
4.28 (s, 1H, H), 6.80 (s, 

2H, NH2), 7.14 (s, 1H, aromatic ), 7.44 (t, 2H, 

aromatic), 7.66 (t, 2H, aromatic), 7.82 (2d, 3H, 

aromatic). 13C NMR (DMSO-d6, 250 MHz) δ: 

161.9, 160.2, 159.2, 152.8, 141.2, 135.5, 130.1, 

128.5, 123.3, 125.4, 115.3, 114.4, 116.5, 105.4, 

58.4, 39.9. MS (m/z): 346. Anal. Calc. C, 69.36; H, 

4.07; N, 8.09%. Found: C, 69.21; H, 4.16; N, 

8.15%. 

 2-amino-4-(4-chlorophenyl)-5-oxo-4,5-

dihydropyrano[3,2-c]chromene-3-carbonitrile 

(Table 1, entry 10): m.p. 263-265 ºC, (m.p. 265-267 

ºC [29]); IR (KBr) νmax/cm-1: 3422, 3324, 2198, 

1676, 1593, 1377, 1154.
 
1H NMR (DMSO-d6, 300 

MHz) δ: 
 
4.29 (s, 1H, H), 6.81 (s, 2H, NH2), 7.17 (s, 

1H, aromatic), 7.37 (2x t, 2H, aromatic), 7.65 (t, 

2H, aromatic), 7.84 (2d, 3H, aromatic). 13C NMR 

(DMSO-d6, 250 MHz) δ: 161.9, 160.2, 159.2, 

152.8, 142.2, 135.5, 131.3, 130.3, 128.5, 123.3, 

125.4, 119.8, 115.3, 114.4, 116.5, 105.4, 58.2, 39.9. 

MS (m/z): 346. Anal. Calc. C, 65.06; H, 3.16; N, 

7.99%. Found: C, 64.93; H, 3.07; N, 7.82%. 

2-amino-5-oxo-4-phenyl-4,5-

dihydropyrano[3,2-c]chromene-3-carbonitrile 

(Table 1, entry 11): m.p. 262-264 ºC, (m.p. 260-264 

ºC [29]); IR (KBr) νmax/cm-1: 3421, 3324, 2199, 

1676, 15935, 1376, 1155.
 
1H NMR (DMSO-d6, 300 

MHz) δ: 
 
4.29 (s, 1H, H), 6.81 (s, 2H, NH2), 7.17 (s, 

1H, aromatic), 7.37 (2× t, 2H, aromatic), 7.65 (t, 

2H, aromatic), 7.84 (2d, 3H, aromatic). 13C NMR 

(DMSO-d6, 250 MHz) δ: 161.9, 160.2, 159.2, 

152.8, 144.1, 135.5, 127.7, 128.6, 123.3, 125.7, 

119.1, 115.3, 116.4, 105.3, 58.1, 39.8. MS (m/z): 

316. Anal. Calc. C, 72.15; H, 3.82; N, 8.86%. 

Found: C, 72.04; H, 3.72; N, 8.94%. 

RESULTS AND DISCUSSION 

We performed the synthesis of 2-amino-

4H-chromenes and/or dihydropyrano[3,2-

c]chromenes through a three-component reaction 

employing silica-bonded N-propyl sulfamic acid 

(SBNPSA) acid as a catalyst. The synthesis of 2-

amino-4H-chromenes and/or dihydropyrano[3,2-

c]chromenes was achieved by three-component 

condensation of an aromatic aldehyde, 

malononitrile and 4-hydroxycoumarin in the 

presence of SBNPSA as a catalyst. The reaction 

was carried out in aqueous ethanol under 

microwave irradiation conditions to give products 

in good to high yields (Scheme 1 and Table 1). 

 

Ar

O

H + NC CN +

O

OH

O

C2H5OH, H2O, SBNPSA

Microwave
O

O

NH2

CN

Ar

O

1 3 42
 

Scheme 1. Synthesis of various dihydropyrano[3,2-c]chromenes in the presence of silica-bonded N-propyl 

sulfamic acid (SBNPSA) as catalyst under irradiation microwave conditions 
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Table 1. Synthesis of various dihydropyrano[3,2-c]chromenes were run at microwave conditions and in the presence 

of silica-bonded N-propyl sulfamic acid (SBNPSA) as catalyst, H2O:EtOH (1:1). 
Entry ArCHO aProduct Time (min) aYield(%) Ref. 

1 3,4,5-(OCH3)3-C6H4CHO  

O

O

OCH3

OCH3

OCH3

O

CN

NH2

 

47 94.5 - 

2 2,6-Cl2-C6H4CHO  

O

O

O

CN

NH2

Cl

Cl

 

34 96 [28] 

3 2,3-Cl2-C6H4CHO 

O

O

O

CN

NH2

Cl
Cl

 

30 92.5 [29] 

4 2,4-Cl2-C6H4CHO 

O

O

O

CN

NH2

Cl

Cl  

32 85 [29] 

5 4-Br-C6H4CHO  

O

O

O

CN

NH2

Br  

38 95.5 [29] 

6 3-NO2-C6H4CHO 

O

O

O

CN

NH2

NO2

 

40 94.5 [29] 

7 4-NO2-C6H4CHO 

O

O

O

CN

NH2

NO2  

41 98 [29] 

8 4-CH3-C6H4CHO  

O

O

O

CN

NH2

CH3  

43 93 [30] 

9 4-OCH3-C6H4CHO 

O

O

O

CN

NH2

OCH3  

24 84.5 [29] 

10 4-Cl-C6H4CHO  

O

O

O

CN

NH2

Cl  

29 83 [29] 

11 C6H5CHO  

O

O

O

CN

NH2

 

44 92.5 [29] 

aProducts were characterized from their physical properties, by comparison with authentic samples, and by spectroscopic methods. 
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Table 2. Synthesis of various dihydropyrano[3,2-c]chromenes were run under reflux (Conentional heating conditions) 

and in the presence of silica-bonded N-propyl sulfamic acid (SBNPSA) as catalyst, H2O:EtOH (1:1). 

Entry ArCHO aProduct Time (min) aYield(%) 

1 3,4,5-(OCH3)3-C6H4CHO  

O

O

OCH3

OCH3

OCH3

O

CN

NH2

 

65 88 

2 2,6-Cl2-C6H4CHO  

O

O

O

CN

NH2

Cl

Cl

 

47 86.5 

3 2,3-Cl2-C6H4CHO 

O

O

O

CN

NH2

Cl
Cl

 

49 83 

4 2,4-Cl2-C6H4CHO 

O

O

O

CN

NH2

Cl

Cl  

51 77 

5 4-Br-C6H4CHO  

O

O

O

CN

NH2

Br  

48 74.5 

6 3-NO2-C6H4CHO 

O

O

O

CN

NH2

NO2

 

63 73 

7 4-NO2-C6H4CHO 

O

O

O

CN

NH2

NO2  

58 82 

8 4-CH3-C6H4CHO  

O

O

O

CN

NH2

CH3  

61 78 

9 4-OCH3-C6H4CHO 

O

O

O

CN

NH2

OCH3  

47 68.5 

10 4-Cl-C6H4CHO  

O

O

O

CN

NH2

Cl  

41 68 

11 C6H5CHO  

O

O

O

CN

NH2

 

59 78.5 

aProducts were characterized from their physical properties, by comparison with authentic samples, and by spectroscopic methods. 
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Scheme 2. The mechanism of the synthesis of various dihydropyrano[3,2-c]chromenes in the presence of silica-bonded 

N-propyl sulfamic acid (SBNPSA) as catalyst under irradiation microwave conditions. 

 

As shown in Table 1, the results of the reactions 

of the aromatic aldehyde, malononitrile with 4-

hydroxycoumarin indicate that the application of 

microwave irradiation can considerably increase the 

efficiency of these reactions to produce entries 1-11 

in satisfactory yields (83-98%) and reduce the 

reaction times when compared with the 

conventional thermal conditions (68-88%) (Table 

2). 

2-Amino-4H-chromenes are generally prepared 

by refluxing malononitrile, aldehyde and activated 

phenol in the presence of hazardous organic bases 

like piperidine for several hours [31]. A literature 

survey revealed that several modified procedures 

using CTACl [32], TEBA [33], and γ-alumina [34] 

as catalysts have been recently reported but all 

these methods require long refluxing hours. Based 

on previous studies, new heterogeneous catalyst 

systems for fine chemical preparation were 

developed [35]. The suggested mechanism for the  

SBNPSA-catalyzed transformations is shown in 

Scheme 2. As reported in the literature [36], the 

Knoevenagel coupling of aldehydes with 

malononitrile gives the intermediate (5). Then, the 

subsequent 1,4-conjugate addition of 4-

hydroxycoumarin to the intermediate (I) followed 

by cyclization, affords the corresponding products 

[37,38]. A mechanism for this reaction has been 

suggested in Scheme 2. 

 The catalysts were recovered by evaporation of the 

solvent and washing of the solid with chloroform. 

When the reaction was completed, the mixture was 

filtered, the solid residue was washed with warm 

ethanol and the catalyst was reused in the 

subsequent reaction. The recycled catalyst could be 

reused four times without any additional treatment. 

No appreciable loss in the catalytic activity of 

SBNPSA was observed (Table 3).  

Table 3. Recyclability of SBNPSA catalyst for the 

synthesis of compound (Table 1, 7) (2-amino-4-(4-

nitrophenyl)-5-oxo-4,5-dihydropyrano[3,2-c]chromene-

3-carbonitrile). 
Run Time (min) a,bYield (%) 

1 41 97 

2 41 96 

3 41 96 

4 41 94 
a Isolated yield. 
 bYield of catalyst recycled four times. 

CONCLUSION 

In conclusion, we have developed an efficient 

procedure for the synthesis of 2-amino-4H-

chromene and/or dihydropyrano[3,2-c]chromene 

derivatives in 1:1 EtOH-water mixture using silica-

bonded N-propyl sulfamic acid (SBNPSA) as a 

catalyst. This method offers several advantages 

such as inexpensive catalysts, easy synthetic 

procedure, high yields, simple work-up procedure 

and easy product isolation. The microwave 

irradiation reduced the reaction times in this 

synthesis. 
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(Резюме) 

Съобщава се за нов и прост метод за синтезата на дихидропропанол [3,2-c] – хромени. Продуктите се 

получават с добри до отлични добиви с проста и ефективна процедура при меки условия. За катализатор се 

използва N-пропил-сулфаминова киселина (SBNPSA) върху носител от силициев диоксид при микровълново 

лъчение. 
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     Many of the classical synthetic methodologies have broad scope but generate copious amounts of waste. The 

chemical and pharmaceutical industries have been subjected to increasing pressure to minimize or, preferably, eliminate 

this waste. In the present study a series of some newer 1,2,3–benzotriazole derivatives were synthesized under 

ultrasonicated and solvent–free conditions. Newer “1–(1H–benzo[d][1,2,3]triazole–1–carbonyl) derivatives” (5A – 5P) 

were synthesized from “1H–benzo[d][1,2,3]triazole” (1) by optimizing the reaction conditions. The resulting products 

were isolated and characterized by spectral studies. The anti bacterial activities of these compounds were screened in 

vitro against different strains of bacteria i.e. Gram negative organism (Pseudonomous aureginosa, MTCC – 1035) and 

Gram positive organisms (Bacillus cereus, MTCC – 430, Bacillus subtilis, MTCC – 441, Staphylococcus aureus, 

MTCC – 737, Staphylococcus epidermidis, MTCC – 3086) by paper disc diffusion method.  Some of the synthesized 

compounds showed significant activity against various bacteria. 

Key words: Ultrasound irradiation, solvent-free synthesis, 1,2,3 - benzotriazole derivatives, anti bacterial activity.  

INTRODUCTION 

Heterocyclic compounds containing nitrogen 

atoms are considered to be one of the most effective 

antimicrobial drugs used as either single agents or 

in combination for cancer therapy [1, 2]. Some 

benzotriazole derivatives have shown anti-

inflammatory properties [3]. Touami et al [4] 

reported that the conjugates of benzotriazole 

derivative photonucleases and DNA minor groove 

binders exhibit enhanced cleavage efficiency and 

unique selectivity. It has been proposed that the 

benzotriazole derivatives have the effect on cancer 

development [5].  Sparatore and Sparatore reported 

that 2-(4-(Dialkyl amino alkoxy) phenyl) 

benzotriazoles and N-oxides works as thromboxane 

A2 antagonists and as hypocholesterolemic agents, 

platelet aggregation inhibitors [6], where as 

benzotriazole carboxylic acid or ester derivatives 

were found to be effective in the treatment of 

metabolic related disorders including 

atherosclerosis, coronary heart disease and type 2 

diabetes [7]. Biagi et al. [8] reported that 5-

(substituted) benzotriazoles and triazolyl 

benzotriazoles as potential potassium channel 

activators. 

The ultrasound irradiation technique has been 

increasingly used in organic synthesis for last three 

decades.  A large number of organic reactions have 

been carried out in higher yield, shorter reaction 

time and milder condition under ultrasound 

irradiation [9-12].  It is well known that ultrasonic 

irradiation to a liquid phase reaction accelerates the 

chemical reaction and creates a special reaction 

field for the preparation of various materials [13-

16].  

There is a growing awareness that the design of 

synthetic or chemical processes should follow the 

basic principles of green chemistry to reduce risks 

to humans and the environment [17-18].  Large-

scale use of organic solvents in synthesis causes 

environmental hazards [19].  There were several 

advantages of performing syntheses in solvent-free 

media, such as, short reaction time, increased 

safety, and low cost [19-21].  Recently, a few 

papers reported modern synthetic protocols where 

solvent-less condition have been used [22-24]. 

Finally, herein we wish to report the anti-bacterial 

activity of some newer 1,2,3 – benzotriazole 

derivatives synthesized by ultrasonication in 

solvent – free conditions. 

EXPERIMENTAL 

Reagents of analytical grade were used in the 

synthesis. The reactions under ultrasonic irradiation 

were carried out at room temperature in a 40 ml 

glass reactor.  An UP 400S ultrasonic processor 

equipped with a 12 mm wide and 140 mm long * To whom all correspondence should be sent: 

E-mail: doctornadh@yahoo.co.in 

© 2014 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria 
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probe was immersed directly into the reaction 

mixture.  The operating frequency was 24 KHz and 

the output power was 220 W through manual 

adjustment. The melting points of synthesized 

derivatives were determined by using an 

Electrothermal 9100 digital melting point apparatus 

and were uncorrected.  The structures of 

synthesized derivatives were elucidated by spectral 

studies.   Spectroscopic data were recorded on the 

following instruments: Perkin Elmer 1600 series 

Fourier Transformer – Infrared Spectrophotometer 

in KBr - Pellet method; 1H NMR, Bruker 400 MHz 

NMR spectrometer (Bruker Bioscience, Billerica, 

MA, USA) in MeOD using TMS as internal 

standard. 

Scheme for the synthesis of the compounds: 

After suitable modifications to the classical 

synthesis carried out by other workers [25-27], 

sixteen new benzotriazole derivatives were 

synthesized under green conditions (viz., 

ultrasonication and solvent free conditions) by the 

addition of diazotization step (as shown in the 

scheme). Anti – bacterial activity by Disc Diffusion 

Method and MIC for Bacteria: All the synthesized 

compounds of present study were screened for in-

vitro anti bacterial activity against five different 

strains of bacteria i.e. Gram negative organism 

(Pseudonomous aureginosa MTCC – 1035) and 

Gram positive organisms (Bacillus cereus MTCC – 

430, Bacillus subtilis MTCC – 441, Staphylococcus 

aureus MTCC – 737 and Staphylococcus 

epidermidis MTCC – 3086) by paper disc diffusion 

method [28].    Cotrimoxazole and Cephotaxime 

were used as reference drugs for bacteria.  An 

additional control disc without any sample but 

impregnated with an equivalent amount of solvent 

(DMSO) was also used. The Minimum Inhibitory 

Concentration (MIC) study was carried out at 

different concentrations of the synthesized 

compounds such as 15.625, 31.25, 62.5 µg/ml. 

RESULTS AND DISCUSSION 

Antibacterial activity can be enhanced by 

addition of aromatic rings / moieties / substituents 

to the basic structures. Hydrophobic molecules with 

rigid, planar structures such as aromatic rings have 

been shown to have the ability to insert into 

membranes of microbes and induce localized 

permeability changes leading to leakage out of the 

membrane leading to their death [29]. Earlier 

reports revealed that para substituted phenyl 

compounds containing electron withdrawing groups 

were found to be more active against microbes [30, 

31].  The introduction of the schiff’s base moiety 

enhanced the antibacterial activity of aromatic 

compounds [32]. Hence, newer 1,2,3-benzotriazole 

derivatives containing schiff’s base with electron 

withdrawing substituted phenyls at para position 

were synthesized by ultrasound activation in 

solvent – free condition (with moderate to good 

yields in the range of 71 – 82%) and tested for their 

antibacterial activity.  

Characterization of newer 1,2,3 – benzotriazole 

derivatives: The synthesized derivatives were 

characterized by following methods. 

A. Melting Point: Melting points of the 

synthesized derivatives were determined by an 

open-end capillary tube method and were 

uncorrected. Molecular formulae, molecular 

weights, melting points and yields of the 

synthesized derivatives were given in Table 1. 
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2

3 4
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      Step - D 

   (Diazotization)  

   

Diazonium salts

   

5 A - P

     Scheme of Synthesis

          5A – D: Ar = C6 H5 ; 5E – H: Ar = C 4 H3 O ;  5 I – L: Ar = C6 H4 NO2 and  5M – P: Ar = C6 H4 Cl

5A, E, I, M: X = C6 H5 ; 5B, F, J, N: X = C6 H4 NO2 ; 5C, G, K, O: X =  C6 H4 Cl and  5D, H, L, P: X =  C6 H4 Br

        

                                                                  Note: US = Ultrasonication         
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Table – 1. Physical data of synthesized 1,2,3 – benzotriazole derivatives. 

 S. 

No. 

Compound 

 Code 

Molecular 

Formula 

Molecular 

Weight 

Melting 

Point (0C) 

Yield 

( %) 

1. 5 A C20 H15 N7 O 369.4 99 82 

2. 5 B C20 H14 N8 O3 414.4 96 79 

3. 5 C C20 H14 Cl N7 O 403.8 99 81 

4. 5 D C20 H14 Br N7 O 448.3 98 82 

5. 5 E C18 H13 N7 O2 359.3 88 79 

6. 5 F C18 H12 N8 O4 404.3 93 72 

7. 5 G C18 H12 Cl N7 O2 393.8 95 73 

8. 5 H C18 H12 Br N7 O2 438.2 97 72 

9. 5 I C20 H14 N8 O3 414.4 101 71 

10. 5 J C20 H13 N9 O5 459.4 102 79 

11. 5 K C20 H13 Cl N8 O3 448.8 99 75 

12. 5 L C20 H13 Br N8 O3 493.3 103 77 

13. 5 M C20 H14 Cl N7 O 403.8 80 72 

14. 5 N C20 H13 Cl N8 O3 448.8 82 77 

15. 5 O C20 H13 Cl2 N7 O 438.3 100 82 

16. 5 P C20 H13 Br Cl N7 O 482.7 95 81 

B. Infra – Red and 1H NMR spectral analysis:

The synthesized derivatives were characterized by 

FTIR and 1H NMR values measured in cm-1 and δ 

(ppm) respectively.  The data was interpreted with 

reference to standard values [33, 34] and given 

below for some of the synthesized compounds.  

 1-(1H-benzo[d][1,2,3]triazole-1-carbonyl)-

3,5-diphenylformazan (5A): 

IR (KBr, cm-1): 1696.66 (Ar  C = C, stretch);  

1603.37 (N = N, stretch), 1542.28 (N – H, stretch), 

1256.37 (Aryl C – N, stretch), 1007.57 (Aniline C – 

N, stretch) and 737.28 (CHO – deformation); 1H 

NMR (400 MHz) (MeOD)  δ (ppm): 3.33 (1H, s, 

N-H), 7.06 (1H, d, C-H), 7.33 (2H, d, C-H), 7.40 

(2H, d, C-H), 7.45 – 7.48 (2H, m, C-H), 7.56 – 7.59  

(3H, m, C-H), 7.83 (2H, d, C-H) and 7.96 (2H, d, 

C-H). 

 1-(1H-benzo[d][1,2,3]triazole-1-carbonyl)-

5-(4-nitrophenyl)-3-phenyl formazan (5B): IR 

(KBr, cm-1): 1698.47 (Ar C = C, stretch);  1593.99 

(N = N, stretch), 1495.50 (Ar – NO2, stretch), 

1301.09 (Aryl C – N, stretch), 1206.78 (Aniline C – 

N, stretch), 843.07 (p – disubstitution, stretch) and 

739.50 (CHO – deformation); 1H NMR (400 MHz) 

(MeOD)  δ (ppm): 3.20 (1H, s, N-H), 7.18 (2H, d, 

C-H), 7.40 (2H, d, C-H), 7.52 – 7.59  (3H, m, C-H), 

7.83 (2H, d, C-H), 7.96 (2H, d, C-H) and 8.10 (2H, 

d, C-H).   

 1-(1H-benzo[d][1,2,3]triazole-1-carbonyl)-

5-(4-chlorophenyl)-3-(furan-2-yl) formazan (5G): 

IR (KBr, cm-1): 3649.31 (Amide –  CONH, stretch),  

1594.63 (N = N, stretch), 1485.68 (Furan Ring, C = 

C, stretch), 1206.43 (Aniline C – N, stretch), 

1007.96 (C – O – C, stretch), 820.27 (p – 

disubstitution, stretch),  740.62 (CHO deformation, 

stretch) and 539.68 ( C – Cl); 1H NMR (400 MHz) 

(MeOD)  δ (ppm): 3.33 (1H, s, N-H), 6.52 (1H, 

m, Furan C-H), 6.54 (1H, d, Furan C-H), 7.0 (1H, s, 

N-H), 7.27 (2H, d, C-H), 7.40 (2H, d, C-H), 7.49 

(2H, d, C-H), 7.75 (1H, d, Furan C-H) and 7.96 

(2H, d, C-H). 

 1-(1H-benzo[d][1,2,3]triazole-1-carbonyl)-

5-(4-bromophenyl)-3-(furan-2-yl)formazan (5H): 

IR (KBr, cm-1): 3652.10 (Amide –  CONH, stretch),  

1722.17 (Furan Ring, stretch), 1622.31 (N = N, 

stretch), 1511.18 (Ar C = C, stretch),  1457.07 

(Furan Ring C = C, stretch), 1202.93 (Aniline C – 

N, stretch), 1005.36 (C – O – C, stretch), 875.16 (p 

– disubstitution, stretch), 773.52 (CHO 

deformation, stretch) and 515.35 (C – Br, stretch); 
1H NMR (400 MHz) (MeOD)  δ (ppm): 3.20 (1H, 

s, N-H), 6.52 (1H, m, Furan C-H), 6.54 (1H, d, 

Furan C-H), 7.0 (1H, s, N-H), 7.22 (2H, d, C-H), 

7.40 (2H, d, C-H),  7.75 (1H, d, Furan C-H), 7.76 

(2H, d, C-H) and 7.96 (2H, d, C-H). 

 1-(1H-benzo[d][1,2,3]triazole-1-carbonyl)-

3-(4-chlorophenyl)-5-phenyl form--azan (5M): IR 

(KBr, cm-1): 3650.62 (Amide – CONH), 1706.94 

(Ar, C = C, stretch), 1593.76 (N = N, stretch), 

1513.71 (N – H, stretch), 1264.35 (Aryl C – N, 

stretch), 1204.85 (Aniline C – N, stretch), 820.56 (p 

– disubstitution, stretch), 772.75 (CHO – 

deformation, stretch) and 605.30 (C – Cl, stretch); 
1H NMR (400 MHz) (MeOD)  δ (ppm): 3.3 (1H, 

s, N-H), 7.06 (1H, d, C-H), 7.33 (2H, d, C-H), 7.40 

(2H, d, C-H), 7.45 (2H, d, C-H), 7.52 (2H, d, C-H),  

7.77 (2H, d, C-H) and 7.96 (2H, d, C-H).  

 1-(1H-benzo[d][1,2,3]triazole-1-carbonyl)-

3,5-bis(4-chloro- phenyl) formazan (5O): IR (KBr, 

cm-1): 1710.45 (Ar, C = C, stretch), 1593.50 (N = 

N, stretch), 1486.45 (N – H, stretch), 1256.86 (Aryl 

C – N, stretch), 1143.95 (Aniline C – N, stretch), 

827.70 (p – disubstitution, stretch), 773.01 (CHO – 

deformation, stretch) and 620.81 (C – Cl, stretch);  
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Table 2.  Anti – bacterial activity of 1,2,3 – benzotrtiazole derivatives. 

S.No. 

 

Compound 

Code 

 

Anti – bacterial activity (in mm)* 

For disks soaked in 100µg/ml solutions of compounds 

Pseudonomous 

aureginosa 

MTCC – 1035 

Bacillus 

cereus 

MTCC – 

430 

Bacillus 

subtilis 

MTCC – 

441 

Staphylococcus 

aureus 

MTCC – 737 

Staphylococcus 

epidermidis 

MTCC – 3086 

1. 5 A 10.9 9.0 7.0 -- -- 

2. 5 B 14.6 10.0 7.0 9.5 -- 

3. 5 C 8.2 11.0 9.0 11.9 -- 

4. 5 D 7.4 10.0 8.0 -- 10.7 

5. 5 E 6.0 10.0 -- -- 9.2 

6. 5 F 6.8 9.6 15.0 17.1 9.7 

7. 5 G 7.0 7.3 7.0 -- 8.0 

8. 5 H -- 8.0 9.5 -- 11.9 

9. 5 I -- 19.9 10 9.6 15.1 

10. 5 J 8.7 9.0 25 10.4 12.6 

11. 5 K -- 11.4 18 -- 8.7 

12. 5 L 8.1 10.4 8.0 -- -- 

13. 5 M 7.8 9.5 7.0 7.1 -- 

14. 5 N -- 12.7 8.0 -- -- 

15. 5 O 7.5 17.5 9.0 8.5 -- 

16. 5P 6.7 12.4 -- 12.1 8.4 

 Cotrimoxazole, -- 10.7 3.3 18 21.8 

 Cephotaxime 22 -- -- -- -- 

 

Control 

(10%DMSO 

In Methanol) 

-- -- -- -- -- 

(--) indicates No zone of inhibition and * indicates average of triplicate
1H NMR (400 MHz) (MeOD)  δ (ppm): 3.3 (1H, 

s, N-H), 7.27 (2H, d, C-H), 7.40 (2H, d, C-H), 7.49 

(2H, d, C-H), 7.52 (2H, d, C-H), 7.77 (2H, d, C-H) 

and 7.96 (2H, d, C-H).   

C. Anti bacterial assay of synthesized 

derivatives: The zones of inhibitions (mm) of tested 

compounds against bacterial strains were shown in 

Table 2 and the experimental result indicated 

variable degree of efficacy of the compounds 

against different strains of bacteria. Poor activity 

was shown by 5B, 5A, 5J, 5C and 5L (zone 

diameters 14.6, 10.9, 8.7, 8.2 and 8.1mm 

respectively) against Gram positive bacteria 

(Pseudonomous aureginosa, MTCC – 1035) 

compared to the reference compound – 

Cephotaxime (zone diameter 22 mm), whereas 5H, 

5I, 5K and 5N were completely ineffective.   

Exceptionally high antibacterial activity was 

shown by 5J (zone diameter-25mm, i.e., 7.5 fold 

activity) against the Gram negative bacteria – 

Bacillus subtilis (MTCC – 441) in comparison to 

the reference compound Cotrimoxazole (zone 

diameter-3.3mm), which can be attributed to the 

nitro substitution on phenyl groups that were 

attached to cyano and azo groups.  The nitro group 

affects the charge distribution which confers 

significant improvement in biological effect. The 

enhanced inhibition observed in the presence of 

nitro group is then more likely due to its interaction 

with some intracellular target. The presence of a 

strong electron-withdrawing group must alter the 

nature of the compound in such a way as to 

promote binding to the target(s) [35]. Even in 

earlier reports, p-nitro substitution on phenyl group 

displayed high activity against B. subtilis in the 

case of benzotriazole substituted carboxamides [36] 

and phenyl methanamine [37]. Other compounds 

(5A, 5B, 5C, 5D, 5F, 5G, 5H, 5I, 5K, 5L, 5M, 5N, 

5O) have shown 5.5 to 2.0 fold activity compared 

to the reference compound Cotrimoxazole, where 

as 5E and 5P were inactive. 

Compounds 5I and 5O have shown 1.8 and 1.6 fold 

activity respectively against Bacillus cereus 

(MTCC – 430) compared to the reference 

compound – Cotrimoxazole, where as all other 

synthesized compounds were as good as 

Cotrimoxazole. Better activity of compound 5O 

might be due to the attachment of chloro phenyl to 

azo and cyano groups. This result suggested that the 

introduction of halogen substituent increased the 

hydrophobicity of the synthesized compounds and 

lead to the increase of the antibacterial activity [38].  

Electron withdrawing groups like halogens will 

increase bactericidal potential. According to 

Rajendra Prasad et al [39], designing the 

compounds bearing electron withdrawing  
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Table 3. Minimum Inhibitory Concentrations for Bacteria (µg/ml) 

S. 

No. 

Compound 

Code 

 

Pseudonomous 

aureginosa 

MTCC – 1035 

Bacillus 

cereus 

MTCC – 

430 

Bacillus 

subtilis 

MTCC – 

441 

Staphylococcus 

aureus 

MTCC – 737 

Staphylococcus 

epidermidis 

MTCC – 3086 

1. 5 A 62.5 31.25 31.25 -- -- 

2. 5 B 62.5 62.5 62.5 31.25 -- 

3. 5 C 62.5 62.5 31.25 31.25 -- 

4. 5 D 31.25 62.5 62.5 -- 62.5 

5. 5 E 62.5 15.625 -- -- 15.625 

6. 5 F 62.5 31.25 62.5 62.5 62.5 

7. 5 G 62.5 62.5 15.625 -- 62.5 

8. 5 H -- 62.5 62.5 -- 62.5 

9. 5 I -- 62.5 62.5 15.625 31.25 

10. 5 J 31.25 62.5 31.25 62.5 62.5 

11. 5 K -- 62.5 62.5 -- 31.25 

12. 5 L 31.25 62.5 31.25 -- -- 

13. 5 M 62.5 62.5 62.5 62.5 -- 

14. 5 N -- 31.25 62.5 -- -- 

15. 5 O 62.5 62.5 62.5 62.5 -- 

16. 5 P 62.5 31.25 -- 62.5 62.5 

substituents and with high degree of binding 

linearity with groups those results in high molecular 

weights increases antibacterial activity. 

  Compounds 5A, 5D, 5E, 5G, 5H, 5K, 5L and 

5N were inactive against Staphylococcus aureus 

(MTCC – 737), whereas 5B, 5C, 5F, 5I, 5J, 5M, 5O 

and 5P have shown approximately half of the 

activity compared to the reference compound – 

Cotrimoxazole. 5A, 5B, 5C, 5L, 5M, 5N and 5O 

were inactive, where as 5D, 5E, 5F, 5G, 5H, 5I, 5J 

and 5K have shown in the order of half of the 

activity against Staphylococcus epidermidis 

(MTCC – 3086) compared to the reference 

compound – Cotrimoxazole. 

The Minimum Inhibitory Concentrations (MIC) 

of the synthesized 1,2,3-benzotriazole derivatives 

for bacteria were shown in Table 3 and found to be 

62.5 µg / ml for most of the synthesized 

compounds. 

CONCLUSIONS 

Excellent antibacterial activity was shown by all the 

synthesized compounds except 5E and 5P, against 

the Gram negative bacteria – Bacillus subtilis 

(MTCC – 441) compared to the reference 

compound - Cotrimoxazole.  All the synthesized 

compounds have shown comparable antibacterial 

activity to the reference compound – 

Cotrimoxazole against Bacillus cereus (MTCC – 

430).  Against Staphylococcus aureus (MTCC – 

737) and Staphylococcus epidermidis (MTCC – 

3086) some of the compounds were inactive and 

other were feebly active.   In the case of 

Gram positive bacteria (Pseudonomous aureginosa, 

MTCC – 1035), the activity shown by the 

synthesized compounds was not significant 

compared to the reference compound – 

Cephotaxime.  The Minimum Inhibitory 

Concentrations (MIC) of the most of the 

synthesized 1,2,3-benzotriazole derivatives for 

these bacteria was found to be 62.5 µg / ml. 

Finally in conclusion, 1,2,3 – benzotriazole 

derivatives synthesized under solvent-free and 

ultrasound irradiation with noteworthy advantages 

viz., shorter reaction times, operational simplicity, 

simple work-up, and eco-friendly nature, have 

shown anti bacterial activities against selected 

Gram negative organisms. 
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АНТИБАКТЕРИАЛНА АКТИВНОСТ НА НЯКОИ НОВИ ПРОИЗВОДНИ НА 1,2,3 – 
БЕНЗОТРИАЗОЛА, СИНТЕЗИРАНИ ПРИ УЛТРАЗВУКОВО ВЪЗДЕЙСТВИЕ БЕЗ 

РАЗТВОРИТЕЛИ 
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(Резюме) 

    Много класически методики за синтези генерират големи количества отпадъци. Химичната и 

фармацевтичната индустрии са под нарастващия натиск да минимизират и дори да избягват тези  отпадъци. В 

настоящата работа се съобщава за синтезирането на нови производни на 1,2,3–бензотриазола при ултразвуково 

въдействие и без използването на разтворители. Нови “1–(1H–бензо[d][1,2,3]триазол–1–карбонил)-ови 

производни (5A – 5P) са синтезирани от “1H–бензо[d][1,2,3]триазол” (1) оптимизирайки условията на 

реакцията. Получените продукти са изолирани и охарактеризирани чрез спектрални методи. Антибактериалната 

активност на тези съединения е изследвана in vitro спрямо различни бактериални Грам-отрицателни щамове 

(Pseudonomous aureginosa, MTCC – 1035) and Gram positive organisms (Bacillus cereus, MTCC – 430, Bacillus 

subtilis, MTCC – 441, Staphylococcus aureus, MTCC – 737, Staphylococcus epidermidis, MTCC – 3086). Някои от 

синтезираните съединения показват значителна активност спрямо различни бактерии. 
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In this work, the Fe(II), Cu(II) and Zn(II) complexes of the 4-(2-thiazolylazo) resorcinol (TAR) ligand were 

characterized theoretically. Their optimized geometries and theoretical vibrational frequencies were computed using the 

density functional theory (DFT), where the B3LYP functional was employed. In the structures of octahedral complexes, 

the deprotonated TAR (TAR-) acts as an anionic tridentate ligand via azo nitrogen, thiazolyl nitrogen and phenolic O-. 

In the octahedral complexes, the two TAR- ligands are roughly perpendicular to each other. The Cu(TAR)2 complex is 

predicted to exhibit the Jahn-Teller distortion.  

Keywords: Density functional theory; IR Assignment; Azo-compound; 4-(2-Thiazolylazo) resorcinol; Geometry 

optimization  

1. INTRODUCTION 

Due to interesting applications in optical data 

storage, photoswitching, photochromic materials, 

dyes and pharmaceuticals, the azo compounds have 

attracted much attention [1-5]. Among the azo 

compounds, 4-(2-thiazolylazo) resorcinol (TAR) is 

a well-known chelating reagent in acid-base 

titrations [6], separation of trace metal ions from 

food and environmental samples [7,8], and 

spectrophotometric determination of metal ions [9]. 

Now, theoretical investigations are applicable in 

many areas of chemistry, such as kinetics and 

mechanism investigations of the reactions, 

spectroscopic assignments, characterization of 

molecular structures, and so on [10-17]. They 

could, at the same time, be considered as 

complementary to or replacing experimental 

methods. 

Many metal complexes of TAR have been 

synthesized [7,9,18-20]. Recently, Karipcin et al. 

[21], have synthesized the M(TAR)2 complexes of 

TAR, where M is Fe(II), Cu(II) and Zn(II). But as 

we know, no crystal structure has been reported for 

these complexes. In this work, we have 

theoretically investigated the geometrical structures 

of the complexes. Comparison of the theoretical 

and experimental vibrational frequencies was used 

as an evidence for the suitability of the optimized 

geometries. This method is frequently used for 

identification of chemical compounds [16,17,22]. 

The assignment of the IR bands of the studied 

complexes can be useful in identification of similar 

compounds.  

2. THEORETICAL METHODS 

All calculations were performed with the 

Gaussian 03 software package [23] by using the 

B3LYP hybrid functional [24] and the 6-31+G(d,p) 

basis set. First, all degrees of freedom were 

optimized for all the geometries.  

The optimized geometries of the complexes 

were confirmed to have no imaginary frequency of 

the Hessian. Then, the gas phase optimized 

geometries were used to compute their vibrational 

frequencies. The DFT vibrational frequencies are 

higher than the experimental ones [17,22], which 

can be corrected by applying the scaling of 

frequencies. Here, the scale factor of 0.9614 was 

used for the calculated frequencies [22]. 

3. RESULTS AND DISCUSSION 

3.1. Geometry optimization 

Here, geometries of the deprotonated TAR 

(TAR-) ligand and its M(TAR)2 complexes (M= 

FeII, CuII and ZnII) were fully optimized in the gas 

phase. In Table 1, some of the calculated structural 

parameters are listed, which are in good agreement 

with the corresponding values reported for similar 

compounds [7,9,18-20].  

The TAR first loses its phenolic proton, which is 

bonded to the O2 atom. The optimized geometry of 

the obtained anionic TAR- species is shown in Fig. 

1. As seen, the geometry of TAR- is not planar, but 

the benzene and thiazolyl rings make a dihedral 

angle of approximately 50° with each other. 

Although, each of the benzene and thiazolyl rings is 

planar. For example, the C2-C6-C9-C8 dihedral 

angle is 49.1° (Fig. 1 and Table 1). * To whom all correspondence should be sent: 

E-mail: beiramabadi@yahoo.com 
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Fig. 1. The B3LYP/6-31+G(d,p) optimized structures of the TAR- ligand. 

 
Fig. 2. The B3LYP/6-31+G(d,p) optimized structures of the M(TAR)2 complexes, where M=Fe(II), Cu(II) and Zn(II). 

In the structures of the complexes, the TAR- 

species acts as a tridentate anionic ligand, which 

has an N,N,O- binding mode. The optimized 

geometries of the Fe, Cu and Zn complexes are 

shown in Fig. 2 and their structural parameters are 

gathered in Table 1. In the optimized geometries of 

the complexes, the coordinated TAR- is more planar 

than its free form. The dihedral angles N2-C9-S1-

C7 and C2-C6- C9-C8 confirm this conclusion 

(Table 1). 

The two TAR- ligands, bonded to the central 

metal, fill six coordination positions of the 

octahedral complex. In the optimized geometries of 

the complexes, the TAR- ligands are roughly 

perpendicular to each other, and form a dihedral 

angle of approximately 80.0° with each other. 

The calculated structural parameters (Table 1) 

provide confirmation of the Jahn-Teller effect in the 

octahedral Cu(II) complex, which lengthens the 

equatorial bonds (Cu-N6 and Cu-O4) and shortens 

the axial bonds of a tetragonally distorted Cu(II) 

complex in comparison with the Fe and Zn 

complexes. In this way, the Cu-O4 bond is longer 

than the Cu-O2 bond, while the Cu-N3 bond is 

shorter than the Cu-N6 one. 

As expected, the C3-O1 and C12-O2 bond 

lengths are 136 pm, which corresponds to a single 

C-O bond. The C5-O2 and C14-O4 bond lengths 

are 127 pm, corresponding to a C=O double bond. 

3.2. Vibrational spectroscopy 

Theoretical description of vibrational spectra is 

of practical importance for the identification of 

compounds. Here, the IR spectra of the M(TAR)2 

complexes were characterized theoretically. In 

Table 2, the selected vibrational wavenumbers 

computed by the B3LYP/6-31+G(d,p) approach are 

listed.   

Overlapping of stretching vibrations of the O-H 

bonds with the C-H stretching modes leads to band 

broadening in the 3600-2000 cm-1 spectral region of 

the IR spectra [17, 25-29]. The deconvolution of 

this region is given in Table 2. In all IR spectra, the 

most intensive band is related to the stretching 

vibrations of the phenolic O-H bonds. 

An important diagnostic for coordination of the 

azo and Schiff-base ligands is the energy value of 

the very intensive band in the 1660-1500 cm-1 

region of the IR spectra [17,21,25-28]. By 

coordination, the symmetrical stretching modes of 

S.A. Beyramabadi: DFT study on the Fe, Cu and Zn complexes of 4-(2-thiazolylazo) resorcinol 
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C=N bonds shift to lower energy by 33 cm-1 in comparison with the free TAR ligand (1513 cm-1) 

Table 1. Selected structural parameters of the TAR- ligand and its M(TAR)2 complexes. 

 TAR- 
M 

Fe Cu Zn 

Bond length (PM)     

O1-H4 96.6 96.7 96.7 96.7 

O1-C3 138.3 136.2 136.1 136.1 

C3-C4 136.8 138.3 137.8 137.9 

C5-C6 148.9 145.2 146.5 146.9 

C6-N1 135.6 135.5 134.7 134.3 

N1-N2 129.5 130.8 129.6 129.6 

C9-N2 136.8 136.7 137.2 137.8 

C9-N3 132.1 133.5 132.4 132.5 

C8-N3 136.9 137.1 136.9 137.2 

C7-C8 136.9 136.6 136.8 136.7 

C7-S1 174.6 174.4 174.0 174.0 

C5-O2 124.7 128.4 127.1 127.5 

O2-N1 277.8 258.4 266.1 266.1 

M- O2 - 215.9 213.7 212.5 

M- O4 - 215.9 218.0 212.5 

M- N1 - 215.5 202.0 220.5 

M- N3 - 225.6 225.7 230.3 

M- N4  215.4 202.9 220.5 

M- N6 - 227.2 232.0 230.3 

M- N2 - 306.8 292.5 310.5 

Angle (°)     

C1-C2-C3 118.8 119.5 119.5 119.3 

O2-C5-C6 124.1 119.6 120.9 121.3 

C1-C6-N1 125.2 127.0 125.2 125.9 

C5-C6-N1 115.1 111.4 113.6 113.0 

C6-N1-N2 126.7 122.6 122.3 122.6 

N1-N2-C9 126.4 107.5 111.2 110.1 

N2-C9-N3 130.3 123.4 125.9 126.5 

N2-C9-S1 115.7 122.9 120.1 119.5 

C9-S1-C7 88.9 89.2 88.9 89.1 

C7-C8-N3 117.4 115.1 115.6 115.6 

O2-M-O4 - 91.0 96.7 99.1 

O2-M-N1 - 82.8 79.5 75.8 

O2-M-N3 - 148.2 154.5 146.6 

O2-M-N4 - 162.0 99.1 108.7 

O2-M-N6 - 90.9 91.3 93.5 

N1-M-N4 - 177.6 178.0 173.4 

N1-M-N3 - 79.2 75.3 70.9 

N1-M-N6 - 102.5 106.8 104.4 

N1-M-O4 - 102.3 102.1 108.6 

Dihedral angle (°)     

O1-C3-C4-C5 179.8 -179.8 -179.9 -179.8 

O2-C5-C6-N1 -9.2 -0.2 -0.5 -0.3 

C6-N1-N2-C9 -28.5 178.1 -179.9 -179.9 

N2-C9-S1-C7 170.1 179.8 180.0 179.9 

S1-C7-C8-N3 0.7 0.1 0.2 0.2 

C2-C6- C9-C8 -49.1 177.0 179.8 179.9 

M-O2-N1-N3 - 0.2 3.4 2.0 

O2- M-N4-N6 - 89.9 88.9 87.3 

N3-O2- M-N4  178.9 -172.6 -171.1 

C6-C9-C15-C18 - 80.8 -86.9 80.0 

C3-C6-C15-C12 - -74.0 -76.0 -79.6 

C7-C9-C16-C18 - 80.2 87.8 81.2 
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Table 2. Some calculated IR vibrational frequencies (cm-1) of the Fe, Cu and Zn complexes of TAR. 

TAR Fe Cu Zn Vibrational assignment 

418(89) 422(94) 428(77) 429(95) δop(-OH) 

- 496(30) 500(14) 496(11) υ(M-N) 

- 516(58) 513(43) 519(56) υasym(M-O) 

- 527(34) 516(55) 520(52) υsym(M-O) 

1016(33) - - - δop(N1-H5) 

1140(376) 1135(467) 1136(428) 1136(468) υ(C9-S1) 

1186(243) 1199(202) 1198(218) 1198(291) υ(C-O)phenolic 

1338(112) 1340(616) 1349(842) 1345(751) υasym(N2-C9-N3) + υ asym(C7-C8-N3) 

1452(945) 1405(271) 1405(274) 1409(359) υ(N-N) 

1513(60) 1476(76) 1472(232) 1479(194) υ(C-N) 

1617(324) 1521(135) 1528(34) 1524(337) υ(C5-O2) 

1569(177) 1592(486) 1589(935) 1591(1024) υ(C-C) benzene 

3053-3078(11,3) 3069-3104(14,6) 3068-3106(14,8) 3068-3103(14,7) υ(C-H) benzene 

3080(12) 3113(8) 3113(8) 3112(10) υ(C-H) thiazolyl ring 

3100(115) - - - υ(N1-H5) 

3660(133) 3667(126) 3666(125) 3666(122) υ(O-H) phenolic 

The intensity of each absorption is shown in parentheses in front of its computed frequency.  

δop= out-of-plane-rotational vibration. 

 

Computed values suggested that the stretching 

C5-O2 and C14-O4 vibrations appear as a strong 

band in the IR spectra at 1550-1500 cm-1, while the 

C3-O1 and C12-O3 stretching vibrations appear as 

a strong band at energies lower by 250 cm-1. This is 

in agreement with their C=O double bond and C-O 

single bond characteristics, respectively. By 

complexation, the υ(C5-O2) and υ(C14-O4) bands 

shift to lower energies in comparison with the free 

TAR ligand. 

An intensive band at about 1140 cm-1 in the IR 

spectra of the ligand and complexes is attributed to 

the stretching vibration of the C-S bonds (Table 2). 

The presented vibrational assignments can be used 

for analysis of similar compounds, helping to 

explain their vibrational behaviour. 

4.  CONCLUSIONS 

In this work, the optimized geometries and IR 

vibrational frequencies of the Fe(II), Cu(II) and 

Zn(II) complexes of the TAR ligand were 

calculated by the DFT method. All complexes are 

octahedral, where the two TAR- act as anionic 

tridentate ligands. The ligands coordinate to the 

metal ions via the thiazolyl N atom, azo N atom and 

the deprotonated phenolic O-.  

The free TAR- ligand is not planar. However, it 

is more planar in the coordinated form. The two 

TAR- ligands are roughly perpendicular to each 

other. The Cu(II) complex exhibits Jahn-Teller 

distortion. 

The important vibrational modes of the TAR 

ligand and its complexes were assigned 

theoretically, which can be used for identification 

of similar compounds.  
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DFT-ИЗСЛЕДВАНЕ НА КОМПЛЕКСИТЕ НА ЖЕЛЯЗОТО, МЕДТА И ЦИНКА С 4-(2-

ТИАЗОЛИЛАЗО)РЕЗОРЦИНОЛ 

С. Али Бейрамабади 

Департамент по химия, Клон Машхад,Ислямски университет Азад, Машхад,Иран 

Постъпила на 23 август, 2012 г.; коригирана на 19 април, 2013 г. 

(Резюме) 

В настоящата работа са охарактеризирани теоретично комплексите на Fe(II), Cu(II) и Zn(II) с лиганди 

от 4-(2-тиазолилазо) резорцинол (TAR). Изчислени са тяхните оптимизирани геометрии и теоретичните 

вибрационни честоти с помощта на DFT-теорията при използването на B3LYP-функционал. В структурите на 

октаедричните комплекси депротонирания TAR (TAR-) действа като анионен тридентатен лигандчрез азо-

азотния атом, тиазолил-азотния атом и фенолния кислороден атом. В октаедричните комплекси двата TAR- 

лиганди са почти взаимно перпендикулярни. Предполага се комплексът Cu(TAR)2 да проявява Jahn-Teller 

отместваене.  
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Efficient and direct protocols for the preparation of some heterocyclic compounds such as benzo-2-pyrones and 

benzopyrazines in the presence of manganese (II) sulfate monohydrate (MnSO4
.H2O) as an inexpensive catalyst have 

been described. These novel methods are very cheap and they include some advantages, such as excellent yields, use of 

the safe catalyst and readily available starting materials, and simple work-up procedure.  

 

Keywords: MnSO4
.H2O; Benzo-2-pyrones, Benzopyrazine; Catalyst. 

  

INTRODUCTION 

Development of methods including preparation 

of heterocycles, which are naturally occurring 

products, is very significant. A number of 

heterocyclic compounds, such as benzo-2-pyrones 

[1] and benzopyrazines [2,3] are found in natural 

systems. 

Some of the substituted benzopyrazines 

(quinoxalines) have shown antibacterial [4] 

antifungal [5], anticancer [6], antitubercular [7] 

antileishmanial [8], and antimalarial activities [9]. 

For instance, actinomycin (Fig. 1), a substituted 

quinoxaline, inhibits the growth of gram positive 

bacteria and it is a blocking agent against various 

transplantable tumors [10]. Coumarin derivatives 

also possess diverse biological properties. For 

example, some polycyclic coumarins such as 

calanolides [11] isolated from Calophyllum genus, 

and others have shown potent anti-HIV activity 

[12]. Numerous coumarins have been also used as 

drug in contemporary medicine. As can be seen in 

Fig. 1, warfarin, acenocoumarol, and 

phenprocoumon are vitamin K antagonists which 

play anticoagulant role in treatment of 

thromboembolic disorders [13].  

Besides, some coumarins are used as additive 

in food and cosmetics [14], optical brighteners 

[15], and dispersed fluorescent and laser dyes 

[16]. Based on these properties, the synthesis of 

these heterocycles has attracted much attention of 

researchers [17-20]. In this work, in regard of 

some reports on the application of manganese (II) 

sulfate monohydrate in organic transformations,
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Fig. 1. Some biologically active coumarins and actinomycin. 
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we decided to introduce a new application of 

manganese (II) sulfate monohydrate as a Lewis 

acid catalyst in synthesis of some benzo fused 

heterocycles containing nitrogen and oxygen 

atoms. 

RESULTS AND DISCUSSION 

Recently, heterogeneous catalysts have gained 

much attraction, because they are generally 

inexpensive, easily available and they can 

conveniently be handled and separated from the 

reaction mixture, thus the experimental procedure 

would be simple and eco-friendly [21]. Also, 

establishing the reaction based on solvent-free 

conditions obviously reduce pollution, and bring 

down handling costs due to simplification of 

experimental procedure, work up technique and 

saving in labour. 

In 1883, Hans von Pechmann and Carl 

Duisberg found that phenols react with -ketonic 

esters in the presence of sulfuric acid, giving 

coumarin (benzo-2-pyrone) derivatives [22]. 

Generally, Pechmann condensation reaction is 

common method for the synthesis of coumarin 

derivatives, because it needs simple precursors. In 

addition, coumarins with substitution on either 

pyrone or bezene ring or both are affordable in 

good to excellent yield via the Pechmann 

condensation. In this study, we found that the 

Pechmann cyclocondensation of phenols 1 with -

ketoesters 2 in the presence of MnSO4
.H2O as an 

efficient catalyst produces the substituted 

coumarins 3 under thermal and solvent-free 

conditions (Scheme 1). 

To make optimized conditions, the synthesis of 

compound 3a was chosen as a model. As shown in 

Table 1, it can be concluded that the thermal-

assisted model reaction is efficiently carried out 

by adding catalytic amounts of MnSO4
.H2O (20 

mol%) in solvent-free conditions at 100 °C. It is 

noteworthy to not that in the absence of catalyst, 

the reaction didn’t proceed for a long reaction 

time (12 h) and also using excessive amounts of 

catalyst cannot improve the product yield.  

Table 1. The effect of catalyst amount on the synthesis 

of 3a at 1000C under solvent-free conditions. 

Entry 
Catalyst 

(mol%) 

Time 

(min) 
Yield a (%) 

1 - 720 - 

2 5 180 32 

3 10 180 66 

4 20 45 85 

5 30 45 84 
a Refers to isolated yields. 

After optimization of the reaction conditions, 

various phenols such as resorcinol, pyrogallol and 

phloroglucinol were successfully used for the 

efficient Pechmann reaction (catalyzed by 

MnSO4
.H2O) with different -ketoesters. A 

number of coumarins were obtained through this 

method in good yield and short reaction times 

(Table 2). 

The 1H NMR spectrum of 3a exhibited five 

sharp singlets identified as methyl ( = 2.49 ppm), 

olefinic pyrone ring ( = 5.83 ppm) and two OH 

group ( = 10.28, 10.51 ppm), protons. Two 

singlet signals ( = 6.15 ppm) and (= 6.24 ppm) 

correspond to the aromatic protons of benzene 

ring. The proton decoupled 13C NMR spectrum of 

3a showed 10 distinct resonances in accord with 

expected structure. A reasonable mechanism for 

manganese (II)-catalyzed Pechmann reaction has 

been proposed in Scheme 2.  

 

OH

G

R1 OEt

OO

+

(i): MnSO4
.H2O (20 mol%), solvent-free, 100 oC

O O

+   EtOHG

R1

1

2

3

R:Me, Ph
G: H, OH, Me

(i)

 
Scheme 1. Pechmann condensation catalyzed by MnSO4

.H2O. 
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Table 2. Synthesis of some coumarin derivatives based on Pechmann condensation using MnSO4
.H2O at 100 °C under 

solvent-free conditions 

Entry Product Time (min) Yield (%)a M.p. (°C) 

3a 

O OHO

OH Me

 

45 85 288-290 

3b 

O OHO

Me

 

60 80 188-190 

3c 
O O

Me

HO

OH  

45 85 243-245 

3d 

O O

Me

Me

OH

 

60 90 244-246 

3e 

O OHO  

100 75 257-259 

3f 

O OMe

OH

 

90 80 243-245 

3g 

O O

Me

MeO  

50 90 150-152 

                                                   aRefers to isolated yields. 
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Scheme 2. Suggested mechanism for the Pechmann reaction catalyzed by MnSO4. 

This manganese (II)-catalyzed protocol was also 

applied for the condensation reactions involving the 

treatment of o-phenylenediamines 4 and three 

different aromatic 1,2-dicarbonyls to produce 

bezopyrazines (quinoxalines and phenazines) 5-7 in 

excellent yield. In this case, synthesis of 5a was 

selected as a model and after optimization through 

employing several amounts of catalyst, it was found 

that the results was satisfactory by adding 

MnSO4
.H2O (10 mol%) in EtOH at room 
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Table 3. Synthesis of benzopyrazine derivatives using MnSO4
.H2O in EtOH at room temperature 

Entry Product Time (min) Yield (%)a  M.p. (°C) 

5a 
N

N

Cl

Cl  

35 95 192-194 

5b 

N

N

Cl

Cl

NO2

 

120 90 175-177 

6a 
N

N

 

15 90 238-240 

6b 
N

N Me

 

15 95 229-231 

7a 
N

N

 

12 98 225-227 

7b 
N

N Me

 

12 95 218-220 

a Identified by comparison with authentic samples.  b Refers to isolated yields. 
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Scheme 3. Synthesis of benzopyrazines by the use of MnSO4
.H2O. 
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Scheme 4: Suggested mechanism for the synthesis of phenazines and quinoxalines using MnSO4. 

temperature (Scheme 3). Although the generally 

mechanistic details of this reaction are not yet fully 

understood, a feasible pathway depicted in Scheme 

4. The driving force for all of these reactions is 

cyclo-aromatization. The catalyst has been applied 

successfully for the condensation of a variety of 

aromatic 1,2-dicarbonyl compounds with o-

phenylenediamines. The results can be seen in 

Table 3.  

It should be mentioned that the reaction of 

aliphatic 1,2-dicarbonyl compounds with o-

phenylenediamines in the presence of this catalyst 

was unsuccessful and after a prolonged reaction 

time, the TLC of the reaction mixture showed a 

combination of starting materials and numerous 

products. It seems that the alkyle aldehydes are 

enolizable and it is a limiting factor. 

EXPERIMENTAL 

General 

The chemicals were purchased from Merck, 

Fluka and Aldrich chemical companies. The 

reactions were monitored by TLC (silica-gel 60 

F254, hexane: EtOAc). IR spectra were recorded on 

a FT-IR Shimadzu-470 spectrometer and the 1H 

NMR spectra was obtained on a Bruker-Instrument 

DPX-400 and 500 Avance 2 model. 

General procedure for the preparation of  

coumarin 3 

A mixture of phenol 1 (1 mmol), -ketoesters 2 

(1 mmol) and MnSO4
.H2O (20 mol%) was stirred at 

100 °C for an appropriate time. After completion of 

the reaction (controlled by TLC), the reaction 

mixture was cooled to room temperature and 

poured into crushed ice. Then, the precipitate was 

separated through simple filtration, washed with ice 

cold water. The pure product 3, finally, was 

obtained after recrystallization from EtOH. 

Compound 3a: 1H NMR (400 MHz, DMSO-d6): 

δ 10.51 (s, 1H), 10.28 (s, 1H), 6.24 (s, 1H), 6.15 (s, 

1H), 5.83 (s, 1H), 2.47 (s, 3H). 13C NMR (100 

MHz, DMSO-d6): δ 161.51, 160.55, 158.39, 

155.43, 109.29, 102.55, 99.54, 94.98, 23.88. Anal. 

Calcd. For C10H8O4: C, 62.50; H, 4.20. Found: C, 

62.69, H, 4.15. 

Compound 3b: 1H NMR (500 MHz, CDCl3): δ 

7.49-7.47 (d, J=6.8 Hz), 6.85 (d, 1H, J=2 Hz), 6.82 

(dd, 1H, J=6.8, 2.4 Hz), 6.14 (s, 1H), 5.7 (s, 1H), 

2.35 (s, 3H). Anal. Calcd. For C10H8O3: C, 68.18; 

H, 4.58. Found: C, 68.36, H, 4.50. 

Compound 3c: 1H NMR (400 MHz, DMSO-d6): 

δ 10.15 (s, 1H), 9.30 (s, 1H), 7.08 (d, 1H, J=8.8 

Hz), 6.81 (d, 1H, J=8.8 Hz), 6.10 (s, 1H), 2.33 (s, 

3H). 13C NMR (100 MHz, DMSO-d6): 160.47, 

154.35, 149.81, 144.13, 143.74, 132.60, 115.88, 

113.23, 112.56, 110.60, 40.42, 40.21, 40.00, 39.79, 

39.58, 39.38, 39.17, 1863. Anal. Calcd. For 

C10H8O4: C, 62.50; H, 4.20. Found: C, 62.58, H, 

4.27. 

Compound 3d: 1H NMR (400 MHz, DMSO-d6): 

δ 10.52 (s, 1H), 6.60 (d, 2H), 6.03 (s, 1H), 3.49 (s, 

3H), 2.26 (s, 3H). 13C NMR (100 MHz, DMSO-d6): 

160.29, 156.90, 155.28, 155.04, 143.18, 112.37, 

112.30, 108.15, 106.96, 23.91, 21.56. Anal. Calcd. 

For C11H10O3: C, 69.46; H, 5.30. Found: C, 69.71, 

H, 5.25. 

Compound 3e: 1H NMR (400 MHz, DMSO-d6): 

δ 10.65 (s, 1H), 7.34 (s, 4H), 7.28, (s, 2H), 7.05 (d, 

1H, J=8.8 Hz), 6.56 (m, 2H). 13C NMR (100 MHz, 

DMSO-d6): 161.80, 160.77, 155.96, 135.52, 

130.07, 129.29, 128.79, 128.54, 113.68, 111.08, 

110.70. Anal. Calcd. For C15H10O3: C, 75.62; H, 

4.23. Found: C, 75.88, H, 4.18. 

Compound 3f: 1H NMR (400 MHz, DMSO-d6): 

δ 10.13 (s, 1H), 7.37 (m, 5H), 6072 (s, 1H), 6.47 (s, 

1H), 5.95 (s, 1H), 2.29 (s, 3H). 13C NMR (100 

MHz, DMSO-d6): 160.09, 156.05, 155.96, 155.91, 
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143.93, 139.75, 128.34, 127.92, 127.75, 113.88, 

112.52, 108.19, 105.44, 21.65. Anal. Calcd. For 

C16H12O3: C, 76.18; H, 4.79. Found: C, 76.25, H, 

4.82. 

Compound 3g: 1H NMR (400 MHz, DMSO-d6): 

δ 7.96 (s, 1H), 6.97 (s, 2H), 6.20 (s, 1H), 3.85 (s, 

3H), 2.39 (s, 3H). 13C NMR (100 MHz, DMSO-d6): 

δ 162.83, 160.59, 155.24, 153.86, 126.88, 113.66, 

112.54, 111.58, 101.16, 56.36, 18.58. Anal. Calcd. 

For C11H10O3: C, 69.46; H, 5.30. Found: C, 69.70, 

H, 4.17. 

General procedure for the preparation of 

benzopyrazines 5-7 

A mixture of 1,2-dicarbonyl compound (1 

mmol), o-phenylenediamine (1.1 mmol) and  

MnSO4
.H2O (10 mol%) in EtOH (5 mL) was 

stirred at room temperature. The progress of the 

reaction was monitored by TLC. After completion 

of the reaction, the solid was filtered and 

recrystallized from EtOH to afford the pure product 

5-7. 

Compound 5a: 1H NMR (400 MHz, CDC13): δ 

8.20 (m, 2H), 7.830 (m, 2H), 7.521 (m, 4H), 7.39 

(m, 4H). 13C NMR (500 MHz, CDC13): δ 152.34, 

141.67, 137.69, 135.78, 131.61, 130.79, 129.63, 

129.15. Anal. Calcd. For C10H8O4: C20H12Cl2N2: C, 

68.39; H, 3.44; N, 7.98. Found: C, 68.61; H, 3.40; 

N, 8.07. 

Compound 5b: 1H NMR (400 MHz, CDC13): δ 

9.08 (d, 1H, J=2.4 Hz), 8.58 (dd, 1H, J=9.2, 4 Hz), 

8.33 (d, 1H, J=9.2 H), 7.57-7.54 (m, 4H), 7.43-7.30 

(m, 4H). 13C-NMR (100 MHz, CDC13): δ 155.18, 

154.57, 148.53, 143.91, 140.40, 136.87, 136.72, 

136.67, 136.60, 131.66, 131.58, 131.20, 129.37, 

125.99, 124.08. Anal. Calcd. For C20H11Cl2N3O2: C, 

60.63; H, 2.80; N, 10.61. Found: C, 60.86; H, 2.70; 

N, 10.75. 

Compound 6a: 1H NMR (400 MHz, CDC13): δ 

8.21 (d, 2H, J=6.8 Hz), 8.02 (dd, 2H, J=6.2, 3.2 

Hz), 7.90 (d, 2H, J=8.4 Hz), 7.65 (t, 2H, J=7 Hz), 

7.57 (dd, 2H, J=6.4, 3.6 Hz); 13C NMR (100 MHz, 

CDC13): δ 155.19, 142.39, 137.60, 132.92, 131.10, 

130.47, 130.59, 130.36, 129.78, 122.96. Anal. 

Calcd. For C18H10N2: C, 85.02; H, 3.96; N, 11.02. 

Found: C, 85.15; H, 3.90; N, 10.96. 

Compound 6b: 1H NMR (400 MHz, CDC13): δ 

8.21 (t, 2H, J=6.4 Hz), 7.90 (dd, 3H, J=8.2 Hz, 3.2 

Hz), 7.79 (s, 1H), 7.64 (t, 2H, J=7.4 Hz), 7.40 (dd, 

1H, J=8.4, 1.6 Hz), 2.43 (s, 3H). 13C NMR (100 

MHz, CDC13): δ 155.15, 154.44, 142.38, 140.82, 

140.71, 137.35, 133.08, 132.44, 131.06, 130.46, 

130.31, 130.21, 129.89, 129.72, 122.83, 122.68, 

22.94. Anal. Calcd. For C19H12N2: C, 85.05; H, 

4.51; N, 10.44. Found: C, 85.24; H, 4.40; N, 10.12. 

Compound 7a: 1H NMR (400 MHz, CDC13): δ 

9.18 (d, 2H, J=7.6 Hz), 8.34 (d, 2H, J=8.0 Hz) 8.12 

(dd, 2H, J=6.4, 3.6 Hz), 7.66-7.51 (m, 6H); 13C 

NMR (100 MHz, CDC13): δ 143.54, 143.28, 

133.15, 131.42, 130.88, 130.57, 129.04, 127.38, 

124.03. Anal. Calcd. For C20H12N2: C, 85.69; H, 

4.31; N, 9.99. Found: C, 85.73; H, 4.33; N, 9.95. 

Compound 7b: 1H NMR (400MHz, CDC13): δ 

9.14 (dd, 2H, J=6.00, 1.6 Hz), 8.32 (2H, d, J=8 

Hz), 7.97 (1H, d, J=8.4 Hz), 7.58 (s, 1H), 7.53-7.52 

(m, 5H), 2.54 (s, 3H). 13C NMR (100 MHz, 

CDC13): δ 143.29, 143.27, 142.72, 141.81, 141.41, 

133.45, 133.06, 132.87, 131.49, 131.45, 131.20, 

131.07, 130.01, 129.10, 128.92, 127.29, 127.15, 

123.95, 23.20. Anal. Calcd. For C21H14N2: C, 85.69; 

H, 4.79; N, 9.52. Found: C, 85.73; H, 4.75; N, 9.53 

CONCLUSIONS 

In summary, this study demonstrated the facile 

MnSO4
.H2O-catalyzed reactions with satisfactory 

results. Some important advantages of the presented 

methods are the short reaction time, high yields, 

simple workup procedures, and the use of 

inexpensive and available catalyst. These 

procedures do not involve any hazardous organic 

solvent, thus, they are they are environmentally 

friendly methods 
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(Резюме) 

Предложена е ефективна и пряка методика за получаването на хетероциклени съединения като бензо-2-

пирони и бензопиразини в присъствие на MnSO4
.H2O Като евтин катализатор. Тези нови методи са евтини и с 

предимства, Като отличен добив, използване на безопасен катализатор,  достъпни реактиви и проста процедура.  
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DFT calculations have been carried out on the bicyclic imines to investigate the influence of ring size on the imine-

enamine tautomerisms. Molecular geometries and energetic of imines and enamines in gaseous phase have been 

obtained using B3LYP levels of theory, implementing 6-311++G(d,p) basis set. Then, important molecular parameters, 

IR frequencies, NBO and energetic results in the gas phase were extracted. The energetic results show that relative 

stability of enamine tautomer (versus imine tautomer) increases with the increase of ring size and calculated frequencies 

show that by decreasing N-containing ring size from 6-membered to 4-membered ring, the frequency of C=N in imine 

tautomer decreases. In addition variation of NBO charges on atoms in the gas phase are studied. 

Key words: DFT study, Tautomerism, Bicyclic, Imine, Enamine, NBO analysis. 

 

INTRODUCTION 

Tautomerism is one of the fundamental 

processes in (bio) organic chemistry that underlies 

most of the important condensation reactions. It has 

been extensively studied experimentally and 

theoretically. For example, tautomerisms in keto-

enol [1-5], imine-enamine [6-8], purines [9], 

pirimidines [10] and many other systems [11-13] 

have been studied during past two decades. 

Thereupon, compounds containing different 

tautomers can be the subject of interest by 

theoretical chemists. 

Imines formations are a particularly important 

chemical reaction in some biological processes [14, 

15] for example, the covalent binding of carbonyl-

containing compounds to an enzyme usually 

involves the formation of an imine. The imine 

moiety is formed by condensation of carbonyl 

groups of ketone or aldehyde with a primary or 

secondary amine. Equilibrium between imine and 

enamine may be established when at least one 

hydrogen atom on the imine nitrogen. The relative 

equilibrium of these species depends on the 

symmetry of the parent ketone and the substituents 

on the amine [16].  

In this study we focused our research on imine-

enamine tautomerism in bicyclic systems. These N-

containing heterocycles have three tautomeric 

forms, one is imine form (I) and others are enamine 

forms (Ea and Eb). The physicochemical 

characteristics of some of the heterocycles were 

experimentally determined. For example, 

spectrophotometric data for hexahydroindole that 

previously expressed as the enamine form (Eb) 

showed no band in the NH-stretching region in 

accordance with the imine structure [17]. In the 

absence of experimental data, it is of special interst 

to characterize theoretically the imine-enamine 

tautomeric equilibria to obtain information about 

the thermodynamic and kinetic aspects.  

In this research, molecular parameters, relative 

energies, NBO analysis and vibrational frequencies 

of imines and enamines in deferent ring have been 

calculated using B3LYP/6-311++G** level of 

theory. Details of computations and the results 

obtained in this work are presented below. 

COMPUTATIONAL METHODS 

The ground-state properties of the all tautomers 

have been calculated by using B3LYP method at 6-

311++G(d,p) basis set level. All computations have 

been performed on a personal computer using the 

Gaussian 03 program package [18] and Gauss view 

molecular visualization program [19]. The B3LYP 

method has been validated to give results similar to 

that of the more computationally expensive MP2 

theory for molecular geometry and frequency 

calculations [20, 21]. Moreover, several papers 

have been published on study of tautomerism in 

similar systems by B3LYP method [22-28]. 

© 2014 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria 
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Fig. 1. General structures for possible tautomers 

Compound’s structures optimized to find 

stationary point geometries characterized as local 

minimum on the potential energy surfaces. The 

absence of imaginary frequency verified that 

structures were true minima at their respective 

levels of theory. Atomic charges in all of the 

structures were obtained using the Natural 

Population Analysis (NPA) method within the 

Natural Bond Orbital (NBO) approach [29]. 

RESULTS AND DISCUSSION 

Optimized parameters 

The general structures and numbering of 

possible tautomers are presented in Figure 1. The 

selected molecules can be presented by three 

tautomers, imine (I), enamine (Ea) and enamine 

(Eb). 

Because of cyclic structure of these molecules, 

geometric isomers (cis or trans for double bond) 

have not been considered in this study (trans 

endocyclic double bond cannot exist in 4-6-

membered rings). Moreover, the most stable 

conformer was found and used in the calculations. 

In other word, only the most stable conformer of 

each structure has been considered in this study. 

The tautomerism in the selected structures is similar 

to 1,3-sigmatropic rearrangement. This subject has 

been attracted considerable attention of scientists 

especially in cyclic system [30-32]. The optimized 

structures of tautomers are presented in Figure 2.  

Important aspects of molecular structure can be 

observed in Table 1.The N1-C2 bond length, 

reported in the first column of table, lies in the 

range of 1.262-1.293 Å in I tautomers, 1.381-1.416 

Å in Ea tautomers and 1.386-1.439 Å in Eb 

tautomers. In I the tautomers, the N1-C2 bond length 

decreases with the increase of N-containing ring 

size, because of decreasing in ring strain. The C2-C3 

bond length lies in the range of 1.486-1.523 Å in I 

tautomers, 1.331-1.351 Å in Ea tautomers and 

1.487-1.531 Å in Eb tautomers. The C2-C4 bond 

length lies in the range of 1.496-1. 1.530 Å in I 

tautomers, 1.484-1.520 Å in Ea tautomers and 

1.330-1.348 Å in Eb tautomers. Also, The N1-H5 

bond length lies in the range of 1.008-1.017 Å in Ea 

tautomers and 1.011-1.019 Å in Eb tautomers. 

According to Table 2, N1-C2-C3 angles are in the 

range of 118.4-137.8 in I tautomers, 122.7-147.8 in 

Ea tautomers and 114.1-145.7 in Eb tautomers. The 

N1-C2-C4 angles are in the range of 100.3-130.6 in I 

tautomers, 92.7-122.5 in Ea tautomers and 97.2-

127.3 in Eb tautomers. In all tautomers, the N1-C2-

C4 angles increases with the increase of N-

containing ring size, because of decreasing in ring 

strain. 

Moreover, the C2-N1-H5 angles, reported in the 

last column of Table 2, lies in the range of 111.9-

119.3 in Ea and Eb tautomers that their amounts are 

about hybridational angles of central nitrogen. 

Energies 

Gibbs free energies and other important 

thermodynamic and kinetic parameters of all 

structures at 298.15 K and one atmosphere were 

illustrated in Table 2. The Gibbs free energy 

difference (ΔG) between I and Ea tautomers at 

B3LYP/6-311++G(d,p) level of theory lies between -

2.43 and -11.36 kcal/mol and ΔG between I and Eb 

tautomers lies between -1.23 and -18.82 kcal/mol. 

These data show that by increasing the N-

containing ring size, the relative stability of Eb 

enamine versus imine I tautomer increase. When 

the ring size decreases, the ring strain increase and 

all double bond strengths affect more than single 

bonds. It is clear that the C=C double bond affect 

more than C=N double bond by ring strain and its 

energy decreases more than C=N energy. 

Therefore, the relative stability of imine tautomer  
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Fig. 2. Optimized structures of the most stable conformer of tautomers. 
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Table1. Important molecular parameters of optimized structures at B3LYP/6-311++G(d,p) level of theory. 

Molecule 
Distance (Å) Angle (deg) 

N1-C2 N1-H5 C2-C3 C2-C4 N1-C2-C3 N1-C2-C4 C2-N1-H5 

M44I 1.293 - 1.504 1.496 134.3 101.9 - 

M44Ea 1.416 1.017 1.351 1.484 146.1 97.6 116.8 

M44Eb 1.435 1.017 1.531 1.336 144.4 98.7 118.8 

M45I 1.266 - 1.511 1.506 137.8 118.9 - 

M45Ea 1.381 1.010 1.350 1.492 147.8 112.5 117.4 

M45Eb 1.398 1.013 1.518 1.330 145.7 115.5 117.3 

M46I 1.262 - 1.516 1.522 132.8 130.6 - 

M46Ea 1.382 1.013 1.348 1.505 141.9 122.5 114.3 

M46Eb 1.386 1.012 1.511 1.341 137.0 127.3 115.8 

M54I 1.288 - 1.498 1.496 137.0 101.4 - 

M54Ea 1.409 1.014 1.335 1.498 146.7 94.2 119.2 

M54Eb 1.439 1.018 1.496 1.331 143.1 97.9 116.5 

M55I 1.269 - 1.508 1.518 131.1 117.2 - 

M55Ea 1.383 1.008 1.340 1.509 137.9 108.9 118.9 

M55Eb 1.403 1.013 1.498 1.337 131.3 113.9 115.9 

M56I 1.267 - 1.523 1.528 123.3 127.6 - 

M56Ea 1.392 1.012 1.343 1.518 130.1 117.8 113.5 

M56Eb 1.395 1.011 1.506 1.344 122.5 124.6 114.5 

M64I 1.289 - 1.486 1.503 133.4 100.3 - 

M64Ea 1.415 1.014 1.331 1.509 138.2 92.7 119.3 

M64Eb 1.439 1.019 1.487 1.339 134.6 97.2 115.7 

M65I 1.273 - 1.506 1.523 125.5 116.1 - 

M65Ea 1.396 1.008 1.340 1.515 128.8 107.0 118.1 

M65Eb 1.414 1.013 1.498 1.341 121.8 112.7 114.8 

M66I 1.274 - 1.515 1.530 118.4 126.5 - 

M66Ea 1.408 1.013 1.344 1.520 122.7 114.4 111.9 

M66Eb 1.407 1.011 1.512 1.348 114.1 122.7 113.0 

 

Table 2. Relative Energies (ΔE), Relative Zero-Point Energies (ΔE0), Relative Gibbs Free Energies (ΔG), and 

equilibrium constant (Keq) for all tautomers.a,b 

Molecule 
Ea Eb 

ΔE(I–E) ΔE0(I–E) ΔG(I–E) Keq(I–E) ΔE(I–E) ΔE0(I–E) ΔG(I–E) Keq(I–E) 

M44 -11.37 -11.36 -11.35 2.09E+8 -19.24 -19.05 -18.82 6.26E+13 

M45 -11.42 -11.36 -11.36 2.13E+8 -13.33 -13.14 -12.92 2.96E+9 

M46 -8.45 -8.46 -8.53 1.79E+6 -6.00 -5.85 -5.70 1.51E+4 

M54 -3.72 -3.80 -3.98 8.27E+2 -9.94 -9.82 -9.70 1.29E+7 

M55 -6.15 -6.06 -6.09 2.91E+4 -7.03 -6.90 -6.84 1.03E+5 

M56 -3.31 -3.36 -3.53 3.87E+2 -1.57 -1.40 -1.23 7.97E+0 

M64 -4.29 -4.29 -4.30 1.42E+3 -8.50 -8.38 -8.20 1.03E+6 

M65 -2.10 -2.11 -2.43 6.04E+1 -1.21 -1.25 -1.57 1.42E+1 

M66 -3.78 -3.77 -3.84 6.53E+2 -1.79 -1.40 -1.41 1.08E+1 
a ΔE(I–E) = EI - EE,  ΔE0(I–E) = E0I – E0E, ΔG(I–E) = GI - GE,  Keq(I–E) = [I]/[E]. 
b All energetic data have been reported in kcal/mol. 
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Table 3. Most important calculated NBO charge and frequencies of tautomers. 

Molecule 
NBO Frequency (cm-1) 

N1 C2 C3 C4 H5 C=N C=C N-H 

M44I -0.486 0.288 -0.412 -0.301 - 1623 - - 

M44Ea -0.652 0.215 -0.307 -0.260 0.354 - 1630 3503 

M44Eb -0.654 0.159 -0.400 -0.118 0.359 - 1644 3484 

M45I -0.462 0.295 -0.417 -0.285 - 1739 - - 

M45Ea -0.646 0.198 -0.300 -0.240 0.373 - 1690 3587 

M45Eb -0.648 0.157 -0.379 -0.114 0.366 - 1727 3539 

M46I -0.464 0.297 -0.418 -0.277 - 1775 - - 

M46Ea -0.645 0.186 -0.282 -0.232 0.364 - 1697 3548 

M46Eb -0.644 0.160 -0.380 -0.113 0.368 - 1748 3568 

M54I -0.456 0.299 -0.447 -0.301 - 1672 - - 

M54Ea -0.645 0.200 -0.308 -0.255 0.362 - 1716 3538 

M54Eb -0.646 0.164 -0.418 -0.112 0.351 - 1725 3472 

M55I -0.459 0.305 -0.440 -0.288 - 1735 - - 

M55Ea -0.643 0.196 -0.310 -0.247 0.377 - 1717 3621 

M55Eb -0.646 0.171 -0.405 -0.109 0.361 - 1719 3542 

M56I -0.472 0.313 -0.435 -0.284 - 1748 - - 

M56Ea -0.643 0.186 -0.283 -0.245 0.363 - 1697 3564 

M56Eb -0.644 0.177 -0.402 -0.114 0.365 - 1730 3578 

M64I -0.455 0.291 -0.439 -0.287 - 1685 - - 

M64Ea -0.647 0.195 -0.297 -0.249 0.359 - 1758 3536 

M64Eb -0.649 0.172 -0.423 -0.107 0.345 - 1748 3458 

M65I -0.465 0.308 -0.436 -0.282 - 1714 - - 

M65Ea -0.647 0.191 -0.390 -0.245 0.373 - 1730 3618 

M65Eb -0.650 0.177 -0.411 -0.103 0.358 - 1730 3539 

M66I -0.474 0.310 -0.423 -0.277 - 1719 - - 

M66Ea -0.651 0.188 -0.268 -0.246 0.358 - 1706 3551 

M66Eb -0.647 0.176 -0.402 -0.111 0.360 - 1723 3573 

versus enamine tautomer increases by decreasing 

the ring size. 

In addition, from Table 2 it is easily seen that 

relative stability of compounds with more ring 

strain such as M44, M45, M54, M55 and M64, the 

enamine tautomer Ea (exocyclic form) will be more 

stable than enamine tautomer Eb (endocyclic form). 

Equilibrium constants of tautomeric 

interconversions were calculated from Gibbs free 

energies using ΔG= -RT ln Keq. The equilibrium 

constant for conversion of tautomer Ea to I and at 

B3LYP/6-311++G(d,p) level of theory lies between 

6.04×101 and 2.13×108, and for conversion of 

tautomer Eb to I lies between 7.97 and 6.26×1013. In 

accordance with ΔG between tautomers, in 

compounds with more ring strain, enamine 

tautomer Ea is major than enamine tautomer Eb 

(Table 2). 

Frequencies 

Three important vibrational frequencies of 

all structures are listed in Table 3. These presented 

frequencies include imine C=N double bond, 

enamine C=C double bond and NH bond. In the last 

column, N1-H5 frequency (this frequency only 

exists in tautomers Ea and Eb) is reported. In 

tautomers Eb the magnitude of this frequency 

increases with the increase of N-containing ring 

size. Also, the C=N frequencies in imine tautomers 

increases with the increase of N-containing ring 

size and the C=C frequencies that exists in enamine 

tautomers lie between 1630 and 1758 cm-1.  The 

C=C frequencies in M44 shows lower magnitude 

and it correspond to low present of S orbital in 

these tautomers. The variation of frequencies versus 

ring size is important because they shows 

meaningful relation between empirical parameters 
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(frequency) and simple theories, such as bond 

angle, ring’s strain and hybridation. 

NBO analysis 

The calculated values NBO charges using the 

Natural Population Analysis (NPA) of optimized 

structures of imine-enamine tautomers in the gas 

phase are listed in Table 3. Nitrogen atom in the all 

of the tautomers carries the largest negative charge, 

and among in carbon atoms C3 carries the largest 

negative charge. The N1 and C3 atoms in all imine-

enamine tautomers will most effectively interact 

with electrophiles. 

CONCLUSIONS 

In this work, DFT calculation has been applied to 

study of tautomerism in bicyclic imines and 

enamines with deferent rings in the gas phase. The 

following points emerge from the present study: 

1. In the title compound imine form was more 

stable than the other tautomers in the gas phase. 

2. The energy data shows that the relative 

stability of enamine tautomer versus imine 

tautomer increases with the increase of ring size. 

3. Calculated frequencies show that by 

decreasing N-containing ring size, the frequency of 

C=N in imine tautomer decreases. 
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(Резюме) 

Извършени са DFT-изчисления относно би-цикличните имини за да се изследва влиянието на размера на 

пръстена върху имин-енамин-тавтомерията. Определени са геометрията на молекулите и енергетиката на 

имините и енамините в газова фаза при използването на B3LYP-нива на теорията, прилагайки 6-311++G(d,p) 

базисна мрежа. По този начин са определени важни параметри на молекулите, като ИЧ-честотите, NBO и 

резултати за енергетиката им в газова фаза. Резултатите за енергетиката показват, че относителната стабилност 

на енаминната тавтомерна форма (спрямо иминната) нараства с размера на ръстена. Изчислените честоти 

показват, че намаляването на размера от 6- на 4-атомен пръстен юестотата на C=N връзката в иминния тавтомер 

намалява.Освен това са изследвани и измененията на NBO-товарите на атомите в газова фаза. 
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Hybrid materials, synthesized by the sol-gel method, were used as matrices for immobilization of bacterial 

cells, producers of the enzyme nitrilase. Different methods were employed for structure investigations of the 

synthesized hybrids: Fourier transform infrared spectroscopy (FT-IR), BET and atomic force microscopy (AFM). Тhe 

influence of the structure of these materials on their properties was followed. The obtained hybrid materials were 

successfully applied for immobilization of live bacterial cells since cell vitality was kept and enzyme systems preserved 

their functions in the immobilized systems. The influence of different parameters during the cell immobilization 

procedure was evaluated for optimization of the immobilization process and enhancement of the activity of the studied 

enzyme. Most favorable effect on Bacillus sp. cells had the matrix with 5 wt. % sepharose and the enzyme activity 

obtained was 0.45 U ml-1 when the process was carried out at 60°C. Increased specific surface area of the matrix was 

another factor that led to enhanced nitrilase activity. 

Keywords: sol-gel; hybrids; parameters; enzyme activity 

 

INTRODUCTION 

Inorganic-organic hybrids, synthesized by the 

sol-gel method, are a remarkable group of 

amorphous nanocomposites, investigated for 

application in biotechnology, medicine and other 

areas due to their mechanical, optical, structural and 

thermal properties, as a result of combining silicon 

chemistry with life sciences [1-2]. Such hybrid 

materials are promising for applications as 

biocatalysts by immobilization of different 

biomolecules [3-4]. These biocatalysts are expected 

to reduce the energy expenses and their 

employment could lower pollutants dissemination 

in the environment [5-6]. Nitrilases (EC.3.5.5.1) are 

the enzymes that convert nitriles to the 

corresponding acid and ammonia. Nitrilases are 

thiol enzymes that perform an array of carbon-

nitrogen bond hydrolysis and condensation 

reactions [7]. Enzymes degrading nitriles can be 

found in many microorganisms [8]. Their high 

chemical specificity makes them attractive versatile 

biocatalysts [9]. Nitrile-converting enzymes are 

becoming commonplace in the synthesis of 

pharmaceuticals and commodity chemicals, 

showing their potential in the synthetic biocatalysis, 

as well as in bioremediation processes, degrading a 

broad spectrum of toxic substrates [10]. 

In this work we report on the influence of 

temperature, type and quantity of organic material 

included in the matrix and specific surface area of 

the hybrid materials on the enzyme activity during 

the immobilization of the moderate thermophilic 

strain Bacillus sp. UG-5B. 

EXPERIMENTAL 

Hybrid materials preparation and characterization 

The silica hybrids were prepared by the sol-gel 

method at room temperature. Silica precursor 

tetraethylortosilicate (TEOS) (Sigma-Aldrich, 

reagent grade ≥98%, formula weight 208.33 g/mol) 

was pre-hydrolyzed with H2O using a small 

quantity of hydrochloric acid as a catalyst. The 

molar ratio between TEOS:H2O:C2H5OH:HCl was 

(v/v) 1:2:8:1×10-3. The content of silica was kept 

constant and hybrids containing from 5 to 40 wt.% 

organic part (lactic acid (Sigma-Aldrich, natural 

≥85%,FG, formula weight 90.08 g/mol) or 

sepharose 4B (Sigma-Aldrich, exclusion limit 

60,000 for proteins, 30,000 for dextrans) and 

combination of poly(ethylene oxide) (Sigma-
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Aldrich, average Mv 100,000, viscosity 12-50 cP, 

5 % in H2O (25 °C, Brookfield) (lit.)) and agar 

(Sigma-Aldrich, Type A)) added to SiO2 were 

prepared. After gelation, the samples were dried at 

room temperature. The main steps of the 

entrapment procedure were previously described 

[11]. The structure of the synthesized materials was 

studied using Fourier transform infrared 

spectroscopy (FT-IR), BET and atomic force 

microscopy (AFM). 

Strain and medium 

The bacterial strain involved was Bacillus sp. 

UG-5B (№ 8021) deposited in the National Bank 

for Industrial Microorganisms and Cell Cultures, 

Bulgaria. The medium for cultivation contained 

(g/l): K2HPO4 2.0; NaCl 1.0; MgSO4 0.01; FeSO4 × 

7H2O 0.02; biotin 2.9 ×10-5; thiamine, 0.004; 

inositol 0.002 and benzonitrile (20 mM), pH 7.2. 

The nitrilase activity assay was realized by 

measuring the ammonia released, following the 

phenol-hypochloride method of Fawcett and Scott 

[12]. One enzyme unit is defined as the amount of 

enzyme producing 1 μmol ammonia min-1 at pH 

7.2, 45 oC and 20 mM benzonitrile as a substrate. 

Cells were harvested for 24 h on a rotary shaker in 

100 ml flasks with nutrient medium containing 20 

mM benzonitrile. Cells were separated from the 

culture medium by centrifugation and then 

resuspended in phosphate buffer pH 7.2. Cell 

suspension with a concentration of 30 mg ml-1 dry 

cells and enzyme activity of 0.3 U ml-1 was used for 

immobilization. Immobilization procedure 

comprises the preparation of the gel solution which 

contains SiO2 and organic parts in a ratio from 5 to 

40 wt.%; 5 ml of the ready cell suspension was 

introduced before gelation, which took place within 

30 min. The gel containing the cells was spread 

over petri dishes and left to dry overnight at room 

temperature. Leaching of cells was 

spectrophotometrically estimated to be 0.02-0.06 

%. 

RESULTS AND DISCUSSION 

The structure of the synthesized hybrid materials 

was investigated using FT-IR (Fig. 1), which 

showed characteristic peaks at around 1080 cm-1, 

790 cm-1 and 460 cm-1, attributed to the SiO2 

network. They are assigned to νas, νs and δ of Si-O-

Si vibrations; the band at 1080 cm-1 could also be 

related to the existence of Si-O-C, C-O-C and Si-C 

bonds. The presence of bands at 950 cm-1 reveals  

 
(a) 

   

 
 (b) 

 
(c) 

Fig. 1. FT-IR spectra of hybrids containing: a - lactic 

acid; b - sepharose and c - PEO and agar.  

 

the presence of Si-OH groups. Characteristic bands 

at around 3460 cm-1 and at 1630 cm-1, assigned to 

H-O-H vibration, can also be detected. The bands 

around 3460 cm-1 could also be associated with ν 

(OH) ring stretching vibrations. 

The results of BET analysis proved that the pore 

size is about 2 nm, and the specific surface area is 

in the range from 130 to 310 m2/g, depending on 

the hybrid chemical composition. The matrix  
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 e      f 
Fig. 2. AFM images and height distribution profile of hybrids containing a – 5 wt. % lactic acid; b – 20 wt. % 

lactic acid; c – 5 wt. % sepharose and d – 20 wt. % sepharose; e – 5 wt. % PEO and agar and f – 20 wt. % PEO 

and agar. 

consising of well-defined nanounits and their 

aggregates formed by self-organizing processes, 

was observed by the AFM studies. The size of 

nanoparticles was from 10 to 18 nm and the 

dimensions of their self-assembled aggregates were 

about 49-76 nm (Fig. 2). In the same figure the 

height distribution profiles of surface roughness are 

shown. The histograms of the surface height 

distribution profiles obtained from AFM 

topography images showed that all hybrids had a 

surface with irregularities. 

 

a b 

c d 
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(c) 

Fig. 3. Comparison between the activity obtained by the 

immobilized cells at multiple use with matrices with 

different organic constituent. 

 
 Fig. 4. Influence of temperature on the nitrilase activity 

of immobilized Bacillus sp. UG-5B strain. Error bars 

represent a deviation obtained from the triplicate 

measurements. 
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(c) 

Fig. 5. Influence of specific surface area on the nitrilase 

activity of immobilized Bacillus sp. UG-5B strain (a- 

sepharose; b-lactic acid; c-PEO+agar) Error bars 

represent a deviation obtained from the triplicate 

measurements. 

Thus synthesized, the hybrid materials were 

tested as matrices for immobilization of the 

suspension of cells. Different parameters influenced 

the nitrilase activity of the immobilized biocatalyst. 

Their optimization was expected to lead to an 

enhanced enzyme activity compared to the free 

cells. The optimum pH for the nitrilase activity of 

free cells proved to be 6.0-8.0. The pH of the 

matrices was adjusted to 7.0-7.2 which appeared to 

be most appropriate for the cells entrapped in their 

volume. Figure 3 shows the comparison between 

the activity displayed by the immobilized cells at  
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Fig. 6. Reusability of the biocatalyst (TEOS and 5 wt.% 

sepharose) obtained after optimization of the 

immobilization parameters. 

multiple use when each matrix contains only SiO2 

and different percentage of organic constituent. The  

addition of an organic part plays a favorable role 

when living objects are entrapped in the gel matrix. 

Concerning the type of the hybrid matrix, best 

results for Bacillus sp. UG-5B were achieved when 

immobilization was carried out in a matrix 

containing 5 wt. % sepharose. This fact can be 

explained by the different chemical composition 

and structure of the organic part included. 

The obtained materials with 5 wt.% organic 

constituent with immobilized cells were tested for 

their behavior under different temperatures in the 

range from 50oC to 65oC (Fig. 4). Highest enzyme 

production for the immobilized preparations was 

obtained when the temperature maintained during 

the evaluated process was 60°C. The nitrilase 

activity only slightly decreases when temperature is 

increased to 65oC (0.43 U ml-1 for the matrix with 

sepharose, 0.39 U ml-1 when lactic acid is included 

in the hybrid matrix and 0.35 U ml-1 when 

PEO+agar is present as an organic part), which is 

due to its thermostability [13]. Involving 

thermostable enzymes in industrial processes gives 

the advantage of a fast process and least 

contamination [14]. The nitrilase enzyme produced 

by Rhodococcus rhodochrous was found to be 

fairly thermostable at 45oC [8], while the nitrilase 

of Bacillus sp. UG-5B shows highest values at 

60oC. Another parameter influencing the enzyme 

activity of immobilized preparations is the specific 

surface area of the hybrid materials (Fig. 5). The 

larger surface area promotes higher nitrilase 

activity when 5 wt.% of sepharose are present in 

the hybrid matrix (Fig. 5a). This is in correlation 

with the pore size, permitting free substrate 

penetration. Inclusion of 40 wt.% sepharose leads 

to lower nitrilase yield, corresponding to the lower 

specific surface area. The specific surface area 

decreases with the increase of the organic part 

content, leading to a gradual increase in enzyme 

activity. Reusability was tested for the immobilized 

bacterial cells included in the most suitable matrix 

for highest nitrilase activity, namely, this 

containing 5% sepharose (Fig. 6). In this case the 

half-life of enzyme activity was retained for 14 

reaction cycles, each carried out with the addition 

of a fresh toxic substrate (benzonitrile) for 

degradation. The proven reusability indicates an 

efficient process that is possible to be carried out at 

the optimal conditions for operation of the 

immobilized system. 

CONCLUSION 

All hybrid materials used appeared to be 

appropriate carriers for the entrapped bacterial 

cells. The biocompatibility of the hybrid materials 

allows the bioactivity of cells to be retained. The 

obtained biocatalysts can be useful in enzymology 

and biotechnology and ecology, using the 

hydrolytic enzyme properties. Nitriles can cause 

harmful effects on human health, so there exists an 

urgent need for their removal. Immobilization of 

cells, producers of nitrilase can offer solution to the 

problems that appear with free cells, using their 

advantages - retention of catalytic activity, 

protection of cells against substrate inhibitory 

effects, as well as stability and increased enzyme 

yield, achieved by optimization of the factors, 

influencing the immobilization process. 
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(Резюме) 

 
Хибридни материали, синтезирани по зол-гелен метод, бяха използвани като матрици за имобилизация 

на бактериални клетки, продуценти на ензима нитрилаза. В структурните изследвания на синтезираните 

хибриди бяха използвани различни методи: Инфрачервена спектроскопия (FT-IR), BET-анализ и атомно силова 

микроскопия (AFM). Проследено беше влиянието на структурата на тези материали върху техните свойства. 

Получените хибридни материали бяха успешно приложени за имобилизация на живи бактериални клетки, при 

което жизнеността им беше запазена и ензимните им системи запазиха своите функции в имобилизираните 

системи. Влиянието на различните параметри по време на процедурата на имобилизация беше оценено за 

оптимизация на процеса и увеличение на ензимната активност на изследвания ензим. Най-благоприятен ефект 

върху клетките на щам Bacillus sp. оказа матрицата с 5 wt.% сефароза и получената ензимна активност беше 

0.45 U ml-1, когато процесът се провежда при 60°C. Увеличената специфична повърхност на матрицата беше 

още един фактор, водещ до повишена нитрилазна активност. 
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The present work reports on the synthesis, phase formation and microstructure of glasses and glass-ceramics, 

obtained in the system Na2O/TiO2/BaO/Al2O3/B2O3/SiO2/Fe2O3. The characteristic temperatures of the samples are 

determined by differential thermal analysis. X-ray diffraction is used for phase identification. Scanning electron 

microscopy, combined with energy dispersive X-ray analysis, is used for microstructural characterization and 

determination of the chemical composition of the formed crystals. All investigated compositions were amorphous. The 

annealing of the obtained glasses results in formation of spherical BaTiO3 particles with sizes in the range from 100 nm 

to several μm.  

Keywords: invert glass; barium titanate; nanocrystallisation; microstructure 

1. INTRODUCTION 

Barium titanate is a well-known dielectric 

material which possesses multiple polymorphic 

modifications. The tetragonal modification is stable 

at room temperature and is the predominantly 

observed one, which results in ferroelectric 

properties. Tetragonal barium titanate is used for 

the preparation of powerful capacitors and as a 

substitute of the magnetic RAM, e.g. as FRAM [1-

5]. However, the cubic modification of BaTiO3 

which is stable at temperatures above the Curie 

temperature (~120 °C) is also characterized by a 

high dielectric constant and due to the lack of 

ferroelectricity, by isotropic dielectric properties [1, 

4, 5]. Thus, it finds application in multilayered 

capacitors for energy storage [1, 3, 4] and 

depending on its optical properties, it may be a 

promising candidate for UV laser preparation for 

optoelectronic applications [5]. Different 

experimental techniques are used to obtain barium 

titanate as bulk material [1, 2, 4, 5]. The preparation 

of BaTiO3 thin films is also reported in the 

literature [3, 6].  

The different allotropic modifications of BaTiO3 

can be stabilized at room temperature by addition 

of dopants of different type and concentration. The 

various crystallite sizes will also lead to 

stabilization of one or another modification of 

barium titanate. This enables to control the 

properties of the resulting materials [2, 3]. In the 

literature, the addition of 3d-transition metal oxides 

(for example iron oxides) to systems in which 

BaTiO3 crystallizes is reported [2]. Conventional 

barium titanate ceramics are prepared by the 

chemical reaction of barium carbonate and titanium 

oxide to barium titanate, subsequent milling and 

sintering [2]. Also, the preparation of barium 

titanate nanorods by means of a hydrothermal 

method is reported in [5]. These nanorods show 

light emission in the blue part of the visible 

spectrum if irradiated with UV light. 

In the literature, also advanced glass melting 

techniques for the preparation of barium titanate 

and magnetite nanoparticles are reported. The 

materials prepared in this way are promising 

candidates for application in spintronics [7, 8]. 

Recent studies were carried out in the system 

(24-y)Na2O/yAl2O3/14B2O3/37SiO2/25Fe2O3 with y 

= 8, 12, 14 and 16 [9] while other investigations 

were performed on compositions derived from this 

system [10-12]. It was reported that primarily phase 

separation occurs in the prepared glasses and 

droplets with sizes in the range from 100 to 800 nm 

enriched in B2O3 and FeOx are formed. 

Subsequently, magnetite crystals with sizes in the 

range from 25 to 40 nm precipitate within these 

droplets [12]. The materials prepared in this way 

may be suitable for applications as multicore 

magnetic nanoparticles.  
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This paper reports on the synthesis and 

characterization of glasses and glass-ceramics in 

the system (23.1-x)Na2O/23.1BaO/23TiO2/7.6B2O3/ 

17.4SiO2/5.8Fe2O3/xAl2O3. The reported glasses 

contain less than 30 mol % glass-forming oxides. 

The occurrence of droplet-like regions in which 

cubic barium titanate crystallizes is observed after 

annealing of samples from all glass compositions in 

the system.  

2. EXPERIMENTAL 

Samples with the mol % compositions (23.1-

x)Na2O/23.1BaO/23TiO2/7.6B2O3/17.4SiO2/5.8Fe2

O3/xAl2O3, x = 0, 3, 7, 11, 15 (batch composition) 

are melted from the following reagent grade raw 

materials: Na2CO3, BaCO3, TiO2, Al(OH)3, B(OH)3, 

SiO2 and Fe2O3. The glasses are melted in 60 g 

batches for 1 h at 1250 °C in air using Pt crucibles 

in a furnace with SiC heating elements. The melts 

are quenched on a copper block without pressing. 

Then, in order to increase the mechanical stability 

and to minimize internal stresses, the glass is 

transferred to a pre-heated graphite-mould and held 

for 15 min at 450°C in a muffle furnace. 

Subsequently, the furnace is switched off and the 

sample is allowed to cool to room temperature. 

Crystallization of the samples is carried out at 

550°C in a muffle furnace for different times.  

The phase compositions of the samples from all 

melted compositions are studied by X-ray 

diffraction (XRD), Siemens D5000 using Cu-Kα 

radiation (λ = 1.5406 Å) and Ni filter. The glass 

transition and crystallisation temperatures are 

determined on bulk samples by differential thermal 

analysis (DTA), Perkin Elmer Diamond TG/DTA. 

The microstructure and the elemental composition 

of the prepared glasses and subsequently, of the 

crystallised samples is further analysed by scanning 

electron microscopy (SEM) in combination with 

energy-dispersive (EDX) analysis, (JSM-7001F, 

JEOL Ltd., Japan). Imaging of the crystallised 

samples is performed on polished samples, or if this 

did not result in a good contrast, on samples etched 

for 5 s in 1% HCl solution. The topography of 

selected samples is studied on polished surfaces by 

atomic force microscopy (AFM), Zeiss Ultra 

Objective, Carl Zeiss GmbH, Germany.  

3. RESULTS AND DISCUSSION 

The samples show a dark brown coloration 

after quenching on the copper plate. Some parts 

of the surface are slightly crystallised and 

formation of droplet-like light brown regions is 

observed. The bulk of all samples is, as seen at 

a fractured surface, glassy. The XRD patterns 

of the bulk specimens prove that the samples 

are amorphous, which indicates that the 

quantity of crystals is negligibly small and they 

are mainly observed at the surface. 

  
The DTA profiles of the melted glasses, as 

shown for three of them in Fig. 1, allow to 

determine the glass transition and the 

crystallisation temperatures of the prepared 

materials. They further help to choose 

appropriate time-temperature annealing 

regimes in order to study the crystallisation 

behaviour of the samples. In Figure 1 DTA 

profiles for the samples with 16.1 mol% Na2O 

and 7 mol% Al2O3 (sample A), 12.1 mol% 

Na2O and 11 mol% Al2O3 (sample B) and 8.1 

mol% Na2O and 15 mol% Al2O3 (sample C) 

are shown. As seen in the Figure, the glass 

transition temperature of sample C with the 

smallest alkali and highest alumina 

concentration increases to about 580°C in 

comparison to samples A and B with glass 

transition temperatures of 480°C and 530°C, 

respectively. The crystallisation temperatures 

follow the same trend. The effect of the varied 

Na2O and Al2O3 concentrations on the glass 

transition temperature has already been 

reported by other authors for sodium 

alumosilicate glasses of various compositions 

[13-18]. It has been observed that with 

increasing the alumina concentration, the 

viscosity and the glass forming ability also 

increase and the maximum value of viscosity is 

achieved for a ratio [Na2O]/[Al2O3] = 1 [11, 

13-18]. A similar observation is reported in our  
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Fig. 2  XRD-patterns of samples with 23.1 mol% Na2O 

and 0 mol% Al2O3 (1) and with 20.1 mol% Na2O and 3 

mol% Al2O3 (2), annealed respectively for 4h and 3h at 

550°C - formation of cubic BaTiO3; dashed line – lines 

of BaTiO3. 

study – the melts with equimolar alumina and 

sodium oxide concentrations showed a glass 

transition temperature about 50 K higher than 

that of the sample with 16.1 mol% Na2O and 7 

mol% Al2O3 and 100°C higher than that of the 

sample with 0 mol% Al2O3. 

In order to investigate the crystallisation 

behaviour of the prepared glasses with the 

compositions (23.1-

x)Na2O/23.1BaO/23TiO2/7.6B2O3/17.4SiO2/5.8

Fe2O3/xAl2O3 with x = 0, 3, 7, 11, pieces from 

the bulk were chosen and annealed for 3 or 4 h 

at 550°C, i.e. above or near Tg. The annealing 

times were chosen in such a way that the 

average crystallite size hardly changes when 

increasing the time of thermal treatment. Thus, 

the crystals precipitated in specimens with 

different compositions may be compared. The 

resulting samples are visually well-crystallized 

in the bulk and the XRD-patterns show only 

the formation of cubic BaTiO3, (JCPDS Nr. 01-

079-2263), as shown in Figure 2. The obtained 

BaTiO3 phase is recognized as the cubic 

modification since there is no visible splitting 

in the characteristic peak at about 45.3° – as it 

should be in the case of the tetragonal BaTiO3 

modification [1, 19].  

Some authors report that the change in the 

symmetry of barium titanate from cubic to 

tetragonal depends on the size of the 

precipitated crystals [1, 19] or even discuss the 

formation of a tetragonal core and a cubic shell  

 
Fig. 3  SEM-micrograph of a sample with 23.1 mol% 

Na2O and 0 mol% Al2O3 crystallised for 4h at 550°C  

 
Fig. 4  SEM-micrograph of a sample with 20.1 mol% 

Na2O and 3 mol% Al2O3 crystallised for 3h at 550°C. 

 
Fig. 5  AFM image  (topography mode) of a sample 

with 16.1 mol% Na2O and 7 mol% Al2O3, annealed for 

3h at 550°C – average size of the spherical BaTiO3 

crystals about 150 nm. 
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for the growing barium titanate particle [1]. In 

our work, however, we did not observe up to 

now such a dependency and the crystallised 

BaTiO3 is always cubic. Similar observations 

are done when imaging the microstructure of 

the annealed samples (see Figures 3 to 5) – 

only one morphological type of crystals is 

present. The SEM imaging of samples with 

different thermal history and composition 

suggests that for annealing times t ≥ 3 h the 

mean size of the formed globular crystals only 

slightly changes. In Figure 3 a SEM 

micrograph of a sample without Al2O3 is 

shown. It is observed that spherical crystals 

with a mean size of about 1μm are formed. The 

same crystal morphology is already seen in 

other, similar as chemical composition, glass-

ceramic materials [9, 12] and suggests the idea 

that first phase separation and subsequently 

crystallisation in the droplets may occur in the 

present set of compositions. The brighter 

appearance of the formed crystals serves as an 

evidence that they contain the heavier elements 

of the initial composition, e. g. Ba, Ti and 

probably, also some Fe. The addition of 

transition metal oxides as dopants, in the 

present study Fe and Ti, is a well-known 

method for changing the modification and thus, 

the properties of the resulting crystals. This has 

already been reported for other Fe- and 

(Ba,Fe,Ti)-containing glass systems [2,7,11]. 

The successful combination of two or more 

transition metals may result in the formation of 

core-shell structures composed by both, 

ferroelectric and ferromagnetic crystals. This 

will enable to combine the properties of the 

two phases formed, which may result in 

multiferroic properties and the synthesis 

products can find unique applications in 

electronics [7, 8]. Anyway, the presented XRD 

data, as seen in Fig. 1, support the presence of 

only Ba and Ti and no Fe in the crystals. The 

total lack of Fe in the barium titanate crystals, 

or its presence in concentrations too small to be 

detected, may be attributed to the relatively low 

Fe2O3 concentration. This is in contrast to the 

data from other authors, who by sintering 

powders obtained Fe-doped barium titanate [2]. 

According to these reports, however, the Fe-

doped barium titanate crystals change their 

symmetry from tetragonal to hexagonal. This 

effect occurs in parallel to the incorporation of 

iron and is undesired because the hexagonal 

phase is not ferroelectric and furthermore, in 

comparison to the cubic modification it 

possesses worse dielectric parameters.  

The SEM-micrograph of a sample with 20.1 

mol% Na2O and 3 mol% Al2O3 (see Figure 4) 

shows crystals with an average size of about 

500 nm. The higher magnification in Figure 4, 

compared to that in Figure 3, allows seeing that 

the separate spherical crystals are in close 

contact with each other, which constrains their 

further growth. These crystals are smaller than 

the ones shown in Figure 3, which represents a 

SEM micrograph of the composition with 0 

mol% Al2O3. The same trend – decrease of the 

average size of the crystals formed with 

increasing alumina concentration - is also 

observed in the XRD patterns of Figure 2. Here 

the peaks of the sample with 3 mol % Al2O3 are 

wider than those with 0 mol% Al2O3. The latter 

observation might be explained by the higher 

glass transition temperature and hence, the 

higher viscosity of the glass with a higher 

Al2O3 concentration when annealed at the same 

temperature (550°C) as the glass without 

alumina.  

The microstructure of the samples shown in 

Figures 3 and 4 proves the existence of 

spherical crystals with core-shell structure. 

Similar observations are done by other authors 

who report the combination of two 

modifications of BaTiO3, coexisting in one 

core-shell crystal – tetragonal core and cubic 

shell [1]. In [1] they report that the size of the 

formed barium titanate crystals determines the 

allotropic modification present and that the 

process of crystallite growth leads to transition 

within one and the same particle from cubic to 

tetragonal barium titanate. In our investigation, 

however, we could not conclude if this is the 

reason for the formation of core-shell structure 

in the growing crystals and further 

investigation of the particles is needed in order 

to elucidate this problem. In general, the 

imaging of the samples with increasing Al2O3 

content is difficult due to the decreasing size of 

the crystals. Actually, the crystal morphology 

in the sample with 7 mol% Al2O3 crystallised 
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for 3 h at 550°C could only be investigated by 

AFM – the size of the crystals was found to 

vary from about 100 to 150 nm, as seen in 

Figure 5. From Figures 3 to 5 it can be 

concluded that the volume concentration of 

crystals in the samples is high – there is almost 

no glassy phase remaining between the 

crystals. The separate particles tend to 

aggregate and form larger complexes which 

grow together – as seen in Figure 3 and already 

observed in other systems where the 

crystallisation is preceded by droplet-like phase 

separation [9, 12].  

The observed morphology of the formed 

crystals, as well as the resulting size variation 

depending on the composition of the initial 

glasses, may affect the dielectric properties of 

the obtained barium titanate glass-ceramics and 

will be a subject of further investigation. 

4. CONCLUSIONS 

A set of invert glass compositions (23.1-

x)Na2O/23.1BaO/23TiO2/7.6B2O3/17.4SiO2/5.8Fe2

O3/xAl2O3 is melted and subsequently quenched on 

a copper block, which leads to glass formation. 

Annealing above or near Tg results in the 

crystallisation of crystals of cubic BaTiO3 gathered 

in spherical particles in the amorphous matrix, 

whose mean sizes vary from 100 nm to 1 μm for 

the different compositions. The X-ray diffraction 

studies and the SEM investigations of the spherical 

particles allow concluding that these are mainly 

enriched in barium and titanium oxide and 

formation of cubic BaTiO3 occurs without the 

participation of Fe in the crystals. With increasing 

alumina and decreasing sodium oxide 

concentrations, the average particle sizes decrease.   
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ФАЗОВ СЪСТАВ И МИКРОСТРУКТУРА НА НАТРИЕВО-АЛУМОБОРОСИЛИКАТНИ 

СТЪКЛА И СТЪКЛОКЕРАМИКИ В СИСТЕМАТА Na2O/BaO/TiO2/Al2O3/B2O3/SiO2/Fe2O3 

Р. Харизанова1*, Л. Владиславова1, Кр. Бокър2, Кр. Рюсел2, И. Гугов1 
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(Резюме) 

Настоящата работа докладва данни за синтеза, фазообразуването и микроструктурата на стъкла и 

стъклокерамики, получени в системата Na2O/TiO2/BaO/Al2O3/B2O3/SiO2/Fe2O3. Характеристичните температури 

на пробите са определени с помощта на диференциален термичен анализ. Методът на рентгеновата дифракция е 

използван за фазова идентификация. Сканираща електронна микроскопия, комбинирана с енергийно-

дисперсивен рентгенов анализ, позволява характеризиране на микроструктурата и определяне на химичния 

състав на формираните кристали. Продуктите на синтеза за всички изследвани състави са аморфни. 

Темперирането на получените стъкла води до кристализацията на сферични BaTiO3 частици с размери от 100 

nm до няколко μm.  
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It is a commonly accepted assumption that membrane fusion involves an hour-glass-shaped  local contact between  

two monolayers of opposing membranes, an intermediate structure called a stalk. The shape of the stalk is considered as 

an axisymmetrical surface of revolution in 3D space, with a planar geometry in the initial configuration. The total 

energy of the stalk is evaluated from the assumption that the stalk has a constant mean curvature. We analyze on this 

basis the energetic path of evolution of the stalk from hemifusion to complete fusion, adopting the radius of the stalk, 

the peel-off angle at the interstices and the stalk total energy as characteristic quantities. An extension of the original 

model is proposed, in which any geometrical feature of the stalks can be expressed in explicit form, by considering the 

stalks as nodoid surfaces. 

Keywords: lipid membranes, stalk model, nodoid surfaces. 

INTRODUCTION 

Membrane fusion plays a vital role in cell 

physiology and life, and for this reason has 

attracted the interest of many researchers, 

resulting in many attempts to develop repre- 

sentative models of this process. The ability to 

fuse is shared by biological membranes, 

consisting of phospholipid bilayers with 

embedded and bound membrane proteins, and 

by artificially formed purely lipid membranes.  

Normally, the membranes are mechanically stable, 

due to powerful hydrophobic effect [38], which 

drives self-assembly of the lipid molecules into 

bilayer and maintains the bilayer integrity. 

Membrane fusion requires transient structural 

reorganization of at least some lipids (see [1, 4, 8, 

22]). Experimental evidence points to the 

existence of so-called hemifusion structures [3, 

4, 39], which are relatively long living in- 

termediates appearing during the early stage of 

fusion. Membrane hemifusion is a possible 

pathway [32] to the complete fusion of 

membranes [4]. The modeling of the lipidic fusion 

intermediates has more than two decades history. 

Although, at the early stages, several different 

structures have been suggested, only one of 

them, called fusion stalk [9,15], is currently  

recognized to describe adequately  the transition 

stage of membrane fusion [4,11]. 

Fusion stalk is a local lipidic connection 

between the proximal (contacting) monolayers of 

the fusing membranes. At the stage of stalk 

formation, the distal monolayers of the membranes  

are still separated, and the achieved state is referred 

to as hemifusion. A physical model of the fusion 

process, based on this hypothetical intermediate 

and referred to as the stalk model has been 

developed in a series of contributions [4, 14, 20, 

24, 25] and further modified by Siegel [34, 35] and 

Kuzmin et al. [ 18]. A number of important 

predictions of the stalk hypothesis have been 

verified experimentally for fusion of protein- free 

lipid bilayers and for some examples of 

biological fusion. The hypothesis suggests that 

merger of the proximal monolayers of the 

membranes precedes merger of their distal 

monolayers. Indeed, the existence of a distinct 

hemifusion stage has been documented for 

different experimental systems based on protein-

free bilayers [3-5,19,33] and for fusion of 

biological membranes  [6, 12, 21, 29, 37]. 

Current theories  associate the initiation of 

hemifusion with the formation of a contact zone 

between the membranes in which the two proximal 

monolayers are connected  bya stalk-shaped neck. 

The stalk then expands and a region is formed in 

which the two distal monolayers form a single 

bilayer. In general, the energetic cost of the 

splay of the lipid chains in the stalk prohibits its 

spontaneous expansion. However, the presence of 

additional, external forces (e.g., pressure, surface 

tension gradients, electrostatic  
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Fig.1. Schematic  view  of  the  process      of  fusion  via  stalk   formation. 

 

.  
Fig.  2.  Steps in membrane fusion. Solid lines represent hydrophilic surfaces, dotted lines hydrophobic   surfaces (left).  

Geometric  parameters  of  the  stalk (right). 

effects) can lead to expansion of the stalk into a 

hemifusion region and to the growth of this zone. 

Clear evidence for the existence of these two  

distinct prefusion stages, stalk formation and 

hemifusion, was found for poly(ethylene glycol)-

mediated fusion of vesicles [19]. Looking at a 

much smaller scales than continuum models do, 

molecular dynamics simulations allow to study the 

biological processes of lipid vesicle fusion in 

atomic details, as reported in [13]. 

A few words related to energetic aspects are in 

order, since a few factors may influence the 

energy required to form intermediate structures.  

A potential effect of membrane lateral tension on 

membrane fusion was assessed by two-

dimensional simulations of the contact of 

monolayers in [2]. In [7], an energetically 

feasible structure of pre-stalk intermediates has 

been advanced, called point-like protrusion. The 

role of the Gaussian curvature elastic energy of 

the intermediate structures on membrane fusion 

has been highlighted in [36]. The role of 

membrane edges due to tilt deformations as a 

mechanism for the strong reduction of the energy 

of fusion stalks has been analyzed in [28]. The 

energetics of formation of vesicle intermediates 

was analyzed in [23], where the authors calculate 

the effects of membrane curvature and osmotic 

stress, basing on the stalk assumption. A new 

structure of the fusion stalk has been presented in 

[17], the deformations of the two membrane 

monolayers not only involve bending as in [15, 

25,34], but also a tilt of the hydrocarbon chains.  

The tilt constitutes an additional degree of 

freedom and allows the monolayers to relax the 

overall energy. This view contributes to resolve 

partially the energy challenge (sometimes coined 

energy crisis in the relevant literature, see [17]) 

inherent to the fact that membrane configurations 

at the intermediate stages of fusion require high 

energy barriers. 

THE STALK MODEL 

The fusion process involves the successive 

steps of membrane  aggregation,  a destabiliza- 

tion nucleating at a point defect inducing a 

highly localized rearrangement of the two 

bilayers, further inducing a mixing of the  

components of the two bilayers, resulting in either 

hemifusion (Fig. 1, middle) or full fusion (Fig. 1, 

right). 

A connection between membranes involves 

local contacts  between two phospholipid bilayers 

in their aqueous environment, which is difficult 

due to the hydrophobic  nature  of the interior 

part of the membranes  (each bilayer has a trans  

and a cis-monolayer, Fig.2). The required 

connection between the two membranes in order 

for fusion to occur involves an hourglass-shaped  

local contact  between two monolayers of 

opposing membranes, an intermediate structure 

called a stalk in the original model developed in 

[15]. 

The  mechanical  basis of the  model relies on 

the calculation of the shape of the stalk, taken as 

an axisymmetrical surface of revolution in 3D 

space (Fig. 2), with a planar geometry in the 

initial configuration. The neutral surface is 

represented as a dotted line. There x and z are 

the coordinates of the contour, the parameter a is 

the shortest distance separating the neutral  

surface from the axis of revolution (the neck of 

the stalk), c is the distance from the axis of 

revolution to the point where the stalk branches  

become horizontal (the width of the stalk), 2h is 
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the distance separating  the two neutral  surfaces, 

and the angle between the neutral  surface and 

the horizontal  line is ψ. 

The contour of the stalk surface is given from 

the slope ψ. The bending energy of the stalk 

depends on the principal and the spontaneous 

curvatures. Assuming that the  curvature of the  

stalk  is constant, the  total  energy of the  stalk  

is calculated  versus parameter a, and is found to 

be negative,  hence promoting  hemifusion (the  

presence of spontaneous  curvature in the  

monolayers favors hemifusion). We analyze the 

path of evolution of a stalk  from hemifusion to 

complete fusion, versus the  radius  of the  stalk,  

the  peel-off angle at  the  interstices,  and  the  

stalk total energy. The present contribution 

proposes an extension of the model suggested in 

[26], by considering explicitly a subclass of the 

Delaunay surfaces, the so called nodoid surfaces. 

Following the argumentation developed in [10] in 

the case of beaded nerve fibers (the surfaces 

there are unduloids), we elaborate a model in 

which any geometrical characteristic of the stalks 

can be expressed in explicit form, by considering 

the stalks as nodoid surfaces Fig. 3. 

A novel description of the shape of the stalk 

is next exposed. 

THE MATHEMATICAL  DESCRIPTION 

The sum of the principal  curvatures is given by 

the classical relation                         

                  (1) 

with the two principal  curvatures expressed 

versus the angle ψ(x)  as 

 (2) 

The slope of the at any point along the contour 

of the stalk surface is determined from 

        (3) 

 

                 
Fig. 3. The  profile  curves   of  the nodoid (left, solid parts) generating under revolution the stalk surface and a  3D-  view   of   

the open   part  of  the  stalk (right). 

 

Previous relations then lead after 

straightforward calculations  to the equations 

        (4) 

 (5) 

Next, due to the relations we have also 

(6) 

From all above it results that  the contour  of 

the stalk surface is given as the integral          

 

                                                                        (7) 

and when  the stalk is called 

stress free. The surface specified by t h e  equation 

(7) is a constant mean curvature (CMC) surface. 

CMC surfaces of revolution were classified long 

time ago by the French geometer Delaunay and 

were described in analytical form in [30, 31].  

D ifferentiating  and taking into account the 

expression for  one gets the equation  

           (8) 

This equation and the CMC condition 

     (9) 

yields  

            (10) 

and therefore  

                 (11) 

where  Ib  is the integration constant.

By taking into account the geometrical relation 

  one finds immediately 

               (12) 

and this is exactly the Gauss map of the surface. 

From the two obvious geometrical conditions 
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     (13) 

it follows that 

            (14)  

Finally, the integration of the slope equation 

                (15) 

gives the profile curve 

 (16) 

A parameterization of the contour  can be 

done using the elliptic functions, i.e., 

                                       

 

(17) 

in which F (am(u,k), k), E(am(u, k), k) denote 

the incomplete elliptic integral of the first and  

second kind respectively,  that depend  on their  

argument in the  first slot and  the elliptic 

modulus  in the  second slot.  Plots  of the 

meridional  sections of the  cell fusion resulting 

from those expressions are shown in Fig. 3 (left) 

and a 3D view of the stalk is pictured  on the 

right. 

GEOMETRIC AND ENERGETIC ASPECTS 

Having the explicit parameterization (17) of 

the profile curves it is a simple matter to write 

down the parametrization of the relevant part of the 

stalk surfaces in the form  

 
                                                                           (18)                                 

With this at hand it is easy to find also 

coefficients E, F, and G of the first fundamental 

form of the surface (18) via the formulas 

 

These coefficients are necessary to find out the 

infinitesimal element  

of the surface area                                  

      

 
Integrating over the whole surface of the neck 

one easily finds that  the energy of the stalk is 

given by the formula    

 

                                                                       (20) 

in which  is the bending module and 

  and    denote the 

omplete elliptic integrals  of the second kind. 

Having the explicid parametrization (18) of the 

stalk one can find  also its height 2h (see Fig. 2)  by 

the formula  

          (21) 

This allows to plot the dimensionless 

normalized distance h/a which depends only on a 

single parameter c (i.e., Ih) and to compare it with 

the approximate function presented in [26]. The 

result is depicted as curve 1 in Fig. 4.  

 
Fig. 4. The first curve is produced via the analytical 

result (21) and the second one is ploted by making use of 

the approximation formula presented in [26]. 

It should be noted that the resulting plot in Fig. 4 

has an universal character which is applicable to 

any spontaneous curvature. 

CONCLUSIONS 

Fusion involves drastic although local changes 

in the initial membrane structure. The membrane  

configurations emerging at the intermediate stages 

of fusion require input of energy and, hence, 

represent energy barriers the membranes have to 

overcome on the way to the new fused state.  

Those energy barriers are essential determinants 

of the fusion rate. The free energy of fusion 

stalks has been calculated by different 

approaches.  

E.g., Kuzmin et al. [18] suggested a 

theoretical  model that  includes, besides bending,  

a tilt  of the lipid molecules. The model starts  

from preformed nipples that  decrease the  local 

distance  of two fusing membranes and requires an 

extraordinary high energy to form a stalk out of 

two apposed, planar  bilayers. The geometry of this 

model however is predefined. 

 Markin and Albanesi [26] postulated a stress 

(

19) 
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free stalk. The key point of their model is the 

optimization of the cross-sectional shape of the 

stalks neck in terms of its bending energy. 

Relying on numerics they did not recognize that 

this is a constant mean curvature surface which 

is the main point of the present study.  
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(Резюме) 

 
Съвременното схващане относно сливането на мембраните  е, че при този процес формата на двете локални 

контактни повърхнини на участващите  мембрани  е подобна на формата на пясъчен часовник, която се 

оприличава със стебло. Формата на стеблото се разглежда като аксиално симетрична повърхнина в тримерното 

пространство, докато първоначалната конфигурация  е с равнинна геометрия. Пълната енергия на стъблото е 

пресметната като  следствие на предположението, че стъблото има постоянна средна кривина. На тази основа  е 

анализирана и  еволюцията на енергетичния път на стъблото от полусливане до пълно сливане, отчитайки 

радиалното отстояние на стъблото до оста на симетрия като функция на ъгъла който сключва тангентата с 

абсцисата  в  точките от профилната крива. Представено е разширение на съществуващия модел, в които 

геометричните характеристики на стъблото са представени в явна форма и отчитайки, че то  има формата на 

нодоид,   характеристиките на  мембраната и заобикалящата я среда. 
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Complex crystal aggregates from fluorspar are grown from vapor phase at specific P-T conditions. Quasi-

equilibrium for occurring mass-transport processes, phase transformations and crystal-chemical reactions is attained in 

multicameral mode crucible by changing the temperature pressure imposed on molten portions of the used natural 

fluorite and/or by varying the gas-permeability of the channels connecting different sections in crucible interior to 

vacuum ambient. The sizes of the channels are reduced to provide Knudsen type diffusion thus limiting the induced 

vapor fluxes through themq leading to super-saturation inside the peripheral crucible compartment. The grown 

aggregates reveal a complicated habit formed during three stages growing process provided by relevant thermodynamic 

and phases. The residual stresses in the aggregates are not observed whereas those in simultaneously grown boules from 

the non-vaporized melts in crucible cameras are clearly distinguished. The optical transmittance of the boules are 

considerably higher, especially in the UV, comparing to that of crystal aggregates, showing several peaks of specific 

light-absorption due to enhanced presence of rare-earth (RE) impurities. The aggregates manifest their nearly full 

reflectivity from visible to near IR region. The growth mechanisms from vapor phase by using natural fluorite with RE 

are explained on thermodynamic grounds that allows the processes being put under reliable control. The results are 

anticipated to help for developing new perspective techniques for vapor phase growth of several fluoride compounds 

with complex structure and composition  but with wide application. Similar growth mechanisms for CaF2 crystals are 

speculated being possible on the Moon in its very early period of formation. 

Keywords: crystal structure, mass transfer, phase equilibrium, purification, optical medium 

INTRODUCTION 

The growth mechanism of calcium fluoride – as 

product of ore minetalization or artificially grown 

crystals – depends on thermodynamic and crystal-

chemical conditions of the surrounding medium. 

Both the crystal habit and crystallographic 

character of crystal faces can be changed in 

accordance with P-T mineralization conditions and 

solutions chemistry. It was firmly established 

crystal transition from octahedral to cubic form via 

some more complex intermediate forms [1]. The 

habit of the real crystals is, as a rule, not 

geometrically regular that is due to irregularity in 

the mass-transport for supplying substance. One-

directional supply has been proved to distort 

gradually the cubic crystal to mosaic block, rod-like 

or lamellar whereat the symmetry decreases, the 

habit becoming in some cases completely irregular. 

The exact reconstruction of the existed 

thermodynamic and crystal-chemical conditions 

during the growth of CaF2 natural or artificial 

crystals appears a challenging task since it helps the 

researchers to clarify the variety of interrelating 

factors that may influence considerably the crystal 

alterations during ore mineralization as well as 

during the application of the already developed 

growing techniques (from solution, melt or vapor). 

In the present paper the accent is put on the growth 

of CaF2 crystals from vapor phase as the less 

explored technique as compared to growth from 

solution and especially to growth from melt [2]. 

The object in study – single CaF2 – has been 

won recognition as preferable in many cases optical 

medium for manufacturing optical elements 

appropriate to satisfy the fast increasing needs of 

large scale optics in deep ultra violet (UV), visible 

(Vis) and infrared (IR) spectral regions. Since the 

direct usage of natural fluoride for manufacturing 

thereof optical elements is strongly restricted due to 

impossibility, in practical, to be found sufficiently 

homogeneous large single crystals with minimum 

structural defect, the fluorspar has to be 

transformed appropriately to sintered or 

polycrystalline precursors that to be used as starting 

material. On this ground several industrial 

techniques have been developed for growing an 

artificial fluorite from melt [2] unlike the growth of 

CaF2 crystals in over-saturated solutions where the 

small sizes, incomparably lower crystallization rate,  

* To whom all correspondence should be sent: 
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Fig. 1. A – Apparatus for crystal growing by BS method with furnace control panel assy (1) and growing chamber (2); 

B – multicameral graphite crucible with supporting tail-end (1), batch of separated heat-adjusting Mo-rings (2), 

cylindric body (3) and general cover with axially drilled channel (4); C – cross-section of multicameral crucible (2) with 

a central camera (3) and up to 9 peripheral inserts (4), covered with corresponding lids (1) and (5). Some of the lids can 

be taken away to accelerate the melt vaporization; D – view of two peripheral inserts (1) and (2), in-between the bottom 

section of which a fluorspar condensate is formed by a shape of segment (3). 

and uncontrollable arising lattice defects have made 

it groundless. Nevertheless the latest very strict 

requirements of vacuum UV and UV-laser optics 

put higher challenges before the growers as 

concerning the purity of starting fluorspar and final 

product and the cost of the later. Here the Single 

Crystal Technology appears a promising method 

for increasing significantly the yield of high-sized 

CaF2 crystals [3]. 

Without comparable industrial effect but 

submitting several specific scientific issues 

appeared the growth of CaF2 crystals from fluorspar 

vapor containing some REs impurities. Such 

starting material was used for development of 

original Bridgman-Stockberger (BS) growing 

technique where, in multi-camera crucible with 

original construction, several boules were grown 

from melts while inhomogeneous substance was 

crystallized from vapor phase in supersaturated 

peripheral crucible compartment [4]. At that the RE 

content in the grown boules can be substantially 

reduces at the expense of enriched correspondingly 

to RE vapor grown substance. The technique’s 

efficiency depends on the ability a given RE to 

form a stable fluoride composition, the ionized 

molecules of which may evaporate easily at the 

temperature of the molten starting fluorspar and the 

pressure over its surface. It was approved the 

process can be put under control if an appropriate 

P-T equilibrium was kept in all crucible cameras. 

These cameras represent several inner axial-

symmetric inserts, loaded with starting grained 

purified fluorspar (or thereof made precursors), and 

put in a peripheral compartment (PC) with annular 

cross-section (Fig. 1B, C). A central compartment – 

“crucible core” – was also loaded with another 

portion of fluorspar. One may adjust P-T conditions 

inside the crucible so that to provide an intensive 

bulk boiling in all peripheral and central melts. This 

way vaporized material supersaturated the free 

space in the PC, initiating nucleation upon its 

coolest bottom section to start, during the slow 

crucible withdrawal towards the lower (“cold”) 

furnace zone. Thus formed crystallite was being 

enriched to those REs, the fluorides of which 

possessed sufficiently high vapor pressure to 

endure effective liquid to vapor phase 

transformation. As a resulting production 

represented a relatively cheap batch of parallel 

boules with very high and close to each other 

optical characteristics that may satisfy even the 

contemporary, mostly strict demands of VUV- and 

UV-optics whereas the PC sublimate, depending on 

the degree of its RE’s concentration, can be used 

for manufacturing selective light-shutters. 

The present survey aims at experimental and 

theoretical investigation of the possible phase 

transformations of fluorspar vapor in the above 

described multi-camera crucible at large varying P-

T conditions, wherein the grown crystallite would 

be expected to possess unique structure and 

properties. This suggests to be determined the triple 

point (t.p.) phase diagram for the used fluorspar 

that would allow being studied the relevant 

alterations in quasi-equilibrium for the proceeding 

mass-transport phenomena and related kinetic 

reactions. The longitudinal cross section view of 

the grown crystallite would reveal how manner the 

crystal habit may change according to phase 

transformations mode. The results are anticipated to 

clarify the mechanisms and regularities that govern 

the processes and phenomena proceeding. This may 
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increase the significance of growing single and 

mixed crystal fluoride compounds from vapor 

phase by modification and/or optimization of the 

applied technique on the base on reliable 

thermodynamic grounds. From geological point of 

view the results can promote model simulations of 

some mineral-genetic processes grounded on HV 

low-gravity emissions that could be thought being 

existed on the Moon or other small sized space 

objects where similar conditions could whenever 

being existed. 

MATERIAL, METHODS AND APPARATUS 

The starting material – grained fluorspar – 

contained several tens ppm in total RE elements 

where cerium was the prevalent one [5]. 

The growing experiments were performed using 

BS apparatus (Fig. 1a), the furnace unit of which 

allows a precise control over the thermal field 

configuration. 

Conditions for condensation or sublimation of 

fluorite vapors were created by super-saturating the 

free space in the PC of the above described multi-

camera mode crucible made by low porous, high 

purity graphite. The crucible cameras were loaded 

by weighed out portions of fluorspar, mixed 

carefully with 2.4 wt.% PbF2 that acted as 

scavenger during the heating stage, thus providing a 

removal – by chemical reactions – of the mostly 

oxygen-containing contaminants [6]. The free 

spaces in crucible cameras were connected to PC 

free space by parallel system of channels, drilled 

axially in corresponding cameras’ lids. The gas-

permeability of the channels, depending on their 

diameter and length, can determine as prevalent one 

of the three possible mass-transport mechanisms: 

Knudsen diffusion, normal diffusion or viscous 

flow. An axial channel in the outer cover of the 

crucible connected its interior to the vacuum 

chamber ambient. The partial and/or total effective 

gas-conductivities of such designed system of 

channels determine the established pressures inside 

the cameras and the PC at a given T-head imposed 

on the loaded crucible. The methodology consisted 

in providing an intensive vaporization of different 

in mass%, but significant partitions from the molten 

portions in the cameras at controlled P-T 

conditions, which led to super-saturation by 

fluorspar vapors of the free space inside the PC, 

with following therein crystallization of condensed 

and/or sublimated substance on the cooler surface 

of the flat bottom in-between the inserts, during the 

slow crucible withdrawal towards the cold furnace 

zone. Essentially, the experiments were 

implemented as combined simultaneous crystal 

growing from melt (inside the cameras) and from 

vapor – in the PC. 

The vaporized quantities were calculated as the 

differences between the initial and final gross 

weights in the loaded inserts. An average time-

duration of the process was taken to estimate the 

vapor fluxes throughout the lids’ channels. 

The T-head upon the molten portions was 

altered to vary differently: up to 34 K (“low” head), 

from 35 to 160 K – “intermediate” head and above 

160 K – “high” head. This way a sequence of 

physical-chemical and/or crystal-chemical 

processes was initiated leading to shift in 

desorption/adsorption equilibrium, evaporation/ 

vaporization by melt boiling, condensation, ionic 

replacements into fluorite lattice, melt and vapor 

crystallization (sublimation). 

Longitudinally processed probes of the 

crystallized material were investigated by optical 

microscope in reflected and transmitted light, 

electron microscope and electron-transmission 

microscope. The used transmission electron 

microscope (TEM) Phillips EM 420 worked with 

accelerating voltage of 100 kV. The needed 

specimens were prepared by the method of wet 

suspending after grinding in alcohol and deposition 

on a perforated carbon film with a thickness below 

0.5 nm, mounted onto 3 mm diameter copper grid 

disks. 
The spectral distribution of the optical 

transmission t was measured at room temperature 

on 2.0  0.15 mm-thick bi-side polished parallel 

plates within an accuracy of  0.3 nm in the 

spectral range 195 – 800 nm using a Varian’s UV-

VIS spectrophotometer Cary 100. The absorption 

coefficient, α, was calculated via Beer-Lamber’s 

formula α = d-1 ln (1/t) with d being the sample 

thickness. These samples were tested as well for 

internal stresses in polariscope/polarimeter PKS-

250 U.4.1. 

The total internal reflection of fine grinding 

probes was measured by using Evolution 300 UV-

VIS Spectrometer of THERMA. 

RESULTS AND DISCUSSION 

The condensation/sublimation of fluorite vapors 

was found to start on segmental areas between the 

particular inserts (Fig. 1D and Fig. 2a). At larger 

resolution it is seen each one segment was built up 

forming a basis representing pseudo-grained 

fluorite aggregate consisting in skeleton CaF2 small 

crystals whereupon one may think being condensed 

and crystallized fluorite drops (Fig. 2b).  
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Fig. 2. Optical microscope pictures of crystallized material in the PC of multicameral crucible imposed 7 hours in HV at 

constant T-head, followed by 28 hours lasting crucible withdrawal with speed of 4 mm per hour in optimized furnace 

unit of BS apparatus. a – condensed fluorspar vapors with segmental shape; b - condensed and crystallized fluorite 

drops; c – selectively grown plate-like and acicular fluorite crystals; d – fluorite drops, surrounded by deeper globules, 

connected by fine particles of graphite and fluorite; e, f – different faceting of crystal faces for the condensed drops; g – 

equal in sizes pits on places found close to inserts’ external surface; h – a stem-like single crystal with hexagonal cross-

section, incorporated into a fluorite drop; k – scale up fragment of picture h. 

On the surface of thus formed basis, numbers of 

plate-like and acicular crystals were grown 

selectively (Fig. 2c). 

The basis with height of ≈ 4 mm was shown in 

Fig. 2d being built in light corns, surrounded by 

deeper globules with diameter of ≈ 1 mm connected 

by fine particles of graphite and fluorite. The drops, 

sized between 4 and 10 mm, turned out clear, 

without any inclusions and defects. The smaller 

ones were found close to ideal sphere while the 

bigger ones represented oblate spheroids. The 

basic-drops boundary was sharply manifested as the 

wetting angle between the sharp surface basic and 

the drops varied from 20 to 60 degrees of circle 

(measured from the SEM photos). This suggests a 

large surface tension for condensing drops. Their 

faceting occurred either with [111] crystal faces or 

with numbers of [110] or [100] rough teeth-like 

edges (Fig. 2e, f). In some cases these details were 

rounded due, more likely, to re-melting the 

crystallized substance and/or sublimation 

phenomena that was identified on Fig. 2g where 

several equal in sizes pits were seen to appear on 

the places found close to inserts’ external surface. 

A case was also observed where a plane was 

faceting a drop (Fig. 2e) that can consider an 

indication for slower crystal growth on (111)-

direction as comparing (100) and (110) directions, 

owing to mass-redistribution from drop’s surface of 

the observed plane zone to the rest part of the 

aggregate. In other case there was observed a stem-

like single crystal with hexagonal cross-section 
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Fig. 3. Longitudinal cross-sectional view in optical microscope of probes taken from the material crystallized in PC: a, 

b – stem- and plate-like crystals, crystallized on (100)- and (110)-directions with rectangular and square cross-sections; 

c, d, e – crystal aggregates – packages of hexagonal plates with acute teeth-like tips; f – splitting and secondary 

selection for growing crystals; undermost – X-ray diagrams of three distinguished zones in the grown aggregates.

grown on (111)-direction that was incorporated into 

a fluorite drop (Fig. 2h) where partial re-melting of 

crystal faces can explain the scale up view of the 

picture (Fig. 2k). At this junction one may suppose 

the observed hexagonal single crystal has been 

grown before the condensation and crystallization 

of the surrounding drop to proceed. 

Going further upwards the studied sample 

aggregate it is seen that from fluorite drops have 

been grown numbers of equal in sizes and with 

equal orientation needle- and plate-like crystals. 

Here some speculative suggestions as regards the 

nucleation mechanism can be done. In the case 

under consideration – as contrasted with the 

crystallization proceeding via (111)-faceting in the 

condensed drop – the crystallization of the stem- 

and plate-like crystals was occurred on (100)- and 

(110)-directions with clearly seen rectangular and 

square cross-section (Fig. 3a, b). 

The orientation of these needle- and plate-like 

crystals should inherit partially the drop’s matrix 

that bore a specific surface of the aggregates – 

packages of hexagonal plates with acute teeth-like 

tips (Fig 3с, d, e). It can be supposed a strong 

competition to proceed between thus growing 

single crystals in supersaturated by fluorspar vapor 

ambient. Owing to that, the growth of crystals, 

being they even insignificantly disoriented outside 

the general (110) and (100)-directions, would be 

totally suppressed. Thence specific rounded off 

cavities arise between the needle- and plate-like 

single crystals in the region of their expansion. 

Considerable effect gained as well the structural 

defects that caused splitting and secondary 

selection for growing crystals (Fig. 3f). 
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Fig. 4. TEM analysis of probes taken from crystal section shaped during the second stage of growing. a – SAEDI along 

[110] direction of area а from crystal (1) shown at (b); b – Microcrystal (1) oriented at (110) plane; c – above eight as 

much higher magnification of area а from the crystal (1). 

 
Fig. 5. TEM analysis of probes taken from crystal section grown during the third stage of the process: a – SAEDI along 

[111] direction of round area from crystal shown at (b); b – micro-crystal oriented at (111) plane; c – polycrystal 

SAEDI of round area from crystal shown at (d) d – microcrystals with grain-shaped structure. 

By X-rays phase analysis were distinguished 

three zones of grown fluorite aggregates, and their 

stoichiomerty were found to correspond of pure 

CaF2 without any X-raying peculiarities (Fig. 3-

undermost). 

The electron diffraction analysis performed by 

TEM manifested the growth of needle- and plate-

like crystals on definite fluorite drop should be 

accompanied by its (111)-epitaxy related to (110)- 

and (100)-epitaxy for corresponding basic forms. 

The surface atomic layer should be modulated due 

to establishing radius for drop’s rounding that 

would cause splitting of the crystal lattice for 

growing on the drop crystals. These processes were 

identified on the electron-diffraction pictures as 

enlargement and splitting of the index reflection 

spots. 

Three samples thought relevant to different 

growth stages were investigated by TEM analysis. 

In the sample corresponding to the first growth 

stage (primary vapour phase crystallization) the 

µm-sized crystals were observed (Fig. 4b). The 

obtained selected area electron diffraction image 

(SAEDI) showed that the different particles 

actually are single-crystals. The point maximums 

are arc-like splited and the arcs (indicate with 

arrow) are curved at round 10° (Fig. 4a). After 

multiple magnifications of the particles (Fig. 4c), 

the diffraction contrast visualized nano-sized defect  
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Fig. 6. TEM analysis of probes taken from crystal section grown during the first stage of the process: a – SAEDI along 

[112] direction of area а from crystal (1) shown at (b); b – micro-crystal (1) oriented at (112) plane. 

areas disoriented up to 10°, which coincide with the 

arc-like splitting of diffraction maximums. 

In the sample from the second growth stage it 

was observed a drop-like crystal, round 1 cm in 

diameter, built from nm to µm separate mono-

crystals (Fig. 5b, d). SAEDI showed the existence 

of satellite (indicate with arrow) reflexes, the 

disposition of which approved a perfect structure of 

mono-crystals (Fig. 5a). The mono-crystals are 

situated accidentally each by other and formed 

poly-crystal SAEDI where no proofs for 

texturization exist (Fig. 5c, d). 

The sample from the third growth stage is 

present from micro-crystals, grown on the crop-like 

crystal. Fig. 6a shows the SAEDI from [112] 

direction, resultant from the micro-crystal on Fig. 

6b. 

It is seen that two satellite point maximums are 

situated at both sides of each main maximum at 

angle round 2º. The particle morphology shows 

mono-crystal (marked on Fig. 6b. as 1) with [110] 

growth direction, development of the (131) and 

(311) crystal faces. One can observe and the second 

one crystal (marked on Fig. 6b as 2 and with dotted 

lines), fused with the first one on (111) crystal face, 

and having the same growth direction, development 

of the same crystal faces. Round 2º fusion angle 

was measured between the two crystals, which 

coincides with the angle between the satellite point 

maximums. 

The analyzed view of SEM-microscopy pictures 

allowed to be reconstructed the growth itself. It was 

started with slightly disoriented each other nano-

crystals joined in micro-crystals, which were 

differently oriented to the matrix and created a thin 

layer. After the thin layer was grown the drop-like 

poly-crystal aggregate was built up from perfect 

mono-crystals different in sizes. Over them grew up 

small-angle fused mono-crystals due to the almost 

spherical matrix.Spectrophotometric analysis (Fig. 

7) was performed using 4 samples, two of which 

(sample 1 and 2) were taken from boules grown 

into different crucible inserts whereas the other two 

(sample 3 and 4) – from crystallized material after 

condensation/sublimation of fluorspar vapor in the 

peripheral crucible compartment during the same 

growth run. It is seen the spectra of samples 3 and 

4, grown from the vapor phase, contain two clear 

bands which, according to literature [7-10], can be 

attributed to absorption near 198 and 306 nm due to 

4f – 5d electron transitions in Ce3+. The peaks 

positions for both crystals were found being slightly 

shifted at 197.3 nm and 302.5 nm, respectively.  

 
Fig. 7. Optical absorption coefficient spectra of CaF2 

single crystals grown in different crucible compartments 

from melt (samples 1 and 2) and from vapor phase 

(samples 3 and 4). 

One may suppose that fact is being a result of Sr 

replacement for Ca into fluorite lattice, the presence 

of which in the starting raw material was identified 

by independent AAS analysis to vary within 0.03 

and 0.05 wt % [11]. Thence, in accordance with 

previously published data [12], a conclusion was 

made the investigated samples can be considered as 

a mixed Ca1-xSrxF2 system with a very small x-

proportion where part of Sr bi-valence ions have 

been replaced by cluster formations of Ce3+ ions 

compensated by F--interstitial. The efficiency of 

such replacement has been studied being high for 
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single alkali-earth host crystals [8] as well as for 

mixed calcium strontium fluoride system [11]. 

The spectra of samples 1 and 2 (grown from 

non-vaporized melts in crucible inserts) did not 

reveal a presence of any absorption bands that 

suggests, in practicle, all Ce ppm-amount has been 

transmitted from liquid to vapor phase and 

crystallized thereof aggregates. The absorption 

coefficient spectra for samples Nos. 1, 2 and 3 are 

close to each other along the whole visible spectral 

range, from 400 to 800 nm, manifesting a gradual 

decrease therein, covered relatively narrow region 

(0.4 – 0.3 cm-1). The steeper slope of curve 3, 

similar to that of curve 4, manifests a better 

microstructure for both samples grown from vapor 

phase, despite the curve 4 was located much higher 

compared to the other three curves, indicating a 

presence of light-scattering centers, caused by very 

fine graphite inclusions ramdomly dispersed in this 

sample, established by SEM microprobe analysis. 

At the same time, the performed comparative 

polarimetry of the investigated four samples 

showed an absence of residual stresses (deep purple 

coloration) of samples 3 and 4, in contrast to 

samples 1 and 2 wherein the deep purple was 

surrounded by narrow strips of red (22 nm/cm) and 

blue (108 nm/cm) colors. This result can be 

explained by external pressure whereupon the 

growing boules have been undergone from the wall 

of the inserts while similar effect should not appear 

in the PC at the places where the crystals were 

grown free of such pressure. 

The view and optical properties of crystal 

aggregates grown in the PC lead to conclusion of 

their 3-stage formation. Thermodynamically such 

suggestion can be supported accepting relevant 

alteration in P-T conditions according to triple point 

phase equilibrium: CaF2βcr– CaF2melt – CaF2vap 

established inside the PC. Taking ln-form for P-

phase equilibrium: 

lnP(CaF2βcr) = lnP(CaF2melt)       (1) 

where the vapor pressure – T relationships for 

tetragonal β-CaF2 crystal phase and liquid CaF2 are 

expressed by [13]: 

CaF2βcr: lnP(atm) = -53480/T – 0.525lnT + 56.08 (2) 

CaF2melt: lnP(atm)=-50200/T– 4.525lnT + 53.96  (3) 

one can easily calculated the lowest possible t.p. 

being at T = 1689 K (1416 oC) and P = 8.35.10-5 

bars or 0.0635 torr. At such P-T conditions 

established in the peripheral crucible compartment, 

vapor to crystal phase transition (sublimation) 

should start on places where T < 1689 K. At the 

same time, the maintained low total vapor pressure 

inside the crucible inserts/central camera provides a 

mode of bulk boiling into the melts that initiate an 

intensive vaporization, exceeding considerably the 

surface evaporation. Besides, the cooling of the 

lower section of overheated crucible below 1689 K 

will start in a very short time after it has been 

moved towards the lower (“cold”) furnace zone. 

As higher temperature head has been imposed 

on fluorspar melts in the inserts, that is, when 

overheating T has been set up above 1689 K, the 

sublimation/bulk boiling processes would occur at 

relevant higher super-saturation pressure Ptub > 

0.0635 torr following the P - T phase diagram on 

Fig. 8a. Supplement control can be implemented 

efficiently by appropriate alteration of the effective 
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Fig. 8. a – Ln-dependence of boiling temperature on equilibrium pressure inside the different crucible cameras 

(inserts). b – Boiling temperature of CaF2 melts in crucible inserts versus total gas-conductivity in corresponding lids’ 

channels. 
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total gas-conductivity for the system of inner 

parallel lids’ channels and the channel in the 

general crucible cover (Fig. 8b). 

For each one P-T combination conditioned 

being below the equilibrium curve (Fig. 8a) the 

sublimation and bulk boiling will be totally 

suppressed being replaced by vapor to liquid phase 

transition (condensation). This will occur when the 

vacuum system succeeds to maintain a residual 

pressure inside the crucible below the found lowest 

value of 0.0635 torr in the t.p. phase diagram. Here 

the vacuum system influence can be kept under 

control by altering appropriately the channel gas-

permeability of the outer crucible cover so that 

being provided Knudsen diffusion in it as the 

slowest possible mass-transport mechanism 

independent on the mean pressure into the channel. 

The condensate will start to crystallize upwards on 

the places, the temperature of which was dropped 

below the fluorspar m.p. T, that is, near to the 

bottom of the crucible during its penetration into 

the cold furnace zone Z2. On this thermodynamic 

ground, the three stages of aggregates’ formation 

can find a reasonable explanation. 

The first stage should cover the initial time 

interval of crucible movement towards Z2 when P-

T conditions in the PC have been adjusted – by 

appropriate chosen T-pressure and/or channels’ gas-

conductivities – being stayed higher than P-T phase 

equilibrium curve shown in Fig. 8a. Such 

thermodynamic conditions mean super-saturation 

by fluorspar vapor of the free space in this 

compartment. It occurs when the general channel 

gas-permeability is being chosen sufficiently low to 

determined Knudsen diffusion for gaseous/vapor 

molecules and ions along the channel, whereat its 

mass-transport resistance restricts the vapor flux 

towards the vacuum chamber. Such conditions are 

favorable for appearance of numbers of nucleation 

centers on definite spots of the inner flatten surface 

of crucible bottom (bounded by relevant catenaries 

pertaining to the round solid grounds of the inserts) 

in conjunction with its microstructure. These 

centers lead to spontaneous growth of the observed 

crystallites and very small globules. In fact the 

established vapor pressure in the compartment 

depends on both, the effective total gas-

conductivity of the system of inner lids’ channels 

and the channel of the general crucible cover. Thus 

the thermodynamic conditions in the PC may be 

adjusted precisely choosing appropriate gas-

permeability’s combinations. 

Since the sublimation growth rate upwards is 

lower as compared to the speed of crucible 

withdrawal throughout the adiabatic furnace zone, 

characterizing itself by a steep negative vertical T-

gradient, the mean temperature in the compartment 

start to decrease, as the T-fall will be faster nearby 

the sublimating on the ground aggregates. 

Simultaneously, the level of super-saturation 

pressure drops down in accordance with strong T-

dependence (≈ T2.3 [5]) of the attenuating bulk 

boiling mechanism into the melts. As a result the 

probability for condensation and following growth 

of fluorite drops upon the already grown 

globules/crystallites will rise up sharply (stage 2) 

what really occurs as it is seen on the pictures in 

Fig. 2 and Fig. 3. 

The last (third) stage supposes the super-

saturation to increases again over the equilibrium 

owing to accelerating growth in the condensed 

drops whereat the temperature of their tip surface 

tends to increase rapidly towards the corresponding 

phase equilibrium value. As a result of that needles 

and plates start to grow up upon the drops. As 

intensively these forms are growing as larger the 

liberated specific heat of crystallization becomes 

that leads to supplementary re-heating the 

aggregates with great probability for their partial re-

melting. This explains the observed microscopic 

pictures on Fig. 2h, k. 

Speculating with these results, one could 

suppose similar mechanism to induce growth of 

huge number of various fluorite crystal aggregates 

at specific Moon’s conditions (HV, low gravity, 

high-T) when, million years ago, large areas of its 

surface has been occupied by basaltic likes. These 

likes could think being a source of intensive 

evaporation of fluorite at low gravity and absence 

of atmosphere. This mineral may suggest being 

present in the wombs of the Moon in the very early 

time of its formation as Earth’s satellite. Further, 

one can suppose the evaporated in the space 

substance to fall dawn slowly on the surface due to 

gravity force, whereon to condense and crystallize 

and/or sublimate on mostly cool poles’ regions of 

the Moon. The very high brightness of 10.0 (and 

correspondingly estimated albedo) that has been 

established for certain regions on the Moon (for 

example the central peaks of Aristarchus [14,15]) 

means reflectivity close to 100% within a large 

spectral region. Similar reflectivity spectra are 

found for investigated CaF2 aggregates (Fig. 9). 

As seen the corrected baseline shows 100% 

relative reflectance, that is, zero absorbance within 

Vis – near IR. Maximum absorbance is observed in 

UV region manifested by a slight peak at 265 nm. 

The similarity for reflectivity spectra pertaining to 
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aggregates’ crystals in study and some Moon’s 

regions is a ground for providing further 

exploration. This way one could approve or reject 

the proposed challenging hypothesis for existing 

nowadays regions on the Moon where to be found 

any crystalline fluorite. 
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Fig. 9. Reflectance spectrum of CaF2 powder ground 

from the aggregates grown in PC of the crucible. The 

baseline was corrected to spectrum of reference sample: 

Prectralon – PTFE with reflection of 99% in 400–1400 

nm region and >95% – in 200–250 nm region. 

CONCLUSIONS 

The CaF2 vapor growth mechanism may be 

altered controllably to produce complex crystal 

aggregates depending on established P-T quasi-

equilibrium in evacuating permanently space. This 

is attained by appropriate alteration of temperature 

head whereto are imposed several molten portions 

of fluorspar in multi-camera crucible accordingly 

the sizes (gas-permeability) of the channels 

connecting different section in crucible interior and 

ambient. Sufficiently small sizes of the channels 

provide Knudsen type diffusion that determines the 

slowest possible rate for proceeding mass-transport 

processes in vapor/gaseous phase that leads to fast 

supper-saturation by CaF2 vapor the free space in 

the crucible, the movement of which towards to 

cooler furnace zone causes relevant alteration in P-

T phase equilibrium. The complicated habit of 

grown aggregates is formed during three 

consecutively proceeding growing stages in 

accordance with the induced thermodynamic 

alterations providing direct vapor to solid phase 

transformation (sublimation) or indirect one – via 

vapor condensation and following crystallization. 

The sublimated crystals appear free of any residual 

stresses whereas simultaneously grown boules from 

non-vaporized melts in crucible cameras show 

stresses’ distribution characteristic of the external 

pressure imposed from cameras’ wall on growing 

crystal. The optical transmission spectrum t of the 

boules is considerably better, especially in the UV, 

comparing to crystal aggregates containing 

randomly dispersed graphite inclusions, the t-

spectra of which aggregates show several peaks of 

light-absorption specific for calcium strontium solid 

solution system. The aggregates manifest as well 

nearly full reflectivity from Vis to near IR region. 

The clarification of the growth mechanism of 

CaF2 from vapor phase by using natural fluorite as 

starting material and how it could be efficiently 

controlled gives opportunity for optimization of the 

existing but as well for developing new more 

efficient techniques on the base of effective phase 

transformation control so that to be produced low 

cost crystals with improved characteristics at the 

expense of deep RE-purification of the starting 

material. These techniques are supposed being 

appropriate for growing several mixed fluoride 

crystal systems with unique properties. 

The results can be used for modeling fluorite 

mineralization from vapor phase in HV conditions 

where the crystal habit is being widely varied. Such 

models are ground for hypothesizing similar 

crystals formations could be found on the Moon in 

differentiated as isolated mineral fluorite deposits. 

REFERENCES 

1. N.P. Yushkin, N.V. Volkova, G.A. Markova, 

Opticheskii Fljuorit, Nauka, Moskwa, 1983, p. 20 (in 

Russian). 

2. J.T. Mouchovski, Prog. Cryst. Growth Charact. 

Mater., 53, 79 (2007). 

3. K.A. Pandelisev, in: The 2nd Intern Symp on 157 

Lithography, Dana Point, CA, USA, 14-17 May 2001. 

4. J.T. Mouchovski, V.Tz. Penev, R.B. Kuneva, Cryst. 

Res. Technol., 31, No. 6, 727 (1996). 

5. I.T. Mouhovski, in: Optical fluorides: purification and 

crystal growing, applicability and perspectives, Akad. 

Izd. “M. Drinov”, Sofia, 2013, p. 145. 

6. J.T. Mouchovski, V.B. Genov, L. Pirgov, V.Tz. 

Penev, Mater. Res. Innovations, 3, 138 (1999). 

7. A.A. Kaplyansky, V.N. Medvedev, P.P. Feofilov, Opt. 

Spectrosc., 14, 664 (1963) (in Russian). 

8. E. Loh, Phys. Rev., 154, 270 (1967). 

9. E. Loh, Phys. Rev., 147, 332 (1966). 

10. D.S. McClure, Ch. Pedrini, Phys. Rev. B, 32, 8465 

(1985). 

11. I. T. Muhovski, in: Izrastvane na optitzeski kristali ot 

CaF2, NACID, CNTB, Sofia, 2006 (in Bulgarian). 

12. B. Kostova, J. Mouchovski, O. Petrov, L. Dimitrov, 

L. Konstantinov, Mater. Chem. Phys., 113, 260 

(2009). 

13. E. Gmelin, in: Handbuch der anorganischen Chemie, 

Weinheim/Bergstr. Verlag Chemie, GMBH., 1976, 8 

Auflage, Teil C3, Vol. 39, p. 78. 

14. http://en.wikipedia.org/wiki/Aristarchus_(crater). 

15. http://www.youtube.com/watch?v=aqpdN5isp8Y. 

J. Mouhovski et al.: High vacuum phase transformation of fluorspar vapors to crystal aggregates 

http://www.google.bg/url?sa=t&rct=j&q=E.+Gmelin%2C+%E2%80%9CHandbuch%2C%E2%80%9D+1976&source=web&cd=5&ved=0CEoQFjAE&url=http%3A%2F%2Fnew.iucat.iu.edu%2Fcatalog%2F1730473&ei=LADsUMjEIYzDtAb3woGYAQ&usg=AFQjCNE9QC-r9MrKIEKepZ1bcuYMPlRqGQ&cad=rja
http://en.wikipedia.org/wiki/Aristarchus_(crater)
http://www.youtube.com/watch?v=aqpdN5isp8Y


78 

  

 

 

ВИСОКОВАКУУМНИ ФАЗОВИ ПРЕВРЪЩАНИЯ НА ФЛУОРИТОВИ ПАРИ В 

КРИСТАЛНИ АГРЕГАТИ 

Й. Муховски*, O. Витов, В. Димов, Б. Костова, С. Гечев 

 
Институт по минералогия и кристалография "Акад. Иван Костов", Българската академия на науките, 

ул. „Акад. Георги Бончев, бл.107, 1113 София, България 

Постъпила на 4 април, 2013 г.; приета на 24 април, 2013 г. 

(Резюме) 

Комплексни кристални флуоритови агрегати са израсли от парна фаза при специфични P – T условия. Квази-

равновесието за протичащите масопреносни процеси, фазовите превръщания и кристално-химичните реакции е 

постигнато в многокамерен тип тигел чрез промяна на температурния натиск, приложен върху разтопени 

порции от естествен флуорит и/или чрез подходящо вариране на  газопропускливостта на каналите, свързващи 

различни секции от вътрешността на тигела с околната вакуумна среда. Размерите на каналите са намалени, 

така че да обезпечат Кнудсенов тип дифузия, ограничавайки по този начин скоростта на паропренасянето през 

тях, водещо до свръхнасищане на периферното отделение на тигела. Израслите агрегати разкриват сложен 

хабитус, образуван по време на триетапния процес на израстване и обезпечен от отговорните за това 

термодинамика и фази. В агрегатите не се наблюдават остатъчни напрежения, докато такива се разграничават 

ясно в були, едновременно израсли с тях от неизпарената част на стопилките в камерите на тигела. Оптичната 

пропускливост на булите е значително по-висока от тази, измерена за кристалните агрегати, особено в 

ултравиолетовия  спектрален диапазон, разкривайки няколко ивици на специфична светлинна абсорбция, 

дължащи се на увеличено присъствие на редкоземни (РЗ) примесни центрове в кристалната решетка. 
Агрегатите разкриват тяхната практически пълна отражателна  способност от видимата до близката 

инфрачервена спектрални области. Механизмите за растеж от газова фаза при използване на природен флуорит 

с РЗ примеси са обяснени въз основа на термодинамични съображения, което позволява надежден контрол 

върху процесите. Предполага се, че резултатите ще спомогнат за разработването на нови перспективни техники 

на кристален растеж от парна фаза на някои флуорни съединения със сложна структура и състав, но с широко 

приложение. Може да се допусне, че подобни механизми на растеж на CaF2 кристали са съществували през 

началния период от формирането на Луната. 
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Nano silica phosphoric acid has been found to be an extremely efficient catalyst for the preparation of 2,4,5-

trisubstituted imidazoles via three-component reactions of benzil, aldehydes and ammonium acetate under solvent free 

conditions. This process is simple and environmental benign in good to excellent yields. Furthermore, the catalyst can 

be recovered conveniently and reused for at least three times with a gradual decline in activity. 

Keywords: 2,4,5-trisubstituted imidazole, nano-silica phosphoric acid, benzil, solvent-free conditions, heterogeneous 

catalyst. 

INTRODUCTION 

Compounds with an imidazole moiety have 

many pharmacological properties and play 

important roles in biochemical processes [1] Many 

of the substituted imidazoles are known as 

inhibitors of fungicides and herbicides, plant 

growth regulators and therapeutic agents [2]  

Recent advances in green chemistry and 

organometallic chemistry have extended the 

boundary of imidazoles to the synthesis and 

application of a large class of imidazoles as ionic 

liquids and imidazole related N-heterocyclic 

carbenes [3]. The best reported route for synthesis 

of 2,4,5–trisubstituted imidazoles is presented by 

condensation of benzil, aldehydes and ammonium 

acetate in the presence of an acidic catalyst.  

 Recently some catalysts such as L-Proline [4], 

montmorrilonite K10 [5], zeolite [5], nano sulfated 

zirconia [5], [EMIM]OAc [6], Zr(acac)4 [7], 

[HeMIM]BF4 [8], HOAc [9], tetra- butyl 

ammonium bromide (TBAB) [10], polymer-

supported zinc chloride [11] and potassium di-

hydrogen phosphate [12] have been applied for the 

above mentioned route.  

Some of the reported protocols have 

disadvantages such as harsh reaction conditions, 

poor yields, prolonged reaction times, use of 

hazardous and often expensive acid catalysts. 

Moreover, the synthesis of these heterocycle 

compounds has been usually carried out in polar 

solvents such as ethanol, methanol, acetic acid, 

DMF and DMSO leading to uncomfortable 

isolation and recovery procedures. These processes 

also have generated wastes containing catalysts and 

solvents, which must be recovered, treated and 

disposed off. During the course of our studies 

towards the development of new protocols to the 

synthesis of organic compounds, we wish to report 

a simple and efficient method for the synthesis of 

2,4,5-triaryl substituted imidazoles in the presence 

of nano-silica phosphoric acid (nano-SPA) under 

solvent free conditions. 

EXPERIMENTAL 

Material and methods 

Chemicals were purchased from Sigma–Aldrich 

and Merck chemical companies and were used 

without any purification. All products were 

characterized by their FT-IR, 1H-NMR and 

comparison of their physical properties with those 

reported in the literature. FT-IR spectra were 

recorded on a Bruker, Eqinox 55 spectrometer. In 

all cases, the 1H-NMR spectra were recorded on a 

Bruker DRX-400 Avance instrument. Nano-SPA 

was synthesized according to SPA procedure [22]. 

The SEM photograph of nano particles was 

determined with VEGA/TESCAN scanning 

electron microscope. The TEM photograph was 

determined by Leo 912AB OMEGA microscope. 

General procedure for the synthesis of 2,4,5-

trisubstituted imidazoles 

Benzil (4 mmol), aldehyde (4 mmol), 

ammonium acetate (8 mmol) and nano-SPA (0.04 

g) was heated with stirring at 140 °C for 3 h (Table 

2). The progress of the reaction was followed by 

TLC on silica gel polygram SIL G /UV 254 plates. 
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After completion of the reaction, the mixture was 

cooled to room temperature. CHCl3 was added to 

the mixture and filtered to remove the catalyst. 

After evaporation of the solvent, an oily residue or 

an impure solid was obtained. By adding ethanol 

and water to the residue, a milky to yellow solid 

was obtained. The solid was then crystallized from 

ethanol. All products are known and were identified 

by comparison of their physical and spectral data 

with those of authentic samples.  

RESULTS AND DISCUSSION 

Nano silica phosphoric acid (nano-SPA) as an 

efficient and reusable catalyst was prepared by 

reaction of nano-silica chloride with dry phosphoric 

acid. Nano silica chloride was prepared by reaction 

of commercial nano silicagel with thionyl chloride 

in reflux condition. The particle size of nano-SPA 

was measured by SEM and TEM phothography 

(Figure1). As it is shown in SEM and TEM 

photographs, the scale of nano-SPA particles are 

smaller than 100 nm.  

The acidic capacity of nano-SPA was presented 

10.32 mmol. g-1. It was determined via titration of 

0.2 g of nano-SPA with standard solution of NaOH. 

The FT-IR (ATR) spectra of silica chloride, nano-

SPA and H3PO4.SiO2 were shown in Figure 2. In all 

ATR spectra, the Si-O-H and Si-O-Si stretching 

bands are appeared in the range of 900 to 1100 cm-

1. In silica chloride spectrum, the Si-Cl stretching 

band is appeared in 700 cm-1. In ATR spectra of 

nano-SPA and H3PO4.SiO2, the P-O-H, P=O, P-O 

stretching bands are appeared in 910-1040, 1637 

and 2400-2800 cm-1 respectively. According to 

above data, we have suggested the structure for 

nano-SPA with PO3H2 on silica gel (Scheme 1). 

The X-ray diffraction (XRD) patterns of nano-

SiO2 and nano-SPA are shown in Figure 3. Nano-

SiO2 XRD pattern has a strong peak in 2θ value of 

21.8024° and FWHM equal to 1.771 and nano- 

SPA XRD pattern has a strong broad peak in 

21.718 and FWHM equal to 2.3616.  

 

 

(a) (b) 

 

 

(b) 

 
 

Fig. 1.. SEM (a) and TEM (b) photographs of nano SPA. 

 

O

Si
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OH
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Scheme 1. A proposed structure for nano-SPA. 
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Fig. 2. ATR of (a) silica chloride, (b) nano-SPA and c) H3PO4.SiO2. 

 

(a) 
(b) 

 
Fig. 3. X-ray diffraction (XRD) pattern of a) nano SiO2 and  b) nano-SPA 

To find the optimum condition for the synthesis 

of 2,4,5-trisubstituted  imidazoles in the presence of 

solid acid, we have synthesized 2, 4, 5-triphenyl 

imidazole in the presence of SPA and nano-SPA 

under various conditions (Table 1). 

Reactions at different temperatures and various 

molar ratios of substrates in the presence of SPA 

and nano-SPA revealed that the best condition was 

presented as solvent-free at 140 °C and a ratio of 

aldehyde (mmol): benzil (mmol): ammonium 

acetate (mmol): nano-SPA (g) equal to 1:1:2:0.01. 

The reusability of the nano-SPA catalyst was also 

examined for three times. After each run, the 

product was filtered, the solvent was evaporated 

and the catalyst was washed with CHCl3 and 

reused. Treatment with CHCl3 removes tars more 

efficiently from the catalyst surface (table 1, entries 

14 and 15). The catalyst was reusable, although a 

gradual decline in activity was observed. Therefore, 

various aldehydes were used as substrates for the 

synthesis of 2,4,5-tri-substituted imidazoles at 

140°C under solvent-free condition (Scheme 1 and 

Table 2). 
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Table 1. Synthesis of 2,4,5-triphenyl imidazole using SPA or nano-SPA under different conditionsa 

 

N

N

OO

+

CHO

+ NH4OAc

Catalyst

H

2

 
aThe molar ratio of  benzaldehyde: benzil: ammonium acetate is equal to 1:1:2 

Entry Catalyst, (g) Solvent Condition Time, (h) Yield, (%) Ref. 

1 SPA (0.05) - 120 °C 3 60 - 

2 SPA (0.06) - 120°C 3 50 - 

3 SPA (0.06) - 140°C 3 92 - 

4 SPA (0.06) DMSO 110°C 3 86 - 

5 SPA (0.06) CH2Cl2 45 °C 24 20 - 

6 SPA (0.06) n-Hexane 50 °C 24 50 - 

7 SPA (0.06) EtOH 75°C 6 48 - 

8 SPA (0.06) HOAc 80°C 24 50 - 

9 SPA (0.06) MeOH 65 °C 6 46 - 

10 SPA (0.06) Isopropanol 82°C 6 45 - 

11 SPA (0.06) - Ball mill 30 (min) 60 - 

12 SPA (0.06) Ethyl acetate Ultrasound 30 (min) 70 - 

13 nano-SPA (0.01) - 140 °C 3 95 - 

14 nano-SPA (0.01), 2nd run - 140 °C 4 65 - 

15 nano-SPA (0.01), 3rd run - 140 °C 4 50 - 

16 L-Proline MeOH 60°C 9 90 [4] 

17 Zeolite EtOH reflux 60 (min) 80 [5] 

18 K10 EtOH reflux 90 (min) 70 [5] 

19 Nano –sulfated zirconia EtOH reflux 45 (min) 87 [5] 

20 [EMIM]OAc EtOH Ultasound/r.t. 45 (min) 87 [6] 

21 Zr(acac)4 EtOH Ultasound/r.t. 25 (min) 94 [7] 

22 Zr(acac)4 EtOH reflux 2.5 90 [7] 

23 [HeMIM]BF4 - MW 2 (min) 93 [8] 

24 - HOAc MW 5 (min) 98 [9] 

25 TBAB Isopropanol 82°C 20 (min) 95 [10] 

26 Polymer-ZnCl2 EtOH reflux 4 96 [11] 

27 KH2PO4 EtOH reflux 40 (min) 93 [12] 

28 SSA - 130 °C 50 (min) 83 [14] 

29 SSA - mw 10 (min) 85 [14] 

30 I2 EtOH 75°C 15 (min) 99 [15] 

31 [Hbim]BF4 - 100°C 25 (min) 93 [16] 

32 InCl3.3H2O MeOH r.t 12 73 [17] 

33 - PEG-400 110°C 1/5 88 [18] 

34 Yb(OTf)3 HOAc 70°C 2 92 [19] 
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Table 2. Synthesis of 2,4,5-trisubstituted imidazoles in the presence of nano-SPA at 140 °C and solvent free condition 

in 3 hours.a 

 

N

N

Ph

Ph O

O

+ Ar

O

H + NH4OAc

solvent free    

140 oC,3 h

Ph

Ph Ar

H

nano-SPA
2

 
                                    aThe molar ratio of  aldehyde: benzil: ammonium acetate is equal to 1:1:2 

yrtnE Ar 
Yield, 

(%)b 

M.P., °C (lit.) 
Ref. 

1 5H6C 90 274(274-275) [6] 

2 4H6C3CH-4 87 236(227-229) [14] 

3 4H6C2NO-4 78 239-242))240 [6] 

4 4H6ClC-4 85 260-262))261 [5] 

5 4H6OMeC-2 93 210-211))210 [4] 

6 4H6OMeC-4 94 230 (230–231) [7] 

7 4H6ClC-2 80 188))186 [16] 

8 3H6DiClC-2,4 88 174-175))175 [7] 

9 4H6BrC-4 80 254(254-256) [5] 

10 4H6C2NO-2 88 230 (230–231) [4] 

11 4H6C2NO-3 89 >300 (>300)[ [18] 

12 4-OH C6H4 90 267 (265–267) [18] 

13 2-BrC6H4 80 201 (201-202) [6] 

 

CONCLUSION 

In this article, we have synthesized nano silica 

phosphoric acid and studied its structure with FT-

IR, XRD, SEM and TEM. A simple method for the 

synthesis of 2,4,5-trisubstituted imidazoles using 

nano-silica phosphoric acid as a reusable, eco-

friendly, inexpensive and efficient catalyst was 

demonstrated. Short reaction times, high yields, 

simplicity of operation and easy work-up are some 

advantages of this method. 
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НАНО-СИЛИЦИЕВО-ФОСФОРНА КИСЕЛИНА КАТО ЕФЕКТИВЕН КАТАЛИЗАТОР 

ПРИ ЕДНОСТЕПЕННАТА СИНТЕЗА НА 2,4,5-ТРИ-ЗАМЕСТЕНИ ИМИДАЗОЛИ В 

ОТСЪСТВИЕ НА РАЗТВОРИТЕЛ 
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(Резюме) 

Установено е, че нано-силициево-фосфорната киселина е изключително ефективен катализатор за получаването 

на 2,4,5-тризаместени имидазоли чрез три-компонентна реакция на бензил, алдехиди и амониеш ацетат в 

отсъствие на разтворител. Процесът е прост и съвместим с опазването на околната среда, като дава високи 

добиви. Освен това катализатирът лесно се регенерира и мове да се използва трикратно с постепенно спадане 

наактивността му. 
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Design, synthesis and pharmacological screening of some [3-benzoyl-5-(4-

substituted)-2, 3-dihydro-1,3,4-oxadiazol-2-yl] and [5-(4-substituted)-4H-1, 2, 4-

triazol-3-yl] derivatives 
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A novel series of some substituted  [3-benzoyl-5-(4-substituted)-2,3-dihydro-1,3,4-oxadiazol-2-yl] and [5-(4-

substituted)-4h-1,2,4-triazol-3-yl] derivatives  were prepared from benzoic acid hydrazones with the aim to get better 

antibacterial activity, antifungal activity, antitubercular and anti-inflammatory activity. Chemical structures of 

synthesized compounds were supported by means of IR, 1H NMR and mass spectroscopy. Title compounds were 

evaluated for antibacterial activity, antifungal activity, antitubercular and anti-inflammatory activities. QSAR for the 

tittle compounds had been performed using TSAR 3.3 software and results were found satisfactory. Among the 

synthesized compounds some compounds found to possess all these activities 

Key-words: QSAR, antibacterial, antifungal, antitubercular, anti-inflammatory activity. 

  

INTRODUCTION 

As the currently marketed drugs like isoniazide 

offer resistance against tubercle bacilli there is need 

to develop newer chemical entities which offer least 

resistance with suitable molecular modifications 

such as conversion into corresponding aryl 

Oxadiazoles, 1,2,4-triazole derivatives. This found 

fruitful in relieving these problems associated with 

currently marketed antitubercular drugs. Microbial 

infections have become more dreadful and 

dangerous so the search of new antibiotics and 

antibacterial is a continuous process in drug 

discovery.  The 1,3,4-oxadiazole and 1,2,4-triazoles  

had been reported for various biological activities 

like antimicrobial activity [1], antitubercular 

activity[2], anticancer activity[3], anti-

inflammatory activity[4] ,  MAO inhibitors [5]  , 

analgesic activity [6], glycogen synthase kinase-3β 

inhibitors [7] etc. With reference to above reported 

medicinal utilities of  5-aryl-1,3,4- Oxadiazoles and 

1,2,4-triazole derivatives promote to synthesize 

new potential 5-aryl-1,3,4- Oxadiazoles and 1,2,4-

triazole derivatives and evaluate its possible 

pharmacological activities like antifungal, 

antibacterial, anti-HIV, anticancer, antitubercular, 

antiviral  etc. Based on these observations it was 

planned to synthesize some 5-aryl-1, 3, 4-

oxadiazole and 1, 2, 4-triazole derivatives and 

screened for antimicrobial, antitubercular and anti-

inflammatory activities. 

EXPERIMENTAL 

Materials&Methods 

Melting points were determined in open 

capillary method and are uncorrected. The 1H-NMR 

spectra were recorded on sophisticated multinuclear 

FT-NMR Spec-trometer model Advance-II 

(Bruker) using dimethylsulfoxide-d6 as solvent and 

tetramethylsilane as internal standard. IR spectra 

were recorded on Thermo Nicolet IR 200 

spectrophotometer using KBr disc method. 

Biological activity (anti-inflammatory activity) 

values are reported as inhibitory activity on 

Carrageenan induced rat paw edema (% inhibition 

at 2 hr). Pharmacological screening values therein 

were converted into Log (% Inh) were used for 

multiple correlation analysis with descriptors 

generated using TSAR 3.3 software. 

QSAR Methodology 

All molecules were drawn in Chem draw ultra 

8.0 module in Chemoffice 2004 software and 

imported into TSAR software. Charges were 

derived using Charge 2-Derive charges option and 

optimized by using Cosmic-optimize 3 D option in 

the structure menu of the project table. Substituents 
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were defined and descriptors were calculated for 

whole molecule as well as for the Substituents. 

Several equations were generated correlating both 

Log (% Inh) with physicochemical parameters 

(descriptors) by multiple linear regression analysis 

(MLR) method. Data was standardized by range 

and leave one out method was used for cross 

validation. Models were excluded if correlation was 

exceeding 0.9 for more rigorous analysis. 

Correlation matrix was generated to find any 

Intercorrelation between the descriptors. 

Intercorrelation between the descriptors in the final 

equation is less than 0.2. [8] 

Antimicrobial screening 

Antibacterial activity 

The newly prepared compounds were screened 

for their antibacterial activity against Escherichia 

coli (MTCC 443), Bacilus subtilis  (ATCC12228) 

and Staphylococcus aureus (ATCC25923) bacterial 

strains by disc diffusion method. In all the 

determinations tests were performed in triplicate 

and the results were taken as a mean of three 

determinations. Levofloxacin was used as a 

standard drug [9].  

Anti fungal activity 

The newly prepared compounds were screened 

for their antifungal activity against C. albicans and 

A. niger in DMSO by agar diffusion method. In all 

the determinations tests were performed in 

triplicate and the results were taken as a mean of 

three determinations. Amphotericin B was used as a 

standard drug. 

Anti-tubercular activity 

The antitubercular screening was carried out by 

Middle brook 7H9 agar medium against H37Rv. 

Strain. Middle brook 7H9 agar medium containing 

different derivatives, standard drug as well as 

control, Middle brook 7H9 agar medium was 

inoculated with Mycobacterium tuberculosis of 

H37Rv Strain. The inoculated bottles were 

incubated for 37C for 4 weeks. At the end of 4 

weeks they were checked for growth. [10]  

Anti-inflammatory activity 

Carrageenan Induced hind Paw Edema: Anti-

inflammatory activity was determined by 

Carrageenan Induced Rat hind Paw method of 

winter et al. wistar rats (120-150 g) was used for 

the experiment. The conventional laboratory diet 

was fed with adequate supply of drinking water. 

The animals were randomly selected, marked to 

permit individual identification and kept in 

polypropylene cages for one week prior to dosing 

to allow acclimatization of them to laboratory 

conditions. The drugs were prepared as a 

suspension by triturating with water and 0.5% 

sodium CMC. The standard group received 

50mg/kg body weight of Ibuprofen, test group 

received 200mg/kg body weight of synthesized 

compounds and the control group received 1% w/v 

of CMC. [11] 

Synthesis of [3-benzoyl-5-(4-substituted)-2, 3-

dihydro-1, 3, 4-oxadiazol-2-yl] (A1-A9) 

To a mixture of 0.01 mole of I1 and 0.01 mole of 

benzoic acid was added 10 mole of Phosphorus 

oxychloride at temp. of -50c. The reaction mixture 

refluxed at 100 0 C for 2 hrs. The reaction mixture 

was cooled to room temperature, the excess of 

POCl3 was concentrated through high vacuum, the 

residue was quenched with ice and the solid 

separated was filtered and dried through pump to 

afford corresponding aryl Oxadiazole (A1). 

Similarly 1b-3c was prepared using 2 and 3 along 

with Para Amino Benzoic acid and Para amino 

Salicylic acid respectively [12].  
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Synthesis of [5-(4-substituted)-4H-1, 2, 4-triazol-3-

yl] (B1-B9)
 

Mixture of 0.01 mole of I1, FeCl3.6H2O (0.02 

mole)&0.01 mole of INH /Pyrazinamide/ 

Benzamide was ground by pestle & mortar at room 

temp. After complete conversion as indicated by 

TLC. The reaction mixture was digested with 

water. The resultant solid was filtered, washed with 

water. The crude material is purified by 

recrystallization from methanol to afford 

corresponding triazoles (B1-B3). Similarly B4-B9 

was prepared using I2 and I3 respectively [13]. 

Spectral data 

A1: IR (KBr) cm-1: 3310.43 (-CH=CH str.), 

3213.45 (-NH str.), 3010.23 (Ar-CH str.), 1682.11 

(-C=O str.), 1525.32 (-C=N str), 1245.36 (-C-N 

str).  1H NMR: 7.6-7.8 (4H pyridine), 6.8-7.0 (2H –

CH=CH), 6.8-7.2 (10H phenyl), 4.0 (1H –NH),  

m/e(100%): 367.14 

A2: IR (KBr) cm-1:  3310.43 (-CH=CH str.), 

3010.23 (Ar-CH str.), 1682.11 (-C=O str.), 1525.32 

(-C=N str), 1245.36 (-C-N str).  1H NMR: 8.1-8.6 

(3H pyrazine), 6.8-7.0 (2H –CH=CH), 6.8-7.2 (10H 

phenyl),  m/e(100%): 353.13 

A3: IR (KBr) cm-1: 3310.43 (-CH=CH str.), 

3213.45 (-NH str.), 3010.23 (Ar-CH str.), 1682.11 

(-C=O str.), 1525.32 (-C=N str), 1245.36 (-C-N 

str).  1H NMR: 6.8-7.0 (2H –CH=CH), 6.8-7.2 

(15H phenyl),  m/e(100%): 366.15 

A4: IR (KBr) cm-1:  3213.45 (-NH str.), 3010.23 

(Ar-CH str.), 1682.11 (-C=O str.), 1525.32 (-C=N 

str), 1245.36 (-C-N str).  1H NMR: 7.6-7.8 (4H 

pyridine), 6.8-7.2 (9H phenyl),4.0 (1H NH), 0.8-1.2 

(3H –OCH3),   m/e(100%): 371.14 

A5: IR (KBr) cm-1: 3010.23 (Ar-CH str.), 1682.11 

(-C=O str.), 1525.32 (-C=N str), 1245.36 (-C-N 

str).  1H NMR: 8.1-8.6 (3H pyrazine),  6.8-7.2 (9H 

phenyl), 0.8-1.2 (3H –OCH3),   m/e(100%): 357.12 

A6: IR (KBr) cm-1: 3213.45 (-NH str.), 3010.23 

(Ar-CH str.), 1682.11 (-C=O str), 1525.32 (-C=N 

str), 1245.36 (-C-N str).  1H NMR: 6.8-7.2 (15 H 

phenyl),0.8-1.2 (3H –OCH3), m/e(100%): 355.13 

A7: IR (KBr) cm-1: 3213.45 (-NH str.), 3010.23 

(Ar-CH str.), 1682.11 (-C=O str.), 1525.32 (-C=N 

str), 1245.36 (-C-N str), 1016.11 (-C-O-C str.).  1H 

NMR: 7.6-7.8 (4H pyridine), 6.8-7.2 (5H phenyl), 

5.4-5.8 (3H furyl), 4.0 (1H NH), m/e(100%): 

331.11 

A8: IR (KBr) cm-1: 3010.23 (Ar-CH str.), 1682.11 

(-C=O str.), 1525.32 (-C=N str), 1245.36 (-C-N 

str), 1016.11 (-C-O-C str.).  1H NMR: 8.1-8.6 (3H 

pyrazine), 6.8-7.2 (5H phenyl), 5.4-5.8 (3H furyl), 

m/e(100%): 317.09 

A9: IR (KBr) cm-1: 3213.45 (-NH str.), 3010.23 

(Ar-CH str.), 1682.11 (-C=O str.), 1525.32 (-C=N 

str), 1245.36 (-C-N str), 1016.11 (-C-O-C str.).  1H 

NMR: 6.8-7.2 (10H phenyl), 5.4-5.8 (3H furyl),  

m/e(100%): 315.10 

B1: IR (KBr) cm-1: 3310.23 (-CH=CH str.), 

3010.23 (Ar-CH str.), 1689.78 (-C=O str), 1525.32 

(-C=N str), 1245.36 (-C-N str), 1016.38 cm-1(-C-O-

C str),  1H NMR: 6.8-7.2 (15 H phenyl), 6.0-6.4 

(2H –CH=CH), 5.8 (1H 1,3,4-Oxadiazolyl), 

m/e(100%): 354.14 

 B2: IR (KBr) cm-1: 3310.23 (-CH=CH str.), 

3208.12 (-NH2 str. ), 3010.23 (Ar-CH str.), 

1689.78 (-C=O str), 1525.32 (-C=N str), 1245.36 (-

C-N str), 1016.38 cm-1(-C-O-C str),  1H NMR: 8.2-

8.6 (3H pyrazine), 6.8-7.2 (14H phenyl), 6.0-6.4 

(2H –CH=CH), 5.8 (1H 1,3,4-Oxadiazolyl), 4.8-5.2 

(2H –NH2), m/e(100%): 369.15 

B3: IR (KBr) cm-1: 3310.23 (-CH=CH str.), 

3208.12 (-NH2 str. ), 3210.45 (-OH str.), 3010.23 

(Ar-CH str.), 1689.78 (-C=O str), 1525.32 (-C=N 

str), 1245.36 (-C-N str), 1016.38 cm-1(-C-O-C str),  

1H NMR: 6.8-7.2 (13H phenyl), 6.0-6.4 (2H –

CH=CH), 5.8 (1H 1,3,4-Oxadiazolyl), 5.0 (1H –

OH),4.2 (2H –NH2),  m/e(100%): 385.14 

B4: IR (KBr) cm-1:  3010.23 (Ar-CH str.), 2810.23 

(-CH3 str.), 1689.78 (-C=O str), 1525.32 (-C=N str), 

1245.36 (-C-N str), 1016.38 cm-1(-C-O-C str),  1H 

NMR: 6.8-7.2 (14 H phenyl), 6.0-6.4 (2H –

CH=CH), 5.8 (1H 1,3,4-Oxadiazolyl),0.8-1.2 (3H –

CH3),  m/e(100%): 360.15 

B5: IR (KBr) cm-1:  3210.45 (-NH2 str.), 3010.23 

(Ar-CH str.), 1689.78 (-C=O str), 1525.32 (-C=N 

str), 1245.36 (-C-N str), 1016.38 cm-1(-C-O-C str),  

1H NMR: 6.8-7.2 (13 H phenyl), 5.8 (1H 1,3,4-

Oxadiazolyl), 4.8-5.2  (2H –NH2), 0.8-1.2 (3H –

CH3),   m/e(100%): 375.16 

B6: IR (KBr) cm-1: 3210.45 (-OH str.), 3208.13 (-

NH2 str.), 3010.23 (Ar-CH str.), 1689.78 (-C=O 

str), 1525.32 (-C=N str), 1245.36 (-C-N str), 

1016.38 cm-1(-C-O-C str),  1H NMR: 6.8-7.2 (12 H 

phenyl), 5.8 (1H 1,3,4-Oxadiazolyl), 5.0 (1H –OH), 

4.2 (2H –NH2), 0.8-1.2 (3H –CH3),   m/e(100%): 

391.15 

B7: IR (KBr) cm-1: 3010.23 (Ar-CH str.), 1689.78 

(-C=O str), 1525.32 (-C=N str), 1245.36 (-C-N str), 

1016.38 cm-1(-C-O-C str),  1H NMR: 6.8-7.2 (10 H 

phenyl), 6.2-6.6 ( 3H furyl),  5.8 (1H 1,3,4-

Oxadiazolyl), m/e(100%): 320.12 

B8: IR (KBr) cm-1: 3210.23 (-NH2 str.), 3010.23 

(Ar-CH str.), 1689.78 (-C=O str), 1525.32 (-C=N 

str), 1245.36 (-C-N str), 1016.38 cm-1(-C-O-C str),  

1H NMR: 6.8-7.2 (9H phenyl), 6.2-6.6 ( 3H furyl), 
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5.8 (1H 1,3,4-Oxadiazolyl),408-5.2  (2H –NH2),  

m/e(100%): 335.13 

B9: 3210.45 (-OH str.), 3208.13 (-NH2 str.), 

3010.23 (Ar-CH str.), 1689.78 (-C=O str), 1525.32 

(-C=N str), 1245.36 (-C-N str), 1016.38 cm-1(-C-O-

C str),  1H NMR: 6.8-7.2 (8 H phenyl), 5.8 (1H 

1,3,4-Oxadiazolyl), 5.0 (1H –OH), 4.2 (2H –NH2),   

m/e(100%): 351.12 

Table 1. Analytical & physicochemical data of the synthesized compounds (A1-A9 & B1-B9) 

Comp. Mol. Formula Mol. Wt. 
M.P. 

° C 

Yield 

% 

Elemental analyses 

Calcd. (found) 

C H N 

A1 C22H17N5O 367.40 196-198 75.64 71.92 4.66 19.06 

A2 C21H15N5O 353.38 240-242 74.67 71.38 4.28 19.82 

A3 C23H18N4O 366.42 231-233 68.24 75.39 4.95 15.29 

A4 C21H17N5O2 371.39 225-257 77.06 67.91 4.61 18.86 

A5 C20H15N5O2 357.37 250-252 66.95 6.22 4.23 19.60 

A6 C22H17N3O2 355.39 272-275 72.23 74.35 4.82 11.82 

A7 C18H13N5O2 331.33 188-190 64.99 65.25  3.95 21.14 

A8 C17H11N5O2 37.30 210-212 68.82 64.35 3.49 22.07 

A9 C19H13N3O2 315.33 228-230 75.68 72.37 4.16 13.33 

B1 C23H18N2O2 354.40 250-253 79.85 77.95 5.12 7.90 

B2 C23H19N3O2 369.42 230-233 80.12 74.78 5.18 11.37 

B3 C23H19N3O3 385.42 210-212 72.15 71.67 4.97 10.90 

B4 C22H120N2O3 360.41 184-186 67.94 73.32 5.59 7.77 

B5 C22H21N3O3 375.42 230-232 64.72 70.38 4.64 11.19 

B6 C22H21N3O4 391.42 263-265 71.67 67.51 5.41 10.17 

B7 C19H16N2O3 320.34 210-212 70.96 71.24 5.03 8.74 

B8 C19H17N3O3 335.36 233-235 71.67 68.05  5.11 12.53 

B9 C19H17N3O4 351.36 273-275 71.72 64.95 4.88 11.96 

Table 2. Antibacterial and antifungal activity of synthesized compounds (A1-A9 & B1-B9) 

 Compd. 
Zone of inhibition at 200µcg/mL (in mm.) 

E. coli B. subtilis S. aureus A. niger C. albicans 

A1 24 25 26 15 22 

A2 20 23 25 16 21 

A3 20 24 25 19 22 

A4 25 26 23 20 21 

A5 24 23 26 21 22 

A6 20 22 24 18 23 

A7 21 23 22 20 21 

A8 22 24 25 20 22 

A9 23 22 20 18 22 

B1 24 26 23 19 21 

B2 25 23 24 21 23 

B3 26 22 24 20 22 

B4 24 25 26 21 23 

B5 23 25 26 20 22 

B6 26 23 26 20 21 

B7 26 23 25 19 21 

B8 25 24 26 20 21 

B9 25 26 26 21 20 

Levofloxacin 26 25 26 - - 

Amphotericin B - - - 22 23 
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Table 3. Antitubercular activity of the synthesized compounds (A1-A9 & B1-B9). 

Compound 25 µg/mL 50 µg/mL 100 µg/mL 

A1 R S S 

A2 R R S 

A3 R R R 

A4 R S S 

A5 R R S 

A6 R R R 

A7 R S S 

A8 R R S 

A9 R R R 

B1 R S S 

B2 R R S 

B3 R R R 

B4 R S S 

B5 R R S 

B6 R R R 

B7 R S S 

B8 R R S 

B9 R R R 

Streptomycin S S S 

Table 4. Anti-inflammatory activity of synthesized compounds (A1-A9 & B1-B9) 

Treatment 

Mean increase in paw volume (ml)±SEM 

Time in minute 

0 
% 

inhibition 
30 

% 
inhibition 

60 
% 

inhibition 
90 

% 
inhibition 

120 
% 

inhibition 

Carrageenen 

(Control) 
0.24±0.01  0.48±0.03  0.78±0.09  0.85±0.12  0.89±0.14  

Ibuprofen 0.24±0.03 0 0.31±0.07 35.41 0.30±0.07 61.53 0.27±0.06 68.23 0.26±0.13 70.78 

A1 0.24±0.01 0 0.34±0.03 29.16 0.35±0.01 55.12 0.33±0.01 61.17 0.30±0.01 66.29 

A2 0.24±0.02 0 0.33±0.03 31.25 0.32±0.01 58.97 0.30±0.01 64.70 0.28±0.02 68.53 

A3 0.23±0.01 4.16 0.34±0.01 29.16 0.38±0.01 51.28 0.38±0.02 55.29 0.32±0.02 64.04 

A4 0.24±0.02 0 0.33±0.01 31.25 0.33±0.02 57.69 0.31±0.02 63.52 0.29±0.01 67.41 

A5 0.23±0.01 4.16 0.32±0.01 33.33 0.34±0.01 56.41 0.32±0.01 62.35 0.30±0.02 66.29 

A6 0.24±0.02 0 0.35±0.01 27.08 0.39±0.02 50 0.38±0.01 55.29 0.32±0.03 64.04 

A7 0.23±0.02 4.16 0.33±0.01 31.25 0.35±0.02 55.12 0.34±0.02 60 0.30±0.01 66.29 

A8 0.24±0.02 0 0.33±0.02 31.25 0.35±0.03 55.12 0.31±0.02 63.52 0.30±0.02 66.29 

A9 0.23±0.03 4.16 0.33±0.02 31.25 0.34±0.01 56.41 0.32±0.02 62.35 0.30±0.02 66.29 

B1 0.24±0.01 0 0.32±0.02 33.33 0.34±0.02 56.41 0.33±0.01 61.17 0.29±0.01 67.41 

B2 0.24±0.02 0 0.34±0.03 29.16 0.34±0.03 56.41 0.35±0.01 58.82 0.31±0.02 65.16 

B3 0.23±0.03 4.16 0.33±0.04 31.25 0.35±0.01 55.12 0.33±0.02 61.17 0.30±0.03 66.29 

B4 0.24±0.01 0 0.36±0.01 25.00 0.35±0.02 55.12 0.35±0.02 58.82 0.33±0.02 62.92 

B5 0.24±0.01 0 0.34±0.01 29.16 0.36±0.01 53.84 0.35±0.02 58.82 0.31±0.01 65.16 

B6 0.24±0.01 0 0.34±0.02 29.16 0.35±0.02 55.12 0.35±0.01 58.82 0.33±0.02 62.92 

B7 0.23±0.01 4.16 0.33±0.02 31.25 0.34±0.02 56.41 0.32±0.02 62.35 0.30±0.01 66.29 

B8 0.24±0.02 0 0.34±0.03 29.16 0.36±0.03 53.84 0.36±0.03 57.64 0.32±0.03 64.04 

B9 0.24±0.02 0 0.34±0.02 29.16 0.37±0.02 52.56 0.36±0.03 57.64 0.33±0.02 62.92 
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Table 5. Structures and Log (% Inh) of A1-A9 and B1-B9. 

Sr. 

No. 

Comp. 

Name 
Structure % Inh Log (% Inh) 

1. A1 
N

NN

NH

C
H

C
H

O

N

 

66.29 1.821448 

2 A2 
N

NN

C
H

C
H

O N

N

 

68.53 1.835881 

3. A3 
N

NN

C
H

C
H

O  

64.04 1.806451 

4. A4 

N

NN

OMe

NH

O

N

 

67.41 1.828724 

5. A5 
N

NN

O N

N

OMe

 

66.29 1.821448 

6. A6 
N

NN

O

OMe

 

64.04 1.806451 

7. A7 

N

NN

NH

O

N

O

 

66.29 1.821448 

8. A8 

N

NN

O

O N

N

 

66.29 1.821448 

9. A9 

N

NN

O

O  

66.29 1.821448 

10. B1 
O

NN

C
H

C
H

O

 

67.41 1.828724 
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11. B2 O

NN

C
H

C
H

O

NH
2  

65.16 1.813981 

12 B3 O

NN

C
H

C
H

O

NH
2

OH
 

66.29 1.821448 

13 B4 
O

NN

O

OMe

 

62.92 1.798789 

14 B5 O

NN

O

NH
2

OMe

 

65.16 1.813981 

15 B6 O

NN

O

NH
2

OH

OMe

 

62.92 1.798789 

16 B7 
O

NN

O

O

 

66.29 1.821448 

17 B8 
O

NN

O

O

NH
2  

64.04 1.806451 

18 B9 
O

NN

O

O

NH
2 OH  

62.92 1.798789 

Table 6. Equations generated between log (% Inh) and descriptors. 

Sr. No. Equation N S R r2 r2
cv F 

Series 

(A1-A9 

and B1-

B9) 

Y = -0.199 *X3 - 0.229 * X1 - 

1.553 * X2 - 12.575 
18 0.361 0.838 0.702 0.538 14.17 

 

Where 

Y = Log (% Inh)     

X1: ClogP - 

X2 = VAMP HOMO (Whole Molecule) 

X3 = Dipole Moment Z Component (Whole 

Molecule) 

X4 = Inertia Moment 2 Length (Whole Molecule) 

 

Significance of the terms: 

N= No. of Molecules 

s = standard error --- less is better 

r = correlation coefficient – higher is better > 0.7,  

r2cv = cross validated r2 - higher is better > 0.5,  

F Value = higher is better 

Observed and predicted data and graphs are 

presented in Table 6 and Fig 1.  
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Fig 1. (a) Correlation graph; (b) Histogram of observed and predicted log (% Inh) data for 18 compounds 

Table 7. Observed and predicted log (% Inh) value data for 18 compounds 

Comp. No. 
Observed 

Value 
Predicted Value Residual Value 

Residual 

Variance 

A1 1.821448 1.820758 0.00069 0.0043 

A2 1.835881 1.843681 -0.0078 0.0027 

A3 1.806451 1.805551 0.0009 0.0090 

A4 1.828724 1.818924 0.0098 0.0009 

A5 1.821448 1.814184 0.007264 0.0049 

A6 1.806451 1.810851 -0.0044 0.0070 

A7 1.821448 1.819752 0.001696 0.0044 

A8 1.821448 1.812048 0.0094 0.0060 

A9 1.821448 1.830548 -0.0091 0.0313 

B1 1.828724 1.836242 -0.00752 0.0019 

B2 1.813981 1.813581 0.0004 0.0035 

B3 1.821448 1.813648 0.0078 0.0006 

B4 1.798789 1.802989 -0.0042 0.0403 

B5 1.813981 1.823181 -0.0092 0.0122 

B6 1.798789 1.7921 0.006689 0.0273 

B7 1.821448 1.825678 -0.00423 0.0135 

B8 1.806451 1.813899 -0.00745 0.0049 

B9 1.798789 1.79345 0.005339 0.0324 

DISCUSSION 

Statistical evaluation of the equations is in 

accepted range. The correlation coefficient is high 

with less standard error. The residual value and 

residual variance for each series also is less 

indicating good predictive power of models. From 

equation  it is observed that two electronic 

parameters Dipole Moment Z Component (Whole 

Molecule) and VAMP HOMO (Whole Molecule) 

as well as one steric parameter Inertia Moment 2 

Length (Whole Molecule) contribute (-0.227, – 

1.469 and – 0.414 respectively) negatively for the 

activity so electron withdrawing and less bulky 

groups may enhance the activity (%1 Inh). 

The synthesized derivatives were screened for 

anti-bacterial activity using DMF as a solvent 

against the organisms S. aureus, B. subtilis and E. 

coli., and antifungal activity using C. albicans and 

A. niger by disc diffusion method on nutrient agar 

media. The standard drug used was Levofloxacin 

and Amphotericin B for antibacterial and antifungal 

activity respectively. 

Antibacterial activity 

The compounds A1, A2, A3, A5, A8, B4, B5 ,B6, 

B7, B8, B9 has  excellent Antibacterial activity 

against S. aureus, the compounds A1, B4, B5 have 

shown Antibacterial activity against B. subtilis, 

while A4, B2, B3, B6, B7, B8, B9 shows Antibacterial 

activity against E. coli, when compared with 

standard Levofloxacin. 

Antifungal activity 

The compounds A5, B2, B4, B9 has  excellent 

antifungal activity against Aspergillus niger (NCIM  
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Fig. 2. Anti-bacterial activity of synthesized compounds 

 
Fig. 3. Antifungal activity of synthesized compounds. 

596), while the compounds A1, A3, A5, A6, A8, A9, 

B2, B3, B4, have shown Antifungal activity against 

Candida albicans (NCIM 3102) when compared 

with standard Amphotericin B. 

Antitubercular activity 

All the compounds were screened for 

antitubercular activity by Middle brook 7H9 agar 

medium as described by Elmer WK et al. against 

H37Rv strain. Compounds A1, A4, A7, B2, B4, and 

B7 has shown promising antitubercular activity. 

 Anti-Inflammatory activity 

All the compounds were evaluated for Anti-

inflammatory activity by Carrageenan Induced Rat 

hind Paw method. The synthesized compounds 

A2,A4,A5,A6,A8, B1,B3,B7,and B8 showed better 

anti-inflammatory activity found comparable with 

standard drug Ibuprofen (70.78% inhibition)  at the 

same dose (100 µg/kg).  
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ДИЗАЙН, СИНТЕЗА И ФАРМАКОЛОГИЧЕН СКРИЙНИНГ НА НЯКОИ [3-БЕНЗОИЛ-5-(4-

ЗАМЕСТЕНИ)-2, 3-ДИХИДРО-1,3,4-ОКСАДИАЗОЛ-2-ИЛ] И [5-(4-ЗАМЕСТЕНИ)-4H-1, 2, 

4-ТРИАЗОЛ-3-ИЛ] ПРОИЗВОДНИ 

Н.С. Дигхе*1, Р.Б. Саудагар2, Д.А. Джейн 3 

1Департамент по фармацевтична химия, Селскостопански колеж по фармация Правара,Лони, Индия. 
2Департамент по фармацевтична химия, Колеж по фармация Р.Г. Сапкал,Нашик, Индия 

3департамент по фармацевтични науки и изследвания, Университет Бхагвант, Аджмер,Раджастан,Индия 

Постъпила на 28 септември, 2012 г.; коригирана на 15 април, 2013 г. 

(Резюме) 

Синтезирана е нова серия от някои заместени [3-бензоил-5-(4-заместени)-2, 3-дихидро-1,3,4-оксадиазол-2-

ил] и [5-(4-заместени)-4H-1, 2, 4-триазол-3-ил] производни.  Целта е постигането на по-добра антибактериална, 

противо-гъбична, противотуберкулозна и противо-възпалителна активност. Химичната структура на 

синтезираните съединения е потвърдена от IR, 1H NMR и мас-спектроскопия. Съединенията са оценени за 

антибактериална, противо-гъбична, противотуберкулозна и противо-възпалителна активност. Получении са 

задоволителни резултати за сравнението по метода QSAR с използването на софтуер TSAR 3.3. Някои от 

съединенията проявяват всички изброени активности. 
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Some new mercury complexes of a bidentate Schiff base ligand with two nitrogen atoms as donor sites have been 

prepared and characterized by spectroscopic and analytical studies such as IR, UV-Vis, 1H NMR and 13C NMR, 

elemental analysis and molar conductivity. The IR spectrum of ligand showed the characteristic asymmetric and 

symmetric vibrations of iminic groups at 1624 and 1620 cm-1 respectively that were unified and shifted by 6-8 cm-1 to 

lower energies. The iminic proton signals of ligand were appeared as two doublets at 7.87 and 7.77 ppm that were 

downfielded to 7.92-8.91 ppm after coordination to mercury ion in the complexes. The analytical data confirmed 1:1 

ratio for ligand to metal salt in all complexes. The structural optimization of ligand and complexes was performed at the 

UB3LYP/LANL2MB⁄ level of theory and then some important structural (Bond length(Å), Bond angle(°) and Torsion 

angle(°)) and theoretical energetic(HF-Energy, ZPE, ΔE, ΔG, ΔEelectronic and ΔH) data were derived. The bond 

lengths(Å) of Hg-N(1) and Hg-N(2) were decreased from from mercury chloride to mercury thiocyante complex and 

then decreased in mercury azide complex. The bond angle (°) of N(1)-Hg-N(2) in the complexes was smoothly 

increased from mercury chloride to mercury thiocyante complex and then decreased in mercury azide complex. The 

opposite of this trend was evaluated for X(1)-Hg-X(2). Accordingly pseudo-tetrahedral geometry was suggested for all 

complexes. Therefore the general formula for Hg(II) complexes is MLX2 that in which X= Cl-, Br-, I-, SCN- and N3
-. 

Key-words: Schiff base; Theoretical; Optimization; Spectroscopic; Mercury. 

  

INTRODUCTION 

Schiff bases as an important class of chelating 

ligands have played an important role in the 

development of coordination chemistry because of 

formation of various stable complexes with the 

most transition metal ions [1–7]. Synthesis of new 

Schiff bases and their metal complexes are still the 

aim of many recent investigations due to the wide 

applications of Schiff bases ligands and their 

complexes in the biological and chemical fields [6-

10]. DNA cleavage activity [11], biomimetic 

enzyme models [12-14], tumor growth inhibitors, 

as antivirus, antifungal and antibacterial agents in 

biological fields [15-18] and ability to reversibly 

binding oxygen [19], their usage as catalysis [20-

23], liquid crystal [24, 25], pigments and dyes and 

polymer stabilizers [26] in chemical fields are the 

most important applications of Schiff bases. Also, 

Schiff-bases with donors (N, O, S and etc.) have 

structural similarities with neutral biological 

systems and due to the presence of imine groups are 

utilized in explanation of the mechanism of 

transformation and racemization reaction in 

biological system [27-29]. 

In the course of our studies on transition metal 

Schiff base complexes [30-35], we report synthesis 

and characterization a series of HgLX2 in which X= 

Cl-, Br-, I-, SCN- and N3
- with N, N′-bis((E)3-

phenylallylidene)-4-methyl-1,2-phenylendiamine 

(L) as a new bidentate ligand. The structural 

features of the Schiff base and their metal 

complexes have been studied by various spectral 

and analytical. Furthermore, the structural 

optimization of ligand and complexes was 

performed at the UB3LYP/LANL2MB⁄ level of 

theory and then some important structural and 

theoretical energetic data were derived. 

EXPERIMENTAL 

Materials and methods 

Cinnamaldehyde, 4-methyl-1,2-phenylen-

diamine, mercury(II) halides and other chemicals 

were purchased from either Aldrich, Merck or BDH 

Chemicals. All of the chemicals used were 

analytical grade. Solvents such as methanol and 

dichloromethane were purified and dried before the 
© 2014 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria 
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use according to the standard methods. FT-IR 

spectra as KBr pellets were recorded on a JASCO 

FT/IR-680 spectrometer in the 4000–400 cm-1 

range. Electronic spectra were recorded in DMSO 

and chloroform solutions on a JASCO-V570 model 

spectrometer with quartz cells of 0.5cm path length. 
1H and 13C NMR spectra were obtained using a 

Brucker DPX FT-NMR spectrometer at 500MHz 

with the samples dissolved in DMSO-d6 mixture 

using TMS as internal standard. Carbon, hydrogen 

and nitrogen of dried samples were performed 

using elemental analyzer. The melting points (°C) 

of the complexes were recorded on BI Barnstead 

melting point instrument. Conductivity 

measurements of the ligand and their complexes 

were made on freshly prepared 10-3 M solutions in 

DMSO and/or chloroform at room temperature with 

a Metrohm 712 conductometer with a dip-type 

conductivity cell made of platinum black. 

Theoretical optimization of the Schiff-base ligand 

and its complexes were carried out at the 

UB3LYP/LANL2MB⁄ level of theory. 

Preparation of N, N′-bis((E)3-phenylallylidene)-4-

methyl-1,2-phenylendiamin (L) 

N, N′-bis((E)3-phenylallylidene)-4-methyl-1,2-

phenylendiamin (L) as a bidentate Schiff base was 

synthesized by condensation reaction between 4-

methyl-1,2-phenylendiamine (5 mmol, 0.611 g) and 

trans-cinnamaldehyde (10 mmol, 1.321 g) in 40 mL 

diethyl ether as solvent under ice bath with rigorous 

stirring for 5-6 h. After completion of the reaction, 

the solvent was reduced under vacuum to give the 

Schiff base as very viscous oil. For more 

purification, the oil was washed twice with n-

hexane and dried under vacuum. 

IR(KBr,cm-1): 3376(m), 3051(w), 3024(w), 

2916(w), 2848(w), 1624(s), 1600(s), 1582(s), 

1507(s), 1448(s), 1382(w), 1302(m), 1150(w), 

998(m), 848(w), 802(m), 751(s), 690(s). UV-Vis 

[(CHCl3), λ(nm) (ε,M-1cm-1)]: 296(37173) and 

376(13002). 1H-NMR spectra (in DMSO-d6)(ppm): 

7.87(d, 1H, J= 7.15 Hz), 7.77(d, 1H, J= 6.52 Hz), 

7.66-7.42(m, 6H), 7.24(m, 5H), 7.04(d, 2H, J= 8.30 

Hz), 7.00(bd, 2H, J= 8.20 Hz), 6.91(d, 2H, J= 8.45 

Hz), 2.43(s, 3H). 

Preparation of mercury complexes 

A solution of ligand (1 mmol, 0.350 g) in 10 mL 

methanol was added drop wise to a methanolic 

solution (20 mL) of HgX2 salts, in which X= 

chloride, bromide, iodide, thiocyanate and azide 

(mercury thiocyanate and azide were prepared 

similar to previous report[31]), under severe stirring 

under room temperature conditions. The complexes 

were obtained after 2-3 h as colored precipitates 

that were filtered and washed with ethanol for more 

purification. Then complexes were dried at 80-100 

ºC under vacuum and were kept in a desiccator over 

silica-gel. 

HgLCl2: 

IR(KBr), cm-1: 3434(m), 3055(w), 3026(w), 

2919(w), 2854(w), 1618(vs), 1575(vs), 1564(vs), 

1492(m), 1448(m), 1368(m), 1168(s), 992(m), 

857(w), 807(m), 748(s), 686(s), 458(w). UV-

Vis[(CHCl3), λ(nm) (ε,M-1cm-1)]: 326(44496) and 

376(33708). 1H-NMR spectra (in DMSO-d6)(ppm): 

8.77(bs, 2H), 7.68(bs, 4H), 7.58(bs, 3H), 7.42(bs, 

6H), 7.24(m, 4H), 2.35(s, 3H). 13C-NMR spectra (in 

DMSO-d6)(ppm): 164.30, 163.56, 148.52, 148.12, 

140.98, 138.75, 138.52, 134.88, 134.82, 130.68, 

130.63, 129.20, 129.08, 129.00, 128.04, 127.99, 

126.70, 119.72, 119.08, 20.73. 

HgLBr2: 

IR(KBr), cm-1: 3445(m), 3054(w), 3026(w), 

2919(w), 2852(w), 1618(vs), 1575(vs), 1562(vs), 

1492(m), 1348(m), 1366(w), 1167(s), 990(m), 

856(w), 748(s), 686(s), 458(w). UV-Vis[(CHCl3), 

λ(nm) (ε,M-1cm-1)]: 327(39674) and 377(29963). 
1H-NMR spectra (in DMSO-d6)(ppm): 8.85(s, 1H), 

8.84(s, 1H), 7.67(d, 4H), 7.62(m, 4H), 7.43(m, 6H), 

7.34(d, 1H, J= 7.90 Hz), 7.14(d, 2H, J= 14.10 Hz), 

2.36(s, 3H). 13C-NMR spectra (in DMSO-d6)(ppm): 

164.46, 163.68, 149.02, 148.60, 140.84, 138.80, 

138.62, 134.77, 134.72, 130.83, 130.77, 129.45, 

129.14, 128.99, 128.91, 128.64, 126.36, 119.74, 

119.12, 20.76. 

HgLI2: 

IR(KBr), cm-1: 3466(m), 3053(w), 3024(w), 

2920(w), 2856(w), 1616(vs), 1575(vs), 1561(vs), 

1491(m), 1448(m), 1364(w), 1168(s), 985(s), 

861(w), 806(m), 748(vs), 686(s), 458(w). UV-

Vis[(CHCl3), λ(nm) (ε,M-1cm-1)]: 326(32623) and 

376(23042). 1H-NMR spectra (in DMSO-d6)(ppm): 

7.92(d, 1H, J= 16.50 Hz), 7.89(d, 1H, J= 19.60 Hz), 

7.73(bs, 6H), 7.51(m, 4H), 7.29(m, 5H), 7.27(d, 

2H, J= 16.05 Hz), 3.17(s, 3H). 

HgL(SCN)2: 

IR(KBr), cm-1: 3481(m), 3056(w), 3025(w), 

2922(w), 2853(w), 2118(vs), 1617(vs), 1575(vs), 

1562(vs), 1493(m), 1448(m), 1368(m), 1169(s), 

993(m), 853(w), 750(s), 685(m), 462(w). UV-

Vis[(DMSO), λ(nm) (ε,M-1cm-1)]: 333(41070) and 

379(32160). 1H-NMR spectra (in DMSO-d6)(ppm): 

8.91(bs, 2H), 7.63(m, 6H), 7.44(m, 5H), 7.19(m, 

4H), 6.75(m, 1H), 6.53(m, 1H), 2.37(s, 3H). 13C-

NMR spectra (in DMSO-d6)(ppm): 164.72, 163.96, 

149.30, 148.91, 141.00, 138.80, 138.71, 134.77, 
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134.72, 130.76, 130.70, 129.38, 129.02, 128.24, 

128.20, 127.86, 127.44, 126.39, 119.86, 119.24, 

20.68. 

HgL(N3)2: 

IR(KBr), cm-1: 3453(m), 3055(w), 2926(w), 

2853(w), 2035(vs), 1616(m), 1575(m), 1490(w), 

1448(m), 1367(w), 1166(m), 995(m), 858(w), 

752(m), 685(m), 458(w). UV-Vis[(CHCl3), λ(nm) 

(ε,M-1cm-1)]: 323(33768) and 377(24461). 1H-NMR 

spectra (in DMSO-d6)(ppm): 8.55(bs, 2H), 7.78(m, 

2H), 7.66(m, 4H), 7.41(m, 8H), 7.20(m, 2H), 

6.99(s, 1H), 2.33(s, 3H).  

RESULTS AND DISCUSSION 

Physical data 

The Schiff base ligand, N, N′-bis((E)3-

phenylallylidene)-4-methyl-1,2-phenylendiamin (L) 

was prepared by condensation of trans-

cinnamaldehyde and 4-methyl-1,2-phenylen-

diamine in a 2:1 molar ratio. Some Schiff base 

complexes of mercury(II) were synthesized 

successfully with this ligand and the structure of 

ligand and its complexes was confirmed by the data 

obtained from elemental analysis, IR, UV-Vis and 
1H and 13C NMR spectra. Elemental analyses and 

other physical properties of the ligand and its 

complexes are summarized in table 1. The results of 

the elemental analyses are in a good agreement 

with the proposed formula. The molar conductivity 

of ligand and all mercury complexes have been 

recorded in the solutions of chloroform (10-3 M) 

except for HgL(N3)2 that measured in DMSO at 

room temperature. The range of molar conductivity 

(0.44-15.840 cm2 Ω-1M-1) exhibit all complexes are 

naturally non-electrolytes [36]. 

IR spectra 

The most important infra-red frequencies of the 

Schiff base ligand (L) and its complexes are listed 

in table 2. In the spectrum of ligand, appearance of 

the strong bands at 1624 and 1620 cm-1 that are 

assigned to the asymmetric and symmetric 

stretching modes of the azomethine groups, 

ν(C=N), indicating that the condensation has been 

occurred successfully. In the spectra of all 

complexes this peak shifted about 6-8 cm-1 to the 

lower energies [37, 38]. The lowering in frequency 

of vibration of the azomethine (C=N) bond in the 

complexes spectra is an evidence that the Schiff 

base has been bonded to the mercury ion. In the 

spectrum of ligand, the absorption bands assigned 

to aromatic, aliphatic and iminic CH were appeared 

at 3051 and 3024, 2916 and 2848 cm-1, 

respectively. For all complexes, these bands have 

smoothly shifted to the higher frequencies. The 

stretching frequency in the spectrum of ligand at 

1582 cm-1 is assigned to the olefinic moieties [39], 

ν(C=C), that shifted to the lower frequency after 

coordination of ligand to the metal ion. The most 

important absorption bands in the spectra of 

complexes that are observed as week peaks at the 

region 446-474 cm-1 maybe assigned to stretching 

frequency of M-N [40]. In the IR spectrum of 

HgL(SCN)2, the strong absorption peak at 2118 cm-

1 is assigned to coordination of –SCN(S-

coordinated) to the mercury ion while the peal at 

2035 cm-1 in the spectrum of HgL(N3)2 is attributed 

to coordination of the N3
- to metal ion [41, 42].  

Electronic Spectra 

The spectral data including the λmax are shown in 

table 2. Electronic spectra of the ligand and its 

complexes were measured in CHCl3 except for 

HgL(N3)2 that was recorded in DMSO at room 

temperature. In the spectrum of ligand two 

absorption bands are appeared. One of them is due 

to π- π* electron transfer of aromatic rings that is 

appeared at 296 nm and the other one at 376 nm is 

attributed to π- π* transition of the azomethine 

group which is mainly localized within the imine 

chromophore. In the electronic spectra of the 

complexes, the absorption band of aromatic rings 

shifted to the higher wavelengths. Observation of 

electronic spectra of complexes exhibited that the 

iminic band for entries 3, 5 and 6 shifted a few 

nanometers to higher wavelengths and for entries 2 

and 4, this band had not shift. Each two transition 

bands are found to have more intensity after 

coordination of ligand to metal ion. For the 

complexes of IIB transition metals, the d-d 

transition bands are not expected due to d10 electron 

configuration. In these types of complexes, the 

most important bands are charge transfer (L-M) 

transition. In the electronic spectra of titled 

complexes, the bands of charge transfer (L-M) 

transition were not observed that may be because of 

overlapping of it with π-π* transition of the ligand 

[43]. According to our previous report on this type 

of ligands, the suggested structure for the 

complexes is pseudo-tetrahedral [30, 31, 44] as 

drawn in fig. 1. 
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Fig. 1. Suggested structure for the complexes with general formula  

HgLX2 wherein X= Cl-, Br-, I-, SCN-, N3
-.  

 

Table 1. Synthetic, analytical and conductivity data for the ligand and its complexes. 
 

Compound Color M.p.(oC) Yield (%) 

Found (Calcd.) (%) 
ΛM 

(cm2 Ω-1M-1) 
 

C N H 

1 Ligand 
Light 

yellow 

Viscose 

oil  
81 85.38 (85.68) 8.19(7.99) 6.13(6.33) 0.313 

2 HgLCl2 Brown 183(dec.) 71 48.48(48.28) 4.38(4.50) 3.46(3.57) 0.440 

3 HgLBr2 Orange 172(dec.) 70 42.34(42.24) 4.04(4.94) 3.22(3.12) 3.297 

4 HgLI2 Brown 172(dec.) 88 37.52(37.31) 3.39(3.48) 2.86(2.76) 1.399 

5 HgL(SCN)2 Brown 161(dec.) 70 - - - 0.912 

6 HgL(N3)2 Brown 169(dec.) 72 - - - 15.840 

 

Table 2. Infra-red (cm-1) and UV–Vis (nm) spectral data of the Schiff-base ligand and its complexes. 

 Compounds νCHarom. νCHaliph. 
νCHi

min 
νC=N νC=C 

νCH 

arom(oop) 

νC-C 

arom(oop) 
νM–N –SCN/ –N3 λmax 

1 Ligand 3051, 3024 2916 2848 1624 1582 751 690 - - 296, 376 

2 HgLCl2 3055, 3026 2919 2854 1618 1575 748 686 458 - 326, 376 

3 HgLBr2 3054, 3026 2919 2852 1618 1575 748 686 458 - 327, 379 

4 HgLI2 3053, 3024 2920 2856 1616 1575 748 686 458 - 326, 376 

5 HgL(SCN)2 3056, 3025 2922 2853 1617 1575 750 685 462 2118 333, 379 

6 HgL(N3)2 3055 2926 2853 1616 1575 752 685 458 2035 323, 379 

 

1H and 13C NMR spectra 

The 1H and 13C NMR spectra of ligand and its 

complexes were recorded in deuterated 

dimethylsulfoxide (DMSO-d6) at 500 MHz. The 

results obtained from the studies of 1H and 13C 

NMR spectra exhibit that the data are in agreement 

with pseudo-tetrahedral structure that is proposed 

for complexes (fig 1.). According to 1H NMR 

spectrum of ligand, the signal of methylene protons 

(3Hd) appeared at 2.43 ppm as a singlet. This signal 

shifted to up fields after coordination of ligand to 

mercury ion except in entry 4 that shifted to 3.17 

ppm. Because of unsymmetrical structure of ligand, 

the signals of iminic protons have different 

chemical shifts and showed as individual doublet 

signal at 7.87 ppm for 1He and 7.77 ppm for 1He' 

due to coupling with 1Hf and 1Hf' respectively that 

shifted to weaker fields in the 1H NMR spectra of 

all complexes in relative to free ligand. After 

coordination of ligand to metal ion, the shapes of 

the iminic protons peaks have been changed in 

some cases. For example, these signals in the 

entries 2, 5 and 6 overlapped together and were 

shown as broad singlet. The changes in the 

locations and shapes of iminic protons resonance 

signals are other evidences to confirm the synthesis 

of Schiff base complexes. In the spectrum of 

ligand, the signals of 4Hh, h', j and j' and 3H i, i' and c are 

appeared as multiplet signals at 7.42-7.66 and 7.24 

ppm respectively. The resonance of 1Ha and 1Hb 

were observed at 7.04 ppm as a broad doublet 

signals that were shifted to down field after 

complexation in the complexes. In the spectrum of 

ligand, the signal of olefinic protons 1Hf and 1Hf' 

appeared at 7.00 ppm as a broad doublet that had a 

red shift in the spectra of all complexes. 1Hg and 

1Hg' exhibited a doublet signal at 6.91 ppm due to 

coupling with 1Hf and 1Hf' respectively. In the 

spectra of all complexes, this signal shifted to down 
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fields except for complex of entry 5 that shifted to 

up fields as two individual multiplet signals. The 
13C NMR spectra of the complexes showed two 

different signals for iminic carbons that appeared at 

164.30-164.72 ppm for C7' and at 163.56-164.96 

ppm for C7. The signals of carbon atoms adjacent to 

the donor nitrogen atoms, C14 and C8 were appeared 

in weaker fields at the region 148.52-149.30 ppm 

and 148.12-148.91 ppm respectively. Also the 

resonances of methyl carbon atoms (C12) were 

observed at the range of 20.68-20.76 ppm. In the 
13C NMR spectrum of HgL(SCN)2, the resonance at 

129.38 ppm may be assigned to carbons of SCN- 

moiety. The other signals are appeared as it has 

listed in the experimental section. FT-IR, UV-

visible, 1H-NMR and 13C-NMR spectra of HgLCl2 

are depicted in figure 2 as typical spectra. 

Optimization of structures 

The structure of ligand and its mercury 

complexes was optimized theoretically at the level 

of UB3LYP/LANL2MB. The optimized structures 

of ligand, HgLBr2 and HgL(N3)2 are shown in 

Figure 3. The results predict the pseudo-tetrahedral 

geometry for all complexes. Some energetic and 

structural parameters are summarized at table 3and 

4. HF energy, zero point energy, total energy, 

Gibbs free energy, enthalpy, electronic energy and 

corrected ones were evaluated in the ranges of -

1062.10 –(-1428.90), 0423-0.446, -1061.696-(-

1428.461), -1061.739-(-1428.518), -1061.655-(-

1428.410) respectively as seen in table 1. As shown 

in table 4, the imine bonds of free ligand are 

shortened after coordination to mercury ion due to 

probable π-back bonding from mercury ion to π* of 

C=N bond of ligand. M-N(1) and M-N(2) bonds are 

shortened from mercury chloride to mercury 

thiocyanate complex and then lengthened at azide 

complex. The angle of N(2)-Hg-N(1) is increased 

from mercury chloride(72.446°) to mercury 

thiocyanate complex(73.598°) and then decreased 

at azide complex(68.335°). The angle of X(1)-M-

X(2) show a reverse trend with respect to N(2)-Hg-

N(1) so that is decreased from mercury 

chloride(129.603°) to mercury thiocyanate 

complex(125.858°) and then increased at azide 

complex(169.605°). The torsion angles around the  

 
a 

 
b 

 
c 

 
d 

Fig. 2. The FT-IR(a) UV-visible(b), 1H-NMR(c) and 13C-NMR(d) spectra of HgLCl2 
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Ligand 
 

HgLBr2  

 

HgL(N3)2 

Fig. 3. Optimized structure of ligand and two complexes 

Table 3. Some energetic parameters derived for optimized structure of complexes. 

Compound 
HF 

Energy 
ZPE 

corrected 

ZPE 

corrected 

total ΔE 
ΔG 

Corrected 

ΔG 

Total 

ΔEelect. 
ΔH 

corrected 

ΔH 

ligand -1062.10 0.423 0.406 -1061.696 -1061.739 -1061.755 -1061.656 -1061.655 -1061.671 

HgLCl2 -1134.90 0.426 0.409 -1134.490 -1134.545 -1134.561 -1134.443 -1134.442 -1134.458 

HgLBr2 -1131.35 0.426 0.409 -1130.940 -1130.996 -1131.012 -1130.894 -1130.893 -1130.909 

HgLI2 -1127.80 0.425 0.409 -1127.388 -1127.443 -1127.459 -1127.342 -1127.341 -1127.357 

HgL(SCN)2 -1308.40 0.444 0.426 -1307.969 -1308.026 -1308.042 -1307.919 -1307.918 -1307.935 

HgL(N3)2 -1428.90 0.446 0.429 -1428.461 -1428.518 -1428.535 -1428.410 -1428.410 -1428.427 

 

Table 4. Selected bond distances, bond angles and torsion angles of optimized structures. 

HgL(N3)2 

 

HgL(SCN)2 HgLI2 HgLBr2 HgLCl2 L Selected data 

      Bond length(Å) 

2.510 2.355 2.370 2.373 2.377 - Hg-N(1) 

2.504 2.369 2.368 2.373 2.375 - Hg-N(2) 

2.265 2.754 2.985 2.786 2.622 - Hg-X(1) 

2.262 2.759 2.987 2.787 2.620 - Hg- X(2) 

1.336 1.340 1.340 1.339 1.339 1.331 C(7)=N(1) 

1.336 1.342 1.340 1.338 1.338 1.330 C(7′)=N(2) 

      Bond angle(o) 

68.335 73.598 72.989 72.695 72.446 - N(2)-Hg-N(1) 

92.636 111.394 112.05 112.268 106.889 - N(2)-Hg-X 

96.022 112.989 111.63 109.876 105.411 - N(2)-Hg-Y 

92.936 114.820 108.30 106.908 113.928 - N(1)-Hg-X(1) 

95.595 106.242 110.51 112.138 114.292 - N(1)-Hg-X(2) 

169.605 125.858 127.88 128.942 129.603 - X(1)-M-X(2) 

      Torsion angle(o) 

-1.708 -2.079 -0.801 -1.281 -1.700 0.089 N(1)-C(8)-C(14)-N(2) 

25.321 -26.838 -25.775 -26.509 -27.649 -1.015 N(1)-C(7)-C(6)-C(5) 

179.032 177.861 -2.423 -178.869 -179.625 -179.181 N(2)-C(7′)-C(6′)-C(5′) 

177.325 169.894 -179.83 -179.422 -179.812 179.63 C(6)-C(5)-C(4)-C(3) 

-1.431 -5.738 -2.948 -4.114 174.951 -0.429 C(6′)-C(5′)-C(4′)-C(3′) 
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C(8)-C(14), C(7)-C(6), C(7′)-C(6′), C(5)-C(4) and 

C(5′)-C(4′) based on numbering in the figure 1, 

were extracted from optimized structures and 

tabulated in table 4. As seen in table 4, torsional 

angles suggest the non-planer structure of ligand in 

all compounds. Two azomethine nitrogens are not 

in a plane and have an angle in the range of 0.089°-

(-2.079) ° with respect to each other. The imine and 

olefin bonds have torsional angles of -27.649° to -

1.015° and -178.869° to 179.032° in both sides of 

ligand structure of complexes. The left and right 

phenyl rings of aldehyde section of ligand have 

torsional angles of -179.83° to 179.63° and -5.738° 

to 174.951° respectively with respect to the 

conjugated olefin bonds in the ligand and its 

complexes. 

CONCLUSION 

In this work, we reported the synthesis of some 

new mercury complexes of a bidentate Schiff base 

ligand. These compounds were characterized by 

spectroscopic and analytical studies such as IR, 

UV-Vis, 1H NMR and 13C NMR, elemental analysis 

and molar conductivity. The general formula of 

MLX2 was proposed for Hg(II) complexes in which 

X is Cl-, Br-, I-, SCN- and N3
-. Furthermore, the 

structural ligand and complexes were optimized at 

the UB3LYP/LANL2MB⁄ level of theory and then 

some important structural (Bond length(Å), Bond 

angle(°) and Torsion angle(°)) and theoretical 

energetic(HF-Energy, ZPE, ΔE, ΔG, ΔEelectronic and 

ΔH) data were derived. Consequently, the pseudo-

tetrahedral geometry was suggested for all mercury 

complexes.  
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(Резюме) 

Получени са нови комплекси на живака с лиганди от бидентатни Шифови бази с два азотни атома като 

донори охарактеризирани чрез спектроскопични и аналитични методи, като IR, UV-Vis, 1H NMR и 13C NMR, 

елементен анализ и моларна проводимост. IR-спектрите на лигандите показват характеристични на 

асиметрични и симетрични вибрации на имино-групите при съответно 1624 и 1620 cm-1, които се изравняват и 

отместват с 6-8 cm-1 към по-ниски енергии. Иминните протонни сигнали на лигандите се появяват като два 

дублета при 7.87 и 7.77 ppm, които се понижават до 7.92-8.91 ppm след координиране към живачните йони в 

тези комплекси. Данните от анализите, потвърдени при отношение 1:1 за лигандите към металната сол във 

всички комплекси. Структурната оптимизация на лигандите и комплексите е представена при нивото 

UB3LYP/LANL2MB на теорията и са получени някои важни структурни данни (дължина на връзката (Å), ъгъл 

на връзката (°) and ъгъл на усукване (°)) и на енергетични характеристики (HF-енергия, ZPE, ΔE, ΔG, ΔEелектронна 

и ΔH). Дължините на връзката (Å) Hg-N(1) и Hg-N(2) намаляват от комплексите меркури-хлорид към меркури-

тиоцианат и до комплекса меркури-азид. Ъгълът на връзката (°) от N(1)-Hg-N(2) в комплексите плавно 

намалява от комплексите меркури-хлорид към меркури-тиоцианат и до комплекса меркури-азид. Обратната 

тенденция се забелязва за X(1)-Hg-X(2). Псевдо-тетраедрична геометрия се предлага за всички комплекси. 

Обща формула за Hg(II)-комплексите е MLX2 където X= Cl-, Br-, I-, SCN- and N3
-. 
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In this study, two mathematical models based on the Feed-Forward Back Propagation Artificial Neural Network 

(FFBP-ANN) are employed for the prediction of CO2 mole fraction in liquid (x1) and vapor (y1) phases in the Vapor 

Liquid Equilibrium (VLE) for fifty-six CO2-containing binary mixtures. 2104 data sets from the open literature have been 

used to construct the models. Furthermore, some new experimental data (not applied in ANN training) have been used to 

examine the reliability of the model. Predictions using ANN were compared with available literature data and the results 

confirm that there is a reasonable conformity between the predicted values and the experimental data. The average 

absolute deviation percent (AAD (%)) for ANN model I (x1 prediction) and ANN model II (y1 prediction) are 1.572 and 

0.848 respectively. The study shows that the neural network model is a good alternative method for the estimation of 

phase equilibrium properties for this type of mixtures. 

Key words: vapor liquid equilibria; carbon dioxide; modeling; artificial neural network, supercritical fluid extraction, 

refrigerant 

 

INTRODUCTION 

Prediction of vapor liquid equilibrium data is a 

necessary need in chemical engineering processes. 

Carbon dioxide (CO2) is an important component in 

binary mixtures and estimation of VLE data for 

binary mixtures containing CO2 is necessary in 

different processes such as supercritical extraction, 

refrigeration, absorption and more recently, in the 

development of new and improved methods for 

carbon capture and storage [1].  Supercritical fluid 

extraction processes for selectively recovering high 

purity active principles from biological substrates is 

a technology of interest to the food, cosmetics and 

pharmaceutical industries. Extraction using 

supercritical fluids is now being used in the industry 

because it is non-flammable, non-toxic and it is 

available in a highly purified form at low cost and it 

can be employed at near-environmental 

temperatures [2–4]. However, the design of this type 

of processes requires the knowledge of phase 

equilibrium diagrams over a vast range of 

temperatures and pressures [5]. From this point of 

view, knowledge of the phase behavior of systems 

containing carbon dioxide is of growing importance 

due to the increased use of supercritical CO2 as an 

environmentally benign solvent alternative to 

volatile organics in chemical processes [1]. Another 

application of carbon dioxide is recently in binary 

systems that have been utilized for crystallization, 

purification of solids and reaction media. CO2 and 

methanol binary mixture is an example of this type 

of systems [6]. Also binary mixtures containing CO2 

and refrigerant mixtures are recently of great 

importance. For nearly 60 years, chlorofluoro-

carbons (CFCs) have been widely used as solvents, 

foam-blowing agents, aerosols and especially 

refrigerants due to their stability, non-toxicity, non-

flammability, good thermodynamic properties and 

so on. However, they also have a harmful effect on 

the earth’s protective ozone layer. So, they have 

been regulated internationally by Montreal Protocol 

since 1989. Much effort has been made to find the 

suitable replacement for CFCs. Initial CFC 

alternatives included some hydro chlorofluoro-

carbons (HCFCs) but they will be also phased out 

internationally because their ozone depletion 

potentials (ODPs) and global warming potentials 

(GWPs) are significant though less than those of 

CFCs. Hydrofluorocarbons (HFCs) synthetic 

refrigerants which have zero ODPs were proposed as 

promising replacements for CFCs and HCFCs. 

HFC-134a (1,1,1,2-tetrafluoroethane; CF3CH2F) is 

an environmentally acceptable refrigerant, which 

© 2014 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria 
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has replaced the ozone-depleting dichlorodifluoro-

methane (CFC-12) in a wide range of applications 

especially in automotive air-conditioning and 

domestic refrigeration [7]. In order to develop 

refrigeration processes estimation of VLE data for 

binary mixtures containing CO2 and HFCs has a 

great importance. Furthermore for the new total 

flooding clean agents that were being developed to 

replace certain Halon fire extinguishing agents, the 

discharge time required to achieve 95% of the 

minimum design concentration shall not exceed 10 s 

and the expellant gas is needed for their lack of vapor 

pressure. Generally, Nitrogen is used as an expellant 

gas because it does not be liquefied at high pressure, 

but carbon dioxide  has some merits to nitrogen such 

as price, storage area and supplementary 

extinguishing effect for R123 and R124 as fire 

extinguishing  agents [8]. In another 

environmentally view, the emission of carbon 

dioxide has been identified as the main contributor 

to global warming and climate change. The 

challenge for modern industry is to find cost 

effective solutions that will reduce the release of CO2 

into the atmosphere. Reduction of CO2 emissions 

can be achieved by a variety of means. A physical 

absorption process is one of the most important 

possibilities. The advantage of this method is that it 

requires relatively little energy. Diisopropylether, an 

excellent solvent, is expected to absorb CO2 [9].  So 

in this point of view, knowledge of VLE data for 

binary mixtures that has a solvent for absorption of 

CO2 is important. In another application the high-

pressure phase equilibrium information of mixtures 

composed of CO2 and alcohols is of particular 

importance and has been actively studied for various 

utilities. For example, the phase equilibrium 

behaviors of low-molecular weight alcohols such as 

methanol and ethanol in CO2 are essential for the 

effective evaluation of cosolvents to CO2-based 

supercritical solvents. Also the phase equilibrium 

information of high molecular weight alcohols such 

as 2-ethoxyethanol with CO2 is valuably used to 

processes in the food and cosmetic industries [10].  

Information about the phase behavior of fluid 

mixtures can be obtained from direct measurement 

of phase equilibrium data or by the use of equation 

of state based thermodynamic models. Direct 

measurement of precise experimental data is often 

difficult and expensive, while in the second method 

Several conventional thermodynamic models such 

as equations of state (EoS) are used for estimating 

the VLE [11]. A thermodynamic model provides the 

necessary relationships between thermodynamic 

properties and can be used in combination with 

fundamental relations to generate all the properties 

required to perform phase equilibrium calculations. 

The most common thermodynamic models are 

equations of state and among them cubic equations 

of state are the most popular. Although 

thermodynamic models have been derived from 

strong theoretical principles these methods include a 

large number of equation of states and excess Gibbs 

free energy models. that are tedious and involve a 

certain amount of empiricism to determine mixture 

constants, through fitting experimental data and 

using various arbitrary mixing rules, making 

difficult the selection of the appropriate model for a 

particular case [12]. 

On the other hand artificial neural 

networks(ANN), which can be viewed as an 

universal approximation tool with an inherent ability 

to extract from experimental data the highly non-

linear and complex relationships between the 

variables of the problem handled, have gained broad 

attention within process engineering as a robust and 

efficient computational tool [12]. Recently, ANN 

has found extensive application in the field of 

thermodynamics and transport properties such as the 

estimation of VLE, viscosity, density, vapor 

pressure, compressibility factor and thermal 

conductivity and etc [13–18]. 

In this research, two comprehensive models 

based on multi-layer FFBP-ANN were developed to 

estimate VLE data for fifty-six binary mixtures 

containing CO2, the importance of which was 

mentioned above. Model I and model II predict CO2 

mole fractions in the liquid (x1) and vapor (y1) 

phases respectively. The mixtures include 1-butanol, 

1-heptanol , 1-hexanol, 1-octanol, 1-pentanol, 1-

propanol, 2-butanol, 2-ethoxyethanol, 2-

methoxyethanol, 2-methyl-1-propanol, 2-pentanol, 

2-propanol, 3-methyl-1-butanol, 3-methyl-2-butanol 

, 3-pentanol, acetic acid, a-pinene, benzene, 

chloroform, cyclohexanol, cyclohexanone, 

cyclopentanol, decanal, DHAEE, DIPE, ethyl 

butyrate, EPAEE, ethanol, fenchone, H2, limonene, 

methanol, methyl acetate, methyl linoleate, methyl 

oleate, methyl propionate, m-xylene, n-hexane , 

dimethylformamide, n-octacosane, n-octane, o-

xylene, propylene carbonate, perfluorohexane, 

propane, p-xylene, R32, R116, R123, R134a, R152a, 

R610, styrene, tertpentanol, tetrahydrofuran and 

water. The developed models were trained and 

evaluated by using the experimental data for binary 

mixtures reported by [1–3], [5–9], [19–50] and 

properties for  fifty-six pure components reported by 

[19], [20], [51]. The experimental data were divided 

into three groups in the random manner for the 
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development of the ANN models. One part of the 

experimental data (60%) was used to train the 

networks and the rest was used to evaluate the 

performance of the networks for the test (20%) and 

validation (20%) of the model. Finally, for the model 

validation, the prediction of the ANN models was 

compared with the experimental data. 

Applications of ANN for the prediction of VLE 

Applications of ANN for the prediction of VLE 

have been reported in a number of papers. 

Application of ANNs to predict VLE was first 

conducted by Petersen et al. [52]. They have 

developed an ANN with aim of estimating activity 

coefficient based on group contribution methods. 

After that ANN has been used to estimate bubble 

point conditions of the benzene-toluene binary 

mixture by  Guimaraes and McGreavy  [53]. Sharma 

et al. [54] have reported the use of ANN models to 

predict the liquid and vapor phase compositions for 

VLE calculation of methane-ethane and ammonia-

water binary mixtures. Urata et al. [55] have 

developed a new way for prediction of VLE using 

ANN in three steps. In the first step, the sign of 

logarithm of activity coefficient (γ ) is estimated for 

each binary system using ANN. In the second step, 

two sets of relation between liquid mole fraction and 

ln (γ) are constructed. And finally in the third step, 

vapor–liquid composition and equilibrium 

temperature are calculated using the estimated 

activity coefficient. The researches that were 

mentioned above have used multilayer perceptron 

(MLP) network for VLE calculation but Ganguly  

[56] has developed ANN with radial basis function 

(RBF) network to predict VLE of binary and ternary 

systems. Piowtrowski et al. [57] have used a feed 

forward multilayer neural network to simulate 

complex VLE in an industrial process of urea 

synthesis from ammonia and carbon dioxide. Bilgin  

[58] employed a FFBP neural network to estimate 

the isobaric VLE data for the methylcyclohexane-

toluene and isopropanol-methyl isobutyl ketone 

binary mixtures. Mohanty  [59] has used multilayer 

perceptron ANN to predict liquid and vapor phase 

compositions for CO2- ethylcaprate, CO2-

ethylcaproate and CO2- ethylcaprylate binaries. Also 

Mohanty  [60] in another paper has reported the use 

of ANN to estimate the bubble pressure and the 

vapor phase composition of the CO2–

difluoromethane with this aim that difluoromethane 

was an attractive alternative to chlorofluorocarbons 

(CFCs) and hydro chlorofluorocarbons (HCFCs). 

Karimi and Yousefi [11] have developed four ANNs 

for estimating VLE data for four binary refrigerant 

mixtures. Yamamoto and Tochigi [61] have used a 

reconstruction-learning neural network to estimating 

margules parameters and then they used of the 

margules parameters to estimate VLE for binary 

mixtures mentioned in their work. Ghanadzadeh and 

Ahmadifar [62] have used ANN for prediction of 

boiling temperature of two binary alcohol mixtures. 

Si-Mousa et al. [12] have used ANN to correlate 

VLE of CO2- esters mixtures in high pressure 

condition. Faúndez et al. [13] have applied an ANN 

for Phase equilibrium modeling in ethanol- congener 

mixtures in the alcoholic beverage production. Also 

Faúndez et al. [63] have empoloyed ANN to estimate 

water- congener mixtures found in alcoholic 

beverages. Zarenezhad and Aminian [64] have 

developed a feed forward neural network model with 

four hidden layers to predict the vapor-liquid 

equilibrium of seven binary mixtures of CO2- 

alkanols. Abedini et al. [4] have used ANN to 

estimate VLE data of six CO2- alcohol systems 

include CO2- methanol, CO2- ethanol, CO2- 1-

butanol, CO2- 2-butanol, CO2-1-pentanol and CO2- 

2-pentanol.  

As it is mentioned, information about phase 

behavior for binary mixtures containing CO2 has a 

great importance in different processes. The 

previous works do not develop a widespread model, 

as an example, they only develop models containing 

CO2 and alcohols or esters. This type of modeling is 

not a model which corresponds to different binary 

systems and is limited to especially binary mixtures, 

with the same chemical groups. The present work, 

with the aim of developing a comprehensive model, 

corresponds to different binary systems and has not 

been presented in the literature. 

Artificial Neural Network 

Neural networks consist of arrays of simple 

active units linked by weighted connections. ANN 

consists of multiple layers of neurons arranged in 

such a way that each neuron in one layer is connected 

with each neuron in the next layer. The network used 

in this study is a multi-layer feed forward neural 

network with a learning scheme of the Back-

Propagation (BP) of errors and the Levenberg- 

Marquardt algorithm for the adjustment of the 

connecting weights. Neurons are the fundamental 

processing element of an ANN, which are arranged 

in layers that make up the global architecture[11].  

The main advantage of using ANNs to predict the 

VLE data lies in their ability to learn the relationship 

between the complex VLE data for different binary 

mixtures. The ANN input is the first layer in the 

network through which the information is supplied. 

http://en.wikipedia.org/wiki/Multilayer_perceptron
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The number of neurons in the input layer depends on 

the network input parameters. Hidden layers connect 

the input and output layers. Hidden layers enrich the 

network for learning the relation between input and 

output data. In theory, ANN with only one hidden 

layer and enough neurons in the hidden layer, has the 

ability to learn any relation between the input and 

output data. Transfer function is the mathematic 

function that determines the relation between neuron 

output and the network. In other words, transfer 

function indicates the degree of nonlinearity in the 

network. Practically, in the feed forward BP-ANN 

model some limited functions are used as transfer 

functions[65]. Normally, the transfer functions of all 

neurons in the hidden layers are similar. Also, for all 

neurons in the output layer, the same transfer 

function is used. For the prediction of phenomena, 

logistic transfer function is the most conventional 

transfer function that is used in the hidden layers, 

because it is very easy to differentiate the sigmoid 

transfer function for using in the BP algorithm [66–

68]. The sigmoid transfer function is as follows: 

𝑂𝑃𝑗(𝑛𝑒𝑡) =  
1

1+ 𝑒−𝑛𝑒𝑡  (1-a) 

𝑛𝑒𝑡 =  ∑ 𝑤𝑖𝑥𝑖
𝑛−1
𝑖=0   (1-b) 

Which "n" in Eq. (1) is the number of inputs to 

the neuron. "wi" is the weight coefficient 

corresponding to the input "xi" and "Opj" is the output 

corresponding to the "j" neuron. For completion of 

this section, we illustrate the learning BP algorithm.  

ANN Training Algorithm 

The Back-Propagation Algorithm is one of Least 

Mean Square methods, which is normally used in 

engineering. In a multilayer perceptron, each neuron 

of a layer is linked to all neurons of the previous 

layer. Fig. 1 shows a perceptron with a hidden layer. 

Each layer output acts as the input to the next 

neurons. 

 

Fig. 1. Perceptron structure with a hidden layer 

In order to train Multilayer Feed Forward Neural 

Network, Back-Propagation Law is used. In the first 

stage, all weights and biases are selected according 

to small random numbers. In the second stage, input 

vector Xp= x0, x1... xn-1 and the target exit Tp= t0, t1… 

tm-1 are given to the network, where the subscripts n 

and m are the numbers of input and output vector, 

respectively. In the third stage, the following 

quantitative values are calculated and transferred to 

the subsequent layer until it eventually reaches the 

exit layer [69]. 

𝑂𝑃𝑗 =  𝑓[∑ 𝑤𝑖𝑥𝑖
𝑛−1
𝑖=0 ] (2) 

The fourth stage begins from the exit layer, 

during which the weight coefficients are corrected.  

𝑤𝑖𝑗(𝑡 + 1) = 𝑤𝑖𝑗(𝑡) + 𝜂𝛿𝑃𝑗𝑂𝑃𝑗 (3) 

Where "Wij(t)" stands for the weight coefficients 

from node "i" to node "j" in time "t", "


" is the rate 

coefficient, " Pj
" refers to the corresponding error 

of input pattern "P" to the node "j" and " PjO
" is the 

output corresponding to the "j" neuron. " Pj
" Is 

calculated by the following equations for exit layer 

and hidden layer, respectively:  

𝛿𝑃𝑗 = 𝑂𝑃𝑗(1 − 𝑂𝑃𝑗)(𝑡𝑃𝑗 − 𝑂𝑃𝑗) (4)  

𝛿𝑃𝑗 = 𝑂𝑃𝑗(1 − 𝑂𝑃𝑗) ∑ 𝛿𝑃𝑘𝑤𝑗𝑘𝑘   (5)  

Here, the  acts for k nodes on the subsequent 

layer after the node "j" [69]. In the learning process, 

there are several parameters that have influence on 

the ANN training. These parameters are the number 

of iterations, number of hidden layers and the 

number of hidden neurons. To find the best 

architecture of the model, best set of the 

aforementioned parameters based on minimizing the 

network output error should be chosen [70].  

EXPERIMENTAL DATA 

The first step in an ANN modeling is compiling 

the database to train the network and to evaluate 

network ability for generalization. In the present 

study, the experimental VLE data for fifty-six 

mixtures reported by [1–3], [5–9], [19–50] have 

been used for training and validation of  the ANN 

models. The pure component properties (normal 

boiling point (Tb), critical temperature (Tc), critical 

pressure (Pc) and acentric factor ( ) ) of the fifty-

 

  Input Layer 

Hidden Layer 

Output Layer 



S. Atashrouz, H. Mirshekar: Phase equilibrium modeling for binary systems containing CO2 … 

 108 

six Pure component  used in this work were collected 

from different literature [19], [20], [51] and the 

collection was listed in Appendix I. also the range of 

T, P, x1 and y1 is reported in Appendix II. 

Development of the ANN Model 

In estimating VLE by using ANN, most of the 

previous works predict two VLE parameters, and all 

of them use only one ANN model for predicting 

these two VLE parameters. The use of only one 

ANN for the prediction of two VLE parameters leads 

to the complexity of the network and also reduces 

the network accuracy. This is because of the order of 

standard deviation for the output parameters.  

Standard deviation (STD) for a number of data 

sets defines as: 

𝑆𝑇𝐷 =
1

𝑛
∑ (𝑥𝑖 − 𝑛

𝑖=1 �̅�)2 (6) 

Where 

�̅� =
1

𝑛
∑ 𝑥𝑖

𝑛
𝑖=1  (7) 

In Eq. (6) and Eq. (7) "n" is the number of data 

point and "�̅�" is the average of data sets. 

When the order of standard deviation of an output 

parameter is higher than the other, the error of the 

higher standard deviation output, affects the other 

output parameter and this problem reduces accuracy 

of ANN model. 

To investigate this influence, with the aim of 

calculating x1 and y1, three models were considered: 

Model I (x1 prediction), model II (y1 prediction) and 

the model III (x1 and y1 prediction). The inputs of the 

all models are P, T, Tc, Pc,  . The standard 

deviation of y1 and x1 is 0.1794 and 0.2751 

respectively. Model I and model II with 339 and 310 

parameters respectively and model III with different 

structure has been developed and the results were 

shown in Table 1. As shown model I that predicts 

only x1 has more accuracy in comparison with other 

structures of model III. The accuracy of this model 

is better than even the ANN structures with more 

parameters in model III.  Also in regard to model II 

the accuracy of this model is better in predicting of 

y1 than the entire model III structures. So according 

to Table 1 for VLE modeling by ANN for have more 

accuracy we should develop two separate ANN for 

every VLE parameter  

Two ANN models were considered for the 

prediction of CO2 mole fraction in the vapor and 

liquid phases. In order to describe the phase behavior 

of the fifty-six CO2 (1) - component (2) binaries by 

two ANN models, eight variables have been selected 

in this work: four intensive state variables 

(equilibrium temperature, equilibrium pressure and 

equilibrium CO2 mole fractions in the liquid and 

vapor phases) and four pure component properties of 

the components (normal boiling point, critical 

temperature, critical pressure and acentric factor). 

The choice of the input and output variables was 

based on the phase rule. Therefore, the equilibrium 

temperature and pressure, together with the pure 

Table 1. AAD (%) for model I, model II and different structure of model III. 

Number of ANN parameters 

AAD (%) 

x1 

AAD (%) 

y1 

339a 1.572 - 

310b - 0.848 

101 4.781 2.425 

182 3.674 2.283 

275 2.556 1.580 

321 2.405 1.601 

460 2.109 1.373 

671 2.033 1.270 

839 2.069 1.248 

911 1.776 1.319 

959 2.014 1.416 

1103 2.092 1.313 

1962 1.658 1.087 

4438 2.085 1.253 
amodel I: predicting only x1  
bmodel II: predicting only y1 

 

 

 



S. Atashrouz, H. Mirshekar: Phase equilibrium modeling for binary systems containing CO2 … 

 109 

Table 2. Architecture of the optimized ANN models. 

  Hidden layer 1 Hidden layer 2 Output layer 

Network 

Type 

Training 

Algorithm 

No. of 

neurons 

Activation 

function 
No. of neurons 

Activation 

function 

No. of 

neurons 

Activation 

function 

 

FFBP-

ANNa 

 

BRBP using 

Levenberg-

Marquardt 

optimizationb 

Model I: 14 

Model II: 15 

tansig 

MATLAB 

function 

Model I: 

15 

Model II: 

12 

tansig 

MATLAB 

function 

1 

Linear 

(purelin 

MATLAB 

function) 
                           anewff  MATLAB function. 
                           btrainbr MATLAB function. 
component properties have been selected as input 

variables and the CO2 mole fraction in the liquid and 

vapor phases as output variables. A simple scheme 

of inputs and output to the developed ANN models 

was shown in Fig. 2. 

 
Fig. 2. A simple scheme of inputs and output to the 

models, output for the model I and model II are x1 and y1 

respectively 

In the training phase, the number of neurons in 

the hidden layers was important for the network 

optimization. However, decision on the number of 

hidden layers neurons is difficult because it depends 

on the specific problem being solved using ANN. 

With too few neurons, the network may not be 

powerful enough for a given learning task. With a 

large number of neurons, the ANN may memorize 

the input training data very well so that the network 

tends to perform poorly on new test data and is 

called “over-fitting”. To prevent the over-fitting 

issue, we should evaluate average absolute 

deviation percent (AAD (%)) for train set, 

validation set and test set and they must be in the 

same order of magnitude. Average absolute 

deviation percent (AAD (%)) was calculated from 

the following relation: 

AAD (%) = 
100

𝑛
∑ |𝑦𝑖

𝐸𝑥𝑝 − 𝑦𝑖
𝐶𝑎𝑙𝑐|𝑛

𝑖=1  (8) 

Where "n" is the number of data point, "Exp" and 

"Calc" superscripts stand for the experimental and 

calculated CO2 mole fraction respectively. 

ANN modeling for the VLE of fifty-six CO2 (1)-

component (2) binaries was carried out in 

MATLAB ver. 7.9.0 program. Initially, the program 

starts with the default FFBP-ANN type (newff  

MATLAB function), the Levenberg-Marquardt BP 

training algorithm (trainlm MATLAB training 

function) and one hidden layer. Once the topology 

is specified the starting and ending number(s) of 

neurons in the hidden layer(s) have to be specified. 

The number of neurons in hidden layer(s) is then 

modified by adding neurons one at a time. The 

procedure begins with the logarithmic sigmoid 

activation function and then the hyperbolic tangent 

sigmoid activation function for the hidden layers 

and the linear activation function for the output 

layer. The results of different runs of the program 

show that the Bayesian Regularization Back 

Propagation (BRBP), using Levenberg-Marquardt 

optimization models, train more successfully than 

models using attenuated training. Table 2 shows the 

structure of the optimized ANN models.  

RESULTS AND DISCUSSION 

Using the random selection method, 60% of all 

data were assigned to the training set, 20% of all 

data were assigned to the validation set and the rest 

of the data were used as the test set. In the training 

process, different hidden layers and neurons were 

tried and finally the optimized ANN obtained for 

this study were two networks with two hidden layers 

containing 14 neurons in layer 1 and 15 neurons in 

layer 2 for model I and two hidden layers containing 

15 neurons in layer 1 and 12 neurons in layer 2 for 

model II. In an optimized ANN, the AAD (%) for 

the train, validation and test data sets are in the same 

order of magnitude. AAD (%) and also, network 

performance, sum of squares error (SSE) for the 

train, validation and test sets of data were listed in 

Table 3.  

Table 3. SSE and AAD (%) for the models. 

Model SSE 
AAD (%) 

train 

AAD (%) 

test 

AAD (%) 

validation 

I 0.38097 1.603 1.497 1.572 

II 0.26887 0.864 0.751 0.896 

The ability of the models for the prediction of 

CO2 mole fraction in the vapor and liquid phases are 

shown in the Fig. 3 and Fig. 4. Where “R” is 

correlation coefficient and defined by: 

𝑅 = 𝐶𝑜𝑟𝑟𝑒𝑙(𝑥, 𝑦) =  
∑ (𝑥−𝑥 ̅)(𝑦−�̅�)𝑛

𝑖=1

√∑ (𝑥−�̅�)2  ∑ (𝑦−�̅�)2𝑛
𝑖=1

𝑛
𝑖=1

  (9) 
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Where "n" is the number of data point, "x" and 

"y" are target and output parameters respectively 

and "𝑥 ̅" and "�̅�" are the average of the target and 

output. 

 
Fig. 3. Comparison of the experimental and 

modeling results for the mole fraction in liquid phase of 

CO2 in fifty-six binary mixtures by ANN model I. 

 

Fig. 4. Comparison of the experimental and 

modeling results for the mole fraction in vapor phase of 

CO2 in fifty-six binary mixtures by ANN model II. 

As shown, good agreement for the prediction of 

ANN model and the experimental data are observed. 

So the ANN models can be reliably used to estimate 

x1 and y1 for CO2- binary systems within the ranges 

of parameters considered in this work. 

Figs. 5 to 9 show the y1-x1 curves for the five 

CO2-containing binary mixtures including 1-

butanol, propane, R610, perflourohexane and 1-

propanol and also Figs. 10 to 14 show the p-x1y1 

curves for five CO2-containing binary mixtures 

including 2-butanol, 2-methoxyethanol, H2, R123, 

R152a at different temperatures. The lines are the 

results of ANN models.  They include a comparison 

between experimental data and ANN results. As 

shown, the Figures show good agreement between 

experimental data and the prediction of the ANN 

models. By comparing the behavior of Fig. 12 with 

that of other p-x1y1 Figures, it can be seen that  

 
Fig. 5. y1-x1 curve for the CO2 (1) – 1-butanol (2) 

binary mixture at 354 k. 

 
Fig. 6. y1-x1 curve for the CO2 (1)–Propane (2) binary 

mixture at 253 k. 

 
Fig. 7. y1-x1 curve for the CO2 (1) – R610 (2) binary 

mixture at 263 k. 

treatment of H2-CO2 system is completely different 

from others, while the ANN models with a good 

reliability predict this treatment and this shows that 

ANN models are strong models to predict VLE data 

even with completely different treatment. 



S. Atashrouz, H. Mirshekar: Phase equilibrium modeling for binary systems containing CO2 … 

 111 

 
Fig. 8. y1-x1 curve for the CO2 (1) – Perflourohexane 

(2) binary mixture at 303 k.  
Fig. 9. y1-x1 curve for the CO2 (1) – 1-propanol (2) 

binary mixture at 344 k. 

 
Fig. 10. p-x1y1 curve for the CO2 (1) – 2-butanol (2) binary mixture at different temperatures. 

 
Fig. 11. p-x1y1 curve for the CO2 (1) – 2-methoxyethanol (2) binary mixture at different temperatures. 

 
Fig. 12. p-x1y1 curve for the CO2 (1) – H2 (2) binary mixture at 290 k. 
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Fig. 13. p-x1y1 curve for the CO2 (1) – R123 (2) binary mixture at different temperatures. 

 
Fig. 14. p-x1y1 curve for the CO2 (1) – R152a (2) binary mixture at different temperatures. 

CONCLUSIONS 

In this work, two comprehensive FFBP-ANN 

models were developed for the prediction of x1 and 

y1 data for fifty-six CO2-containing binary mixtures 

at different temperature range. It was shown that 

good agreement between the model predictions and 

the experimental data was achieved. 

The study and its results allow us to obtain these 

conclusions: 

1. It was shown that in prediction of two VLE 

parameters by use of ANN for reducing the errors 

and increases the accuracy of ANN, two separate 

ANN for every parameter should be used. 

2. The advantage of the ANN model is its 

applicability for the all fifty-six CO2-containing 

binary mixtures in just two models, while the 

thermodynamic models are used for an especially 

binary mixture.  

3. Use of ANN models for prediction of VLE 

data is less cumbersome way in comparison with 

thermodynamic models, especially in cases with no 

information about appropriate thermodynamic 

model.  

4. The AAD (%) for the model I and model II 

were obtained 1.572 and 0.848 respectively. 

Therefore, the ANN model can be reliably used to 

estimate x1 and y1 for CO2- binary systems within 

the ranges of parameters considered in this work. 
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Appendix I. Physical properties for components used in this work a 

Name Tb(k) Tc(k) Pc(Mpa) Acentricity 

1-Butanol 390.90 563.10 4.42 0.5930 

1-heptanol 449.80 632.00 3.16 0.5600 

1-hexanol 430.20 611.00 3.47 0.5600 

1-octanol 468.30 652.50 2.86 0.5870 

1-pentanol 411.10 588.20 3.91 0.5790 

1-Propanol 370.30 536.80 5.17 0.6230 

2-butanol 372.70 536.10 4.17 0.5770 

2-ethoxyethanol 408.15 567.00 4.23 0.7591 

2-methoxyethanol 397.55 562.00 5.01 0.7311 

2-methyl-1-propanol 381.00 547.80 4.20 0.5920 

2-pentanol 392.15 552.00 3.87 0.6746 

2-propanol 355.40 508.30 4.76 0.6650 

3-methyl-1-butanol 405.20 579.40 3.92 0.5558 

3-methyl-2-butanol 384.65 572.00 3.96 0.3510 

3-pentanol 388.45 547.00 3.87 0.6748 

Acetic acid 391.10 592.70 5.77 0.4470 

a-pinene 429.29 632.00 2.76 0.2862 

Benzene 353.24 562.10 4.92 0.2150 

Chloroform 334.30 536.40 5.37 0.2180 

Cyclohexanol 434.30 625.00 3.75 0.5280 

Cyclohexanone 428.80 627.00 3.90 0.4480 

Cyclopentanol 413.95 577.58 4.39 0.7738 

Decanal 488.15 657.00 2.15 0.6416 

DHAEE b 655.63 803.10 1.14 1.0797 

DIPE 341.70 500.30 2.88 0.3310 

Ethyl Butyrate 394.70 567.00 3.06 0.4610 

EPAEE b 640.81 792.66 1.22 1.0102 

Ethanol 351.40 513.90 6.15 0.6444 

fenchone c 466.00 685.19 2.98 0.3335 

H2 20.55 33.44 1.32 -0.1201 

limonene c 449.00 659.48 2.75 0.3232 

Methanol 337.80 512.60 7.38 0.5570 

methyl acetate 330.40 506.80 4.69 0.3260 

methyl linoleate 551.32 749.58 2.11 0.5699 

methyl oleate 617.00 764.00 1.28 1.0490 

methyl propionate 352.80 530.60 4.00 0.3500 

m-xylene 412.27 617.05 3.54 0.3260 

n-hexane 341.88 507.90 3.03 0.3007 

N,N-dimethylformamide 426.15 647.00 4.42 0.3755 

n-octacosane 704.76 832.00 0.85 1.2375 

n-octane 398.82 568.60 2.50 0.4018 

o-xylene 417.58 630.37 3.73 0.3023 

propylene carbonate 515.05 778.25 5.40 0.6325 

Perfluorohexane 329.80 448.80 1.66 0.5140 

Propane 231.05 369.90 4.26 0.1524 

P-xylene 411.51 616.26 3.51 0.3259 

R32 221.50 351.60 5.82 0.2710 

R-116 194.90 293.00 3.06 0.2451 

R123 300.76 458.15 3.79 0.2931 

R134a 246.93 374.15 4.06 0.3256 

R152a 248.16 387.04 4.44 0.2557 

R610 271.20 386.40 2.32 0.3740 

styrene 418.31 636.00 3.84 0.2971 

tertpentanol 375.50 545.00 3.95 0.4831 

Tetrahydrofuran 337.00 540.10 5.19 0.2169 

water 373.15 647.30 22.12 0.3440 
                                               a Taken from Ref. [51]. b Taken from Ref. [19]. c Taken from Ref. [20]. 
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Appendix II. Range of data used for developing of the ANN models. 
Systems: CO2 (1) + T/K ΔP/Mpa Δx1 Δy1 

1-butanol 354,398,430,324,333,355,392,426,313 2.067-16.939 0.074-0.9031 0.7976-0.9959 

1-heptanol 374,411,431 4.038-21.391 0.2173-0.87 0.8932-0.9978 

1-hexanol 324,353,397,403,431,432 2.268-20.128 0.035-0.9008 0.801-0.9974 

1-octanol 328 4-15 0.2406-0.7772 0.9435-0.9997 

1-pentanol 313,323,333 1.81-11.72 0.091-0.76 0.968-0.998 

1-propanol 344,373,397,426,313,323,333 2.15-15.769 0.095-0.835 0.54-0.993 

2-butanol 335,348,374,402,431,313 4.03-14.536 0.2906-0.8965 0.7082-0.9946 

2-ethoxyethanol 323,330,337,344 1.29-12.37 0.0788-0.969 0.9052-0.9999 

2-methoxyethanol 322,329,336,343 1.19-12.4 0.0576-0.9535 0.9105-0.9999 

2-methyl-1-propanol 313,323,333,313,323,333,343,353 2.11-14.04 0.094-0.9328 0.9294-0.9961 

2-pentanol 313,313,323,333 1-10.587 0.025-0.985 0.9645-0.997 

2-propanol 334,344,353,378,398,413,432,443 2.03-13.788 0.06-0.888 0.443-0.975 

3-methyl-1-butanol 313,323,333 2.08-10.68 0.111-0.895 0.97-0.994 

3-methyl-2-butanol 313,323,333 2.147-10.249 0.105-0.9055 0.9681-0.9956 

3-pentanol 313,323,333 1.942-10.207 0.0957-0.9072 0.9678-0.9942 

acetic acid 313,333,353 1.1-11.1 0.0964-0.7098 0.948-0.9952 

a-pinene 313,323,333 7.15-10.93 0.478-0.908 0.983-0.9983 

benzene 298,313 0.89383-7.7504 0.1063-0.9327 0.9754-0.9959 

Chloform 303,313,323,333 0.032416-9.9689 0-1 0-1 

cyclohexanol 433,473 3.55-21.5 0.089-0.602 0.84-0.947 

Cyclohexanone 433,453 3.03-21.52 0.103-0.736 0.843-0.962 

cyclopentanol 373,403 0.914-11.838 0.0177-0.3942 0.9264-0.9891 

decanal 288,303,313 1.68-8.22 0.28-0.96 0.989-0.998 

DHAEE 313,333 4.24-23.54 0.5325-0.9443 0.9822-0.9999 

diisopropyl ether 265,273,293,313,333 0.547-2.554 0.1127-0.7589 0.9269-0.9998 

EB 313,333,353,373 2-12 0.18-0.9495 0.8153-0.9978 

EPAEE 313,333 2.86-20.79 0.2842-0.9402 0.979-0.9999 

ethanol 313,333,353,313,313,322,333,338,344 0.57-13.9 0.0269-0.9668 0.8068-0.9948 

Fenchone 313,323,333 7.04-11.2 0.606-0.92 0.9808-0.9997 

H2 278,290 4.805-19.253 0.8455-0.9912 0.4945-0.9575 

limonene 313,323,333,323,343 7.04-13.5 0.429-0.93156 0.96053-0.9996 

methanol 313,278,288,298,308,313,320,330,335,342,303 0.573-12.39 0.0247-0.935 0.0977-0.9982 

methyl acetate 308,318,328 0.7-9 0.128-0.9802 0.892-0.9978 

methyl linoleate 313,333 2.86-18.03 0.5217-0.9509 0.9806-0.9999 

methyl oleate 313,333 2.86-18.03 0.4876-0.943 0.9812-0.9999 

methyl propionate 313,333,353,373 1-12 0.3125-0.9058 0.3282-0.9887 

m-xylene 313,333,353 0.7-10.37 0.04-0.6971 0.951-0.9754 

n-hexane 298,313 0.44372-7.6578 0.0495-0.924 0.9253-0.9904 

dimethylformamide 293,313,338 0.43-11.05 0.0345-0.8823 0.9874-0.9998 

n-octacosane 573 0.99405-5.0574 0.0596-0.27 0.9957-0.9983 

n-octane 313 0.52-3.522 0.0588-0.3905 0.9966-0.9979 

o-xylene 313,333,353 0.79-14.86 0.0536-0.8345 0.8469-0.9756 

PC 313,333,353,373 1-13 0.081-0.7279 0.952-0.9968 

perfluorohexane 303,313,323 0.479-3.454 0.0911-0.5588 0.8467-0.9806 

propane 253,263,273,283,293,303,313,323 0.2442-7.2062 0-1 0-1 

P-xylene 313,333,353 0.61-12.37 0.04-0.8377 0.8228-0.9748 

R32 283,293,303,305,313,323,333,343 1.106-7.464 0-1 0-1 

R116 253,273,283,291,294,296 1.051-6.448 0-1 0-1 

R123 313,323,333 0.873-8.074 0.1219-0.9209 0.7352-0.9788 

R134a 252, 272, 292, 323,328,329,333,338,339,354 0.131-7.369 0-0.867 0-0.983 

R152a 258,278,298,308,323,343 0.144-7.6482 0-1 0-1 

R610 263,283,303,308,323,338,352 0.1823-6.8628 0.0218-0.9473 0.2418-0.983 

styrene 333,338,343,348 6-13.42 0.428-0.932 0.895-0.998 

tertpentanol 313,323,333,345 4.56-11.44 0.2409-0.9236 0.9253-0.9977 

tetrahydrofuran 313,333,353,298,313 0.47-10.29 0.0687-0.983 0.9347-0.998 

water 323,333,353 4.05-14.11 0.008-0.0217 0.9857-0.9966 
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МОДЕЛИРАНЕ ЧРЕЗ ИЗКУСТВЕНИ НЕВРОННИ МРЕЖИ НА БИНАРНИ СИСТЕМИ, 

СЪДЪРЖАЩИ ВЪГЛЕРОДЕН ДИОКСИД 

С.Аташруз*, Х. Мишекар 

Департамент по инженерна химия, Технологичен университет Амиркабир (Политехнически университет в 

Техеран), Кампус Махшахр, Махшахр, Иран. 

Постъпила на 7 януари, 2013 г.; коригирана на 28 май, 2013 г. 

Използвани се два математични модела, базирани на FFBP-ANN-невронни мрежи за предсказването на 

молните части на CO2 в течна (x1) и парова (y1) фаза при равновесието течност-пари (VLE) за петдесет и шест 

бинарни смеси, съдържащи CO2. За съставяне на моделите са използвани 2104 групи от данни, намерени в 

литературата. За тестването на моделите са използвани експериментални данни, неприлагани при ANN-

тренирането. Предсказаните резултати, получени чрез невронните мрежи са сравнени с достъпни литературни 

данни и е намерено резонно съгласие с тях. Средните абсолютни отклонения, получени с модела ANN-I за 

молните части x1 и с модела ANN-II за молните части y1 са съответно 1.572 % и 0.848 %. Изследването показва, 

че моделирането с невронни мрежи е добър алтернативен метод за оценяването на фазовите равновесия за този 

тип системи. 
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In this study, the effect of temperature on the rate of bacterial oxidation of Fe (II) at different microbial 

concentrations has been investigated. Reactions were carried out by using r4A1FC2B3 strain of Acidithiobacillus 

ferrooxidans at 15, 25 and 35 oC and maximum bacterial activity, thus maximum oxidation rate, was reached at 35 oC. 

At this temperature, the lag phase, the adaptation period of the bacteria, was very short and oxidation started 

immediately. The average bacteria count determined by microscopic method was 2.321x106 cells/mL. 

Key words: Fe (II), bacterial oxidation, Acidithiobacillus ferrooxidans, effect of temperature 

INTRODUCTION 

The bioleaching involves the extraction of 

metallic compounds from ores and concentrates by 

using the catalyst effects of microorganisms under 

normal pressure and between 5-90 oC. It is a 

simple, efficient and environmentally friendly 

method to process ores and has been successfully 

applied in the industrial scale for the recovery of 

copper, gold and uranium over 25 years. The 

process utilizes water, air, and microorganisms 

which all can easily be found from the environment 

[1,2].  

Belonging to the chemotrophic organisms, 

Acidithiobacillus ferrooxidans are the most used 

bacteria in the bioleaching process.  The organism 

is rod shaped, non-spored, a gram-negative, self 

spontaneous, single pole whipped. It uses 

carbondioxide as the carbon source and ammonium 

as nitrogen source [3-5]. Espejo et al.[6] studied the 

oxidation of Fe(II) and elemental sulfur by both, 

adsorbed and non-adsorbed A. ferrooxidans on 

solid surface. Nestor et al.[7] investigated the 

leaching mechanisms of refractory gold minerals by 

A. ferrooxidans. Mason and Rice [8], following an 

adaptation process, studied the leaching of iron and 

nickel from Ni-Fe(II)-FeS and Cu-Ni-Fe 

concentrates by using A.  Ferrooxidans.  

Sand et.al.[9] studied the bacterial leaching of 

metal sulfides by different bacteria and observed 

diverse effects of different bacteria on leaching and 

the generation of sulfuric acid and Fe(III) ions by 

bacteria such as Acidithiobacillus ferrooxidans, 

Leptospirillum ferrooxidans and Sulfolobus/ 

Acidionus. Ojumu et al. [10] presented a review on 

published studies and related rate equations for 

microbial ferrous-iron oxidation. They reported a 

broad range of kinetics models and large 

discrepancies on kinetics constants. They also 

indicated the lack of data on the effects of some 

factors such as pH and temperature on 

biooxidation.  

As the case for chemical reactions, biological 

reactions are also temperature dependent. However, 

unlike chemical reactions, the rate of biological 

reactions starts decreasing over a certain 

temperature and it is important to determine 

optimum reaction temperature where the rate is 

maximum. Bosecker [11] found out that, with the 

Acidithiobacillus ferrooxidans the rate of oxidation 

of Fe(II) was lower temperatures. In lower 

temperatures, there is a reduction in the extraction 

of metals. However, at higher temperatures 

thermophilic bacteria can be used for leaching. The 

bacterial oxidation of ferrous iron is based on the 

reaction: 

4FeSO4 + 2H2SO4 +O2  Bacteria

 2Fe2(SO4)3 

+2H2O       (1) 

EXPERIMENTAL 

Bacteria and Medium 

The bacteria Acidithiobacillus ferrooxidans 

which are non-spore cells growing under aerobic 

conditions were obtained from acid mine drainages. 

The bacteria, also used by Kocadağıstan [12], were 

the type r4A1FC2B3 modified by the use of 9K33 

growth medium of 9K by Silverman and Lundgren 

[13]. The medium was sterilized by autoclaving, 
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where the basal salt and iron solution being 

autoclaved separately and combined when cool. In 

order to reduce the precipitation of ferric iron, 10 N 

H2SO4 was added to the iron solution. Cultures of 

r4A1FC2B3 were incubated in 500-mL Erlenmeyer 

flasks each containing 200 mL of 9K medium and 

10% (v/v) inoculum at a constant temperature of 

30°C on a rotary shaker at 200 rpm. 

Preparation of Cell Suspension 

Cultures of r4A1FC2B3 grown under the 

conditions already described were used to prepare 

the cell suspension. Bacteria were harvested toward 

the end of their exponential phase of growth (36–48 

h after inoculation). In order to remove the 

insoluble ferric iron compounds, the cultures were 

filtered. Cells were washed twice with 10 mL of a 

solution of sulfuric acid (pH 2.0) to remove the 

remaining ferric iron. The cell pellet was finally 

suspended in 6 mL of a sulfuric acid solution of pH 

2.0. In order to make cell suspensions of different 

concentrations, different volumes of r4A1FC2B3 

culture were used. Before using a cell suspension in 

initial-rate experiments, its bacterial concentration 

was determined. 

Bacterial oxidation experiments 

Bacterial oxidation experiments of Fe(II) were 

carried out in a shaker of the type ROSI 1000 

Thermolyne Orbital Shaking Incubator. During the 

experiments, several samples at certain intervals 

were taken for Fe(II) and Fe(III) analyses. For 

Fe(II) analyses, Shimadzu UV160A 

spectrophotometer was used. Fe(III) analyses were 

completed by titration using EDTA solution with 

sulfosalisilic acid indicator. 

RESULTS AND DISCUSSION 

The growth of bacteria was followed by 

microscopic method proposed by Gürgün and 

Halkman [14]. The average count of bacteria was 

found to be 2,321x 106. 

Since in the isolation experiments of the 

r4A1FC2B3 bacteria strain, the bacteria was 

adapted to 15, 25 and 35 Celsius degrees, the effect 

of temperature on the bacterial oxidation of Fe(II) 

is investigated with experiments at these 

temperatures. All experiments were made using the 

pH value of 2 and repeated for each bacterial 

concentration. In each experiment Fe(II) and Fe(III) 

analysis were made at different times and the 

results obtained are shown at Figure 1-4. As seen 

from the Figures, maximum oxidation was obtained 

at 35°C. This was in agreement with others, that the 

maximum temperature for bacteria to grow is pH 

dependent, and found to be 45°C over the pH range 

of 2.5 to 3.5 and 35°C at a pH of 1.5 [15,16], where 

maximum temperature for bacteria to grow is pH 

dependent and a lower optimum temperature with 

decreasing pH was expressed [16]. 

 
Fig. 1. Concentrations of Fe(II) and Fe(III) vs. time, 

for different temperatures (For initial bacteria conc.  

0,5x105 cells/ml) 

 
Fig. 2.  Concentrations of Fe(II) and Fe(III) vs. time, 

for different temperatures (For initial bacteria conc.  

1x105 cells/ml) 

 
Fig. 3.  Concentrations of Fe(II) and Fe(III) vs. time, 

for different temperatures (For initial bacteria conc.  

1,5x105 cells/ml) 

 
Fig. 4. Concentrations of Fe(II) and Fe(III) vs. time, 

for different temperatures (For initial bacteria conc.  

2x105 cells/ml) 
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CONCLUSIONS 

From the Figures 1-4 obtained for the bacterial 

oxidations of Fe(II) at 15 OC, 25 OC and 35 OC, the 

following conclusions may be drawn.  

Highest conversion of Fe(II) was reached at the 

end of the 6th day. For the experiments carried out 

at 15 OC by adding 0.5 mL bacteria initially, 

concentration of Fe(II) was 8,210 mg/L at the end 

of the 2nd day which dropped to 2,706 mg/L at the 

end of 6th day. However, the corresponding 

concentration values of Fe(II) at  25OC were 8,150 

mg/L and 1,820 mg/L, whereas for 35OC, Fe(II) 

concentrations were 6875 mg/L and 516 mg/L at 

the end of 2nd and 6th day, respectively.  

When 1 ml of bacteria is added initially, these 

values of Fe(II) dropped from 8,009 mg/L to 2,350 

mg/L for 15OC , from 7,993 mg/L to 446 mg/L for 

25OC and  from 7,100 mg/L to 116 mg/L for 35OC.  

For an initial bacteria concentration of 1.5 ml, the 

Fe(II) concentrations at the end of 2nd and 6th day 

were 7,991 mg/L and 912 mg/L for 15OC, 7,660 

mg/L and 374 mg/L for 25OC, 5,449 mg/L and 106 

mg/L for 35OC. If the initial concentration of 

bacteria increases to 2 mL, corresponding Fe(II) 

concentrations of 7,726 mg/L and 392 mg/L for 

15OC, 7,465 mg/L and 265 mg/L  for 25OC and  

4,649 mg/L and 66 mg/L for 35OC  were obtained. 
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Ш настощщата работа се изследва скоростта на бактериално окисление на Fe (II) при различни 

концентрации на микроорганизми. Реакциите са извършени с щам r4A1FC2B3 на Acidithiobacillus ferrooxidans 

при 15, 25 и 35oC. Максимална микробна активност и съответно скорост на окисление са постигнати при 35 oC. 

При тази температура лаг-фазата (периодът за адаптиране) на бактериите е много кратък и окислението започва 

незабавно. Среднищт брой на бактериите е 2.321x106 клетки/мл. 
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The activity of a commercial CoMo/Al2O3 catalyst was examined in the reaction of thiophene 

hydrodesulphurization. The catalytic measurements were performed in a gradientless flow circulating system 

at atmospheric pressure. It was found that preliminary coking of the catalyst lead to a considerable decrease of 

its hydrodesulphurization activity while the selectivity to butane increases. It is also found that the catalyst 

coking pretreatment reduces its surface, and the formation of monolayer coke and dendrites is observed. It’s 

possible at special conditions of catalyst coking, to increase the selectivity and therefore output of some 

products in the reaction. 

Keywords: activity; Cobalt-molybdenum/alumina; catalyst; coking pretreatment; thiophene hydrodesulphurization 

INTRODUCTION  

The main reasons for the deactivation of Co-

Mo/Al2O3 catalysts are the coke formation, the 

adsorption of the nitrogen containing compounds 

and heavy metals on their surface [1]. A broad area 

in the literature is also devoted to the question of the 

influence of coke on the physico-chemical properties 

of the heterogeneous catalytic systems including Co-

Mo catalysts [2]. During the formation of coke part 

of the active centers of catalysts are blocked and 

their activities decreases. The study of the 

mechanism of the formation of coke becomes 

complicated owing to the fact that, the precursors of 

coke can be reagents, intermediates and the products 

of the reaction. The effect of coke on the selectivity 

of these catalysts is not well elucidated and 

carbonaceous deposit influence differently sites on 

the catalytic surface [3]. In some cases it can be 

shown that the reduction of the general activity of 

the catalyst is beneficial to its selectivity. The coking 

pretreatment of catalyst is one of method to study the 

influence of coke formation on their physico-

chemical properties. Such pretreatment of 

heterogeneous catalysts use various types of coking 

agent like anthracene, naphthalene and cyclohexene 

[4], phenanthrene [5], toluene [6], butene [7], 

butadiene [8], propene and toluene [9], acetylene 

[10]. The present work studies the effect of coking 

on the catalytic properties of CoMo/Al2O3 

hydrotreating catalysts, using toluene as a coking 

agent. 

EXPERIMENTAL 

Catalyst 

An alumina supported cobalt-molybdenum 

industrial catalyst 5AKM, (Russian product) was 

used for all the experiments. The composition of 

active parts of catalyst in wt.% is CoO 4 % , MoO3 

13 % , Fe2O3 0,13 %.  

Catalytic activity measurements 

The catalytic activity was measured at 

atmospheric pressure in a metal flow-circulating 

gradientless system connected directly to a gas 

chromatograph by means of a 6-way valve. The 

circulating contour was kept at a constant 

temperature of 110°C [15]. Thiophene 

hydrodesulphurization was used as a model reaction. 

All runs were carried out in the 200 – 425 °C range 

with excess hydrogen. The hydrogen–thiophene 

volumetric ratio at the reactor inlet was 30:1. The 

thiophene Gas Hourly Space Velocity (GHSV) was 

33.5 h-1. The temperature in the reactor was 

maintained within ± 1.0°C accuracy. Product 

selectivities were estimated as a ratio between the * To whom all correspondence should be sent: 

E-mail: itoua_63@yahoo.fr 
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reaction rate of production of the corresponding 

product and the sum of the reaction rates of all 

products. 

Experimental confirmation that the reaction 

proceeded in the kinetic region was obtained by 

carrying out experiments with differently sized 

catalyst grains and by calculating Weisz’s criterion 

[16] which was less than 1.  

The reactor was loaded with 1 g of catalyst of 0.1 

mm size. Thiophene was introduced into the reactor 

with a Gilson 302 pump. Hydrogen was admitted 

within 1% accuracy using a Matheson electronic 

mass flow controller. 

The catalyst activation of samples were treated in 

a routine way prior to the activity measurements. 

The procedure involved drying for 1 h at 120°C in a 

flow of purified hydrogen at rate of 60 ml.h-1. After 

that the temperature was slowly raised to 400° C and 

the catalyst is reduced at the same temperature for 2 

h. Catalyst sulphidisation was performed at 400° C 

for 2 h using a hydrogen-hydrogen sulfide gas 

mixture (9:1) at a flow rate of 70 ml.h-1. 

After activation the hydrogen sulfide flow was 

stopped and the temperature was lowered to the 

operating range for 1 h. After this preliminary 

operation the activity measurements were started.  

Coking pretreatment of catalyst 

Different tests were providing preliminary to find 

optimal conditions of coking.  Various liquid toluene 

flows (1.2, 2.4 and 3.6 ml.h-1) were used at different 

coking times (2, 3, 4 and 20h). Regarding the 

requirements of the equipment and the proceeding 

conditions of HDS reaction, the optimal toluene flow 

selected for precoking was 1.2 ml.h-1. 

Coking was carried out in the same reactor after 

the activation of catalyst. The coking agent used was 

toluene. The conditions of catalyst coking are as 

follows: reaction temperature = 450°C; feed rate of 

toluene = 1, 2 ml.h-1. The process proceeds in a flow 

of Ar at a flow rate of 1700 ml.h-1. Before 

introducing toluene, the catalyst is flushed with 

Argon for 15 min. 

Analytical methods 

 The reaction products were analyzed using 

online gas chromatograph (Tsvet 104) equipped with 

a thermal conductivity detector and six ports 

sampling valve.  Reaction products were separated 

using  two columns one for the analysis of thiophene 

at a column temperature of 110°C  (2 m long column 

packed with 10% Carbowax 1500 on Chromosorb 

W)  The second column (8 m long,  packed with 20% 

oxidipropionitrile on Diatomite C) was used to 

analyze hydrogen sulphide and C4 hydrocarbons, at 

15 °C. Hydrogen was used as a carrier gas at a rate 

of 40 ml min-1 [17].  

Electron spin resonance (ESR) spectra were 

recorded on a Brucker 200 D instrument at room 

temperature in the 0-5000 G range. All the spectra 

were acquired under similar conditions. 

RESULTS AND DISCUSSION 

For quantitative measurement of deposited coke 

ESR technique were used. Figure 1 shows the 

Electron Spin Resonance (ESR) spectra of the 

standard activated carbon and of the coke in the 

catalyst (curves 1 and 2).  

 
Fig. 1. ESR signal of standard activated carbon and of 

coke on the catalyst 

Figure 2 presents the number of paramagnetic 

particles formed versus coking time. The curve has 

three different regions. The initial coking process 

starts slowly and after 1.5 h it is accelerated 

substantially until 5th h. Up to 5 h the curve grows 

as a straight line to 20h. The explanation of this 

behavior of the catalyst is following. In the first two 

hours a few coking centers are formed on the catalyst 

surface of the fresh catalyst. After reaching some 

critical value of the formed coking centers period a 

fast deposition of coke on those centers proceeds in 

the second period. In the third period formation of 

new coking centers on the less active catalyst centers 

followed by deposition of additional coke on them is 

evident. 

 
Fig. 2. Number of paramagnetic particles formed versus 

coking time 

Figure 3 presents the dependence of the rate of 

thiophene decomposition at 350°C  on the number of 
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paramagnetic particles formed on the catalyst 

surface at different coking time. The reduction in the 

activity of the catalyst is almost proportional to the 

increase in the number of paramagnetic particles. 

This dependence has also three divisions, which 

correspond to divisions in the curve on Figure 2. In 

the first period of time a linear fast decrease of the 

reaction rate is observed because most active catalyst 

active centers are blocked. In the second period 

reaction rate is constant which means that the coke 

is deposited on initially formed coking centers. After 

multi layers coke deposit was formed in the third 

period steady decrease of reaction rate was observed 

due to constant rate of blocking the less active 

surface active centers. 

 
Fig. 3. Dependence of the rate of decomposition of 

thiophene with the relative intensity of paramagnetic 

signal (relative quantity of coke) 

Figure 4, shows the dependence of the rate of 

decomposition of thiophene on temperature for fresh 

and coked catalyst for 3 h with 2,87.1015 

paramagnetic particles deposited. For the two 

samples the dependence has the same character. This 

clearly indicates that the mechanism of the process 

does not change after the coking of catalyst. With the 

increase in temperature, the rate of decomposition of 

thiophene increases. For all temperatures studied, 

fresh catalyst's activity is 15 % higher than the coked 

sample. 

 

Fig. 4. Dependence of the rate of decomposition of 

thiophene with temperature of reaction. 1 - fresh catalyst, 

2 - coked catalyst for 3 hours 

 

To have an idea about the way in which deposited 

coke is located on the surface of the catalyst, we have 

measured its specific surface at different period of 

coking. Figure 5 presents the dependence of the 

surface area of the catalyst from quantity of coke 

deposited defined by the intensity of the signal 

g=2.004. 

 

Fig. 5: Surface area of the catalysts coked at different time 

It is seen that specific surface area decreases 

quickly at the beginning of coking process until 

approximately the third hour corresponding to 

2,87.1015 paramagnetic particles. With the increase 

in the quantity of coke after 20 h of coking, there is 

very small changes of the surface area of the catalyst, 

nevertheless there is an increased in the quantity of 

coke deposited on its surface. The results presented 

on figure 2 confirms the suggestion of monolayer-

multilayer growth of coke on the catalyst surface 

[11]. The rate of thiophene decomposition is reduced 

by coke deactivation. On figure 5 the specific surface 

is practically unchanged up to 5 h. Probably 

multilayer coke is formed and not occupied all 

catalyst surface [12]. The influence of this coke is 

not sensitive on the specific surface. 

Table 1 shows the selectivity of each product in 

the reaction at various temperatures for catalyst 

coked for 3h and for fresh sample. It can be seen that, 

at the same temperature the butane selectivity of 

coked catalyst is higher than that of the fresh sample. 

With the increasing of temperature the butane 

selectivity of both samples grows, however at the 

same degree of thiophene conversion carried at low 

temperature, the butane selectivity of the coked 

sample is higher than that of the fresh sample. The 

higher butane selectivity of coked catalyst compared 

to that of the fresh sample shows that, under the 

conditions of our tests, coking has little influence on 

the hydrogenation sites. This behavior can be 

explained by the observations reported in [13, 14]. 

The formation of coke on the catalyst surface not 

concerns all its surface. Part of catalyst sites preserve 

its activity. 
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Table 1. Selectivities on the different hydrocarbon 

reaction products during the HDS of thiophene 

decomposition on catalyst coked for 3h and for fresh 

catalyst 

Catalyst 
T 

°C 
Butane 1-butene 

Trans-

2-

butene 

Cis-2-

butene 

Fresh 
350 

0,31 0,12 0,32 0,2 

Coked 0,43 0,08 0,29 0,18 

Fresh 
375 

0,33 0,17 0,3 0,2 

Coked 0,55 0,08 0,2 0,14 

Fresh 
425 

0,42 0,15 0,25 0,17 

Coked 0,71 0,05 0,12 0,09 

Other studies show that the formation of coke on 

the surface of Co-Mo/Al2O3 catalysts does not 

influence the process of adsorption and desorption of 

the reagents and the products on the virgin surface of 

catalyst [14]. Our results confirms the existence of 

several types of active centers, which are influenced 

by the formation of coke obtained during the 

reaction of hydrogenation.  

The selectivity of butylene-1 of coked catalyst is 

smaller than that of fresh catalyst at the same 

temperature of reaction. That is in line with the 

observation of high hydrogenation rate on coked 

catalysts. With the increase of the temperature, the 

selectivity of the fresh sample increases whereas that 

of the coked sample decreases. The higher butene-1 

selectivity of fresh catalyst can be explained by the 

high temperature dependence of the activity of the 

active sites of hydrodesulfurization on temperature 

compared to those of hydrogenation and 

isomerization active sites.  The low butylene-1 

selectivity of coked catalyst shows that, after coking 

the rate of butane-1 rate formation is significantly 

reduced due to decrease of rate of decomposition of 

thiophene compared to that of hydrogenation and 

isomerization reactions.  

After coking, the cis-2-butylene and trans-2-

butylene selectivities decrease which shows that, 

coking led also to partial deactivation of the 

isomerization centers. The selectivities of these 

products decrease with the increase in the 

temperature, which is a proof that the rate of 

conversion of butylene-1 into butane increases more 

quickly than its isomerization to cis-2-butylene and 

trans-2-butylene. 

CONCLUSION 

On the basis of the results obtained, following 

conclusions can be made: 

There are three periods of coking of 

hydrodesulfurization CoMo/Al2O3 catalyst in which 

catalyst deactivation is proceeding by different 

mechanisms. 

Most of deposited coke forms multi-layer coke 

coverage of the surface, mainly during second and 

third period of coking. 

The three types of active centers: 

hydrodesulphurization, hydrogenation and 

isomerization, are deactivated in different way 

during catalyst coking. The centers of 

hydrodesulphurization and isomerization are not 

very sensitive to coke while the centers of 

hydrogenation are more sensitive. That gives the 

possibility, by a partial deactivation of the catalyst to 

influence on its selectivity and respectively on the 

output of the various products of the reaction. 
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(Резюме) 

Активността на търговски CoMo/Al2O3 катализатор бе изследвана в реакцията на хидроочистка на тиофен. 

Каталитичните измервания се извършваха в циркулираща безградиентна система при атмосферно налягане. 

Установено бе, че предварително коксуване на катализатора води до значително намаляване на активността му, 

докато селективността по отношение на бутана се увеличава. Установено бе също така, че предварителното 

третиране на катализатора чрез коксуване намалява неговата повърхност и се наблюдава образуването на 

монослой от кокс и дендрити. Възможно е при специални условия на коксуване на катализатора да увеличи 

селективността и следователно добива на някои продукти на реакцията. 
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Pyrazole and their derivatives are found to have profound biological activity. In the present work some novel 

substituted pyrazole derivatives were synthesized. Pyrazole are synthesized by treating ethyl bis [methylthio] -2- 

cyanoacrylate with hydrazide derivatives. The derivatives of pyrazole were prepared by Schiff base reaction.All the 

synthesized compounds were characterized by IR, 1H-NMR and Elemental Analysis. All the newly synthesized 

derivatives were evaluated for antimicrobial activity on different micro-organisms (E.coli, S. aureus, A.niger, C. 

albicans)at the concentration of 200µcg/mL by using cup-plate agar diffusion method. The activity was measured in 

terms of zone of inhibition and compared with standard drug ciprofloxacin for antibacterial and griseofulvin for 

antifungal activity. These compounds were also evaluated for antitubercular activity (M. tuberculli) at 25, 50 and 100 

µcg/mL concentrations. All the compounds were screened for in-vitro anti-inflammatory activity at different 

concentration like200 g/ml, and 300 g/ml, by inhibition of protein denaturation method. Ibuprofen was used as 

standard drug. Potent compounds were screened for in vivo anti-inflammatory activity in albino rats at 200 µg/ml 

concentration to confirm the results.   

Keywords:Pyrazoles; Antibacterial; Antitubercular and Anti-inflammatory. 

1. INTRODUCTION 

Pyrazoles 

Pyrazoles refers to the class of heterocyclic 

compounds characterized by 5 – memberedaromatic  

ring  structure  composed  of  three  carbon  atoms  

and  two  nitrogen  atoms  inadjacent positions, of   

two  nitrogen atoms  one basic  nitrogen  and  

neutral  nitrogen, thearomatic nature arises from the 

four electrons and the unshared pair of electrons on 

the –NH nitrogen. 
NH

N

pyrazole  
Pyrazole derivatives have a long history of 

application in agrochemicals as herbicides 

andinsecticides and in pharmaceutical industry as 

antipyretic and anti-inflammatory.Antipyrine is the 

one of the earliest synthetic drugs and is named after 

its antipyreticproperties. Butazolidine, another 

pyrazolone is a powerful anti- inflammatorydrug 

usedin rheumatic conditions. Many pyrazole 

derivatives are associated with anti-fungal, anti-

diabetic and anti-inflammatory properties.  The 

success of pyrazole COX-2 inhibitor hasfurther 

highlighted the importance of this heterocycles in 

medicinal chemistry. 

Pyrazole derivatives have been reported to show 

a broad spectrum of biological activity including 

antimicrobial [29-44], anti-inflammatory [45-54], 

antituberculosis [55, 56], antiviral [57, 58], 

hypoglycemic [59, 60], anti-tumor [20-25], 

antihypertensive [26-28]. Due to its wide range of 

biological activity, pyrazoleshave received a 

considerable interest in the field of drug discovery 

and therefore pyrazolering constitutes a relevant 

synthetic target in pharmaceutical industry.  In fact, 

such a heterocyclic moiety represents the core 

structure of a number of drugs. 

RESULTS AND DISSCUSSON 

The twelve Pyrazole derivatives have been 

synthesized during the course of research work. 

The synthesized compounds were subjected to 

various antibacterial, antifungal and antitubercular 

and anti-inflammatory screening by the standard 

methods. 

 Antibacterial activity: All the compounds 

were screened for antibacterial activity at 200 

g/ml concentration. However the compounds A2, * To whom all correspondence should be sent: 

E-mail: shashipattan@yahoo.com © 2014 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria 
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A3, B2, C2 and C3 have shown maximum 

antibacterial activity, while the remaining 

compounds have also shown moderate antibacterial 

activity, when compared with standard drug 

Ciprofloxacin against Staphylococcus aureus 

(Gram positive) and Escherichia coli (Gram 

negative) . 

 Antifungal activity: All the compounds were 

screened for antifungal activity. However 

Compound A2, B2,B3, C2andC3have showed 

maximum activity, while the remaining compounds 

have also shown moderate Antifungal activity, 

when compared with standard Griseofulvin against 

Aspergillusniger&Candida albicans. 

 Antitubercular activity:  All the compounds 

were screened for antitubercular activity by Middle 

brook 7H9 agar medium as described by Elmer WK 

et al. against H37Rv Strain. However   Compounds 

A4, B1, B2, B3 and B4 have shown promising 

antitubercular activity against Mycobacterium 

tuberculosis of H37Rv Strain. Streptomycin was 

use as std. drug. 

 Anti-inflammatory activity: All the 

compounds were screened for in-vitro anti-

inflammatory activity at different concentration 

like200 g/ml, and 300 g/ml, by inhibition of 

protein denaturation method. Compounds A2, A3, 

B2, B3, C3 and C4 have shown promising anti-

inflammatory activity. Ibuprofen was used as 

standard drug. The Compounds A1, A2, B3, B4, C2 

and C3 were screened for the in vivo anti-

inflammatory activity at 200 µg/ml concentration. 

CompoundA2, B3, B4, C2 and C3 shows good anti-

inflammatory activity. 

Regarding the above result, it is suggested that 

compounds substituted with electron-releasing 

groups (-OCH3, -OH) increase the antimicrobial 

activity and anti-inflammatory activity. 

The proposed work has given out many active 

antibacterial, antifungal, antitubercular and anti-

inflammatory agents. Some of the compounds have 

showed moderate activities. These compounds with 

suitable modification can be explored better for 

their therapeutic activities in the future. 

The experimental work comprises of scheme 

(procedures) [55,56,57,58,59] 

1. Synthesis of ethyl bis(methylthio)- 2 

cynoacrylate. 

2. General procedure for synthesis of ethyl 5-

amino-3-(methylthio)-1-substituted-1Hpyrazole-4-

carboxylate 

3. General procedure for synthesis of 1-

substituted-5-amino-4-[(hydrazinooxy)carbonyl]-

1H-pyrazole. 

4. General Procedure for synthesis of 2-{[5-

amino-1-substituted-3-(methylthio)-1H-pyrazole-4-

yl]carbonyl}-5-methyl-2,4-dihydro-3H-pyrazole-3-

one.(V) 

5. General procedure for synthesis of 

derivative of pyrazole. 

Step 1: Synthesis of ethyl bis(methylthio)- 2 

cynoacrylate(I): Pulverized potassium hydroxide 

(0.2mol) was suspended in dioxane (100mL) and a 

solution of ethylcynoacetate (0.1mol) and carbon 

disulphide(0.1mol) in dioxane(50mL) was added 

with stirring and cooling to maintain temperature of 

15-20oc. After stirring for 20 min, the solution was 

diluted with 250 ml ether. The yellow precipitate 

was filtered, washed with dioxane-ether and dried 

in vacuo over NaOH and P2O5. A solution of 

dithiolates (2mM) and methyl iodide (4mM) in abs. 

ethanol was kept at 0oC for 2 days. The ethanol was 

removed by evaporation in vacuo and water added 

to the residue. The insoluble solid was filtered and 

dried on recrystalised ether to yield colorless 

crystal.    

CH2

C2H5OOC

NC

Base

CH-

C2H5OOC

NC

CH

C2H5OOC

NC
CS2

CSS- C

C2H5OOC

NC

C

CH3S

CH3S

CH3I

 
Step 2: General procedure for synthesis of 

ethyl 5-amino-3-(methylthio)-1-substituted-1H-

pyrazole-4-carboxylate (III): A hydrazide 

derivative (100 mM) and ketene dithioacetal 

derivative (150 mM) in methanol (70 mL) was 

heated under reflux till completion of reaction. The 

reaction was monitored by thin layer 

chromatography using mixture of chloroform and 

methanol (8:2) as eluent. The reaction mass was 

cooled to 0-5° C to crystallize the product. On 

filtration and washing with chilled methanol it 

afforded pyrazole derivatives 

Step 3:General procedure for synthesis of 1-

substituted-5-amino-4- [(hydrazinooxy)carbonyl]-

1H-pyrazole(IV): A  mixture of 0.01 mole of 

com.(III) and 0.2 mole (10mL) of Hydrazine 
hydrate were taken in 250 mL round bottom flask 
attached to a refluxed condenser and refluxed 

with50 ml of 95% ethanol for 15 hrs. The resultant 

mixture was concentrated in 250 ml beaker. It was 

cooled at room temperature and kept in refrigerator 

for 2 hrs. The solid mass thus separated out was 

filtered, dried and purified by recrystallization from 

ethanol. 

Step 4:General Procedure for synthesis of 2-

{[5-amino-1-substituted-3(methylthio)-1H-

pyrazole-4-yl]carbonyl}-5-methyl-2,4-dihydro-3H-

pyrazole-3-one.(V): A mixture of the hydrazide 

(IV) (10 mM) and ethyl acetoacetate (10 mM) in 
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absolute ethanol was heated at reflux for 3 h. The 

reaction mixture was cooled and the formed 

precipitate was filtered off, dried and recrystallized 

from acetic acid. 

Step 5: General procedure for Microwave 

Assisted synthesis of derivative of pyrazole(VI): A 

mixture of 2 mM of aldehyde and 2 mM of 

different aryl or alkyl amines (V) was taken and 

triturated in a mortar pestle. Then above mixture 

was transferred to a vessel which was then kept in 

microwave for synthesis. 4 to 5 mL of DMF was 

also added to mixture before putting it in 

microwave. Microwave was run at 400-480 W for 3 

to 6 min for depending on reaction mixtures. 

Reaction completion was monitored continuously 

after each run by TLC. Then product was washed 

with ethanol, solvent was evaporated, dried and 

recrystalized with ethanol.  

Scheme: 

C C

C2H5OOC

NC SCH3

SCH3

RH2NHN

R

N
N

H3CS
COOC2H5

NH2

NH2NH2H2O

R

N
N

H3CS
C

NH2

O

NHNH2

R

N
N

H3CS
C

NH2

O

N

N

O

CH3

R

N
N

H3CS
C

N

O

N

N

O

CH3

R'CHO

CH R'

(II)

(I)

(III)

(IV)

(V)

(VI)

+

Methanol

Ethanol

DMF

Microwave
at 400-480 W
for 3 to 6 min.

Ref lux for
2 to 3 hrs

Ref lux for
15 hrs

Ref lux for
3 hrs

Ethyl Aceto Acetate

 

SPECTRAL DATA 

Infra Red / 1H-NMR spectral study of the 

synthesized compounds. (A1-C4) 

A1 

IR Bands (cm-1): 2997, 1712, 1630, 1602, 1112, 

668 

Types of Vibrations: C-H, C=O, C=N, C=C, C-N, 

C-S-C 

 Values in ppm: 8.76-9.34, 7.52-7.83, 1.94-2.53 

No. Of Protons: 3H of Pyrazine, 6 H of Aryl, 2 H of 

Methyl. 

A2 

IR Bands (cm-1): 2992, 1710, 1645, 1610, 1142, 

1086, 686. 

Types of Vibrations: C-H, C=O, C=N, C=C, C-N, 

C-O, C-S-C. 

 Values in ppm: 8.76-9.34, 7.62-7.84, 2.53. 

No. Of Protons: 3H of Pyrazine, 4 H of Aryl, 1 H of 

Methyl. 

A3 

IR Bands (cm-1): 3398, 2988, 1698, 1634, 1592, 

1286, 1046, 694 

Types of Vibrations: 10.9, 8.7-8.6, 8.0, 7.65-7.03, 

2.8, 2.5, 1.8 

 Values in ppm: 8.76-9.34, 7.62-7.84, 2.8. 

No. Of Protons: 3H of Pyrazine, 4 H of Aryl, 3 H of 

Methyl. 

A4 

IR Bands (cm-1): 2998, 1702, 1653, 1612, 1574, 

1086, 674 

Types of Vibrations: C-H, C=O, C=N, C=C, C=C, 

C-N, C-S-C 

 Values in ppm: 8.76-9.34, 7.33-7.60, 1.94-2.53. 

No. Of Protons: 3H of Pyrazine, 5 H of Benzene, 2 

H of Methyl. 

B1 

IR Bands (cm-1):1699, 1634, 1597, 1080, 683 

Types of Vibrations: C-H, C=O, C=N, C=C, C-N, 

C-S-C 

 Values in ppm: 7.92-, 7.33-7.60, 1.94-2.53. 

No. Of Protons: 4 H of 4-Pyridine , 6 H of Aryl, 2 

H of Methyl.  

B3 

IR Bands (cm-1): 3400, 2994, 1689, 1622, 1586, 

1124, 1078, 697 

Types of Vibrations: O-H, C-H, C=O, C=N, C=C, 

C-N, C-O, C-S-C 

 Values in ppm: 7.92-8.89, 7.08-8.59, 1.94-2.53. 

No. Of Protons: 4 H of 4-Pyridine , 5 H of Aryl, 2 

H of  2 Methyl.  
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B4 

IR Bands (cm-1): 2997, 1762, 1699, 1621, 1015, 

681 

Types of Vibrations: C-H, C=O, C=N, C=C, C-N, 

C-S-C. 

 Values in ppm: 7.92-8.84, 7.33-8.60, 1.94-2.53. 

No. Of Protons: 4 H of 4-Pyridine , 5 H of 1-

Benzene, 2 H of  2 Methyl.  

C1 

IR Bands (cm-1): 3016, 1709, 1642, 1602, 1087, 

690 

Types of Vibrations: C-H, C=O, C=N, C=C, C-N, 

C-S-C 

 Values in ppm: 7.92-8.84, 7.33-8.60, 1.94-2.53. 

No. Of Protons: 5 H of Benzene , 5 H of Aryl, 2 H 

of Methyl.  

C2 

IR Bands (cm-1): 3021, 1702, 1641, 1578, 1210, 

1043, 673 

Types of Vibrations: C-H, C=O, C=N, C=C, C-N, 

C-O, C-S-C 

 Values in ppm: 1.6-4.22, 6.8-8.59, 7.45-8.04 

No. Of Protons: 5 H of 1-Benzene , 5 H of Aryl,2  

H of Methyl  

C3 

IR Bands (cm-1): 3024, 1731, 651, 1597, 1253, 

1104, 686 

Types of Vibrations: C-H, C=O, C=N, C=C, C-N, 

C-O, C-S-C 

 Values in ppm: 7.02-8.59, 7.45-8.04, 1.94-2.53 

No. Of Protons: 5 H of 1-Benzene , 4 H of Aryl, 2 

H of Methyl  

C4  

IR Bands (cm-1): 3026, 1714, 1640, 1600, 1131, 

692 

Types of Vibrations: C-H, C=O, C=N, C=C, C-N, 

C-S-C 

 Values in ppm: 7.33-8.04, 5.5-6.6, 1.94-2.53 

No. Of Protons: 10 H of 1-Benzene ,2 H of 

methylene, 2 H of Methyl  

INSTRUMENTAL DETAILS 

Infrared Spectra 

The peaks in IR Spectrum gave an idea about 

the probable structure of the compound. IR region 

ranges between 4000-650 cm-1. The derivatives 

including intermediates were recorded on Jasco 

FT/IR 4100, which showed different vibration 

levels of molecules by using potassium bromide 

(KBr) pellet technique. 

1H-NMR Spectra 

NMR Spectroscopy enables us to record 

differences in magnetic properties of the various 

magnetic nuclei present and to deduce in the large 

measure about the position of these nuclei within 

the molecule.  We can deduce how many different 

kinds of environment are there in the molecules and 

also which atoms are present in neighboring 

groups. The proton NMR spectra, enables us to 

know different chemical and magnetic 

environments corresponding to protons in 

molecules. 
1H-NMR of the title compounds were recorded 

on sophisticated multinuclear FT NMR 

Spectrometer model Avance-II (Bruker), DMSO-d6 

as internal standards. The instrument is equipped 

with a Gyromagnet of field strength 9.4T. Its 1H 

frequency is 400 MHz.The chemical shift data were 

expressed as δ-values related to TMS. 

C H N Analysis 

The permiscible limit for C H N analysis were 

performed on Thermo finnigan. Model: FLASH EA 

1112 series. 

Microwave Synthesis 

Microwave synthesis were performed on 

instrument of LG company, Model no.:MH-6349 

EB. 

 
Table of derivatives. List of synthesized compounds with their IUPAC names. 

A1 

1-(5-(benzylideneamino)-3-(methylthio)-1-

(pyrazine-2-carbonyl)-1H–pyrazole-4-yl)-3-

methyl-1H–pyrazole-5(4H)-one 

N

N

C

N
N

O

S

CH3

N CH

N

N

CH3

O
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A2 

1-(5-(4- methoxybenzylideneamino)-3-

(methylthio)-1-(pyrazine-2-carbonyl)-1H–

pyrazole-4-yl)-3-methyl-1H–pyrazole-5(4H)-

one 

N

N

C

N
N

O

S

CH3

N CH OCH3

N

N

CH3

O

 

A3 

1-(5-(2- hydroxybenzylideneamino)-3-

(methylthio)-1-(pyrazine-2-carbonyl)-1H–

pyrazole-4-yl)-3-methyl-1H–pyrazole-5(4H)-

one 

N

N

C

N
N

O

S

CH3
N

N

N

CH3

CH

HO

O

 

A4 

3-methyl-1-(3-(methylthio)-5-(3- 

phenylallylideneamino)-1-(pyrazine-2-

carbonyl)-1H–pyrazole-4-yl)-1H–pyrazole-

5(4H)-one 

N

N

C

N
N

O

S

CH3

N CH C
H

CH

N

N

CH3

O

 

B1 

1-(5-(benzylideneamino)-1-isonicotinoyl-3-

(methylthio)-1H–pyrazole-4-yl)-3-methyl-

1H–pyrazole-5(4H)-one 
C

N
N

O

S

CH3

N CH

N

N

N

CH3

O

 

B2 

1-(1-isonicotinoyl-5-(4-

methoxybenzylideneamino)-3- 3-

(methylthio)-1H–pyrazole-4-yl)-3-methyl-

1H–pyrazole-5(4H)-one C

N
N

O

S

CH3

N CH OCH3

N

N

N

CH3

O
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B3 

1-(5-(2-hydroxybenzylideneamino)-1-

isonicotinoyl-3-(methylthio)-1H–pyrazole-4-

yl)-3-methyl-1H–pyrazole-5(4H)-one C

N
N

O

S

CH3

N CH

HO

N

N

N

CH3

O

 

B4 

1-(1-isonicotinoyl-3-(methylthio)-5-(3-

phenylallylideneamino)-1H–pyrazole-4-yl)-3-

methyl-1H–pyrazole-5(4H)-one C

N
N

O

S

CH3

N CH C
H

CH

N

N

N

CH3

O

 

 

C1 

1-(5-(benzylideneamino)-3-(methylthio)-1-

phenyl-1H–pyrazole-4-yl)-3-methyl-1H–

pyrazole-5(4H)-one N
N

S

CH3

N CH

N

N

CH3

O

 

C2 

1-(5-(4- methoxybenzylideneamino)-3-

(methylthio)-1-phenyl-1H–pyrazole-4-yl)-3-

methyl-1H–pyrazole-5(4H)-one 

 
N

N

S

CH3

N CH OCH3

N

N

CH3

O

 

C3 

1-(5-(2- hydroxybenzylideneamino)-3-

(methylthio)-1-phenyl-1H–pyrazole-4-yl)-3-

methyl-1H–pyrazole-5(4H)-one N
N

S

CH3

N CH

HO

N

N

CH3

O
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C4 

3-methyl-1-(3-(methylthio)-5-(3- 

phenylallylideneamino)-1-phenyl-1H–

pyrazole-4-yl)-1H–pyrazole-5(4H)-one N
N

S

CH3

N CH C
H

CH

N

N

CH3

O

 

 Table. Analytical data of synthesized compounds 

Comp. Mol. Formula Mol. Wt. M.P 0C Rf Value Yield % 

Elemental analyses 

Calcd. (Found) 

C H N 

A1 C20H17N7O2S 419.46 140-142 0.74 71 
57.27 

(57.22) 

4.09 

(4.20) 

23.37 

(23.34) 

A2 C21H19N7O3S 449.49. 143-145 0.70 67 
56.11 

(56.15) 

4.26 

(4.30) 

21.81 

(21.84) 

A3 C20H17N7O3S 435.46 152-154 0.67 63 
55.16 

(55.11) 

3.93 

(3.90) 

22.52 

(22.49) 

A4 C22H19N7O2S 445.50 194-196 0.72 79 
59.31 

(59.42) 

4.30 

(4.02) 

22.01 

(22.10) 

B1 C21H1N6O2S 418.47 178-180 0.76 58 
60.27 

(60.31) 

4.34 

(4.30) 

20.08 

(20.06) 

B2 C22H20N6O3S 448.50 145-147 0.75 56 
58.92 

(58.89) 

4.49 

(4.54) 

18.74 

(18.78) 

B3 C21H18N6O3S 434.47 146-148 0.71 65 
58.05 

(58.03) 

4.18 

(4.24) 

19.34 

(19.33) 

B4 C23H20N6O2S 444.51 186-188 0.68 70 
62.15 

(62.10) 

4.54 

(4.55) 

18.91 

(18.90) 

C1 C21H19N5OS 389.47 126-128 0.76 63 
64.47 

(64.45) 

4.92 

(4.89) 

17.98 

(17.94) 

C2 C22H21N5O2S 419.50 139-141 0.68 64 
62.99 

(62.78) 

5.05 

(5.31) 

16.69 

(16.58) 

C3 C21H19N5O2S 405.47 146-148 0.65 68 
62.21 

(62.22) 

4.72 

(4.73) 

17.21 

(17.18) 

C4 C23H21N5OS 415.51 165-167 0.72 72 
66.48 

(66.44) 

5.09 

(5.05) 

16.85 

(16.86) 

TLC Solvents: Methanol:Benzene (1:9) 

 

PHARMACOLOGICAL AND MICROBIOLOGICAL SCREENING 

Anti-bacterial and Anti-fungal activity of synthesized compounds: 

Compd. 

Zone of inhibition at 200µcg/mL (in mm.) 

E. coli 

ATCC 25922 

S. aureus 

ATCC 25923 

A. niger 

NCIM 596 

C. albicans 

NCIM 3102 

A1 16 14 12 16 

A2 18 23 21 23 

A3 21 24 21 18 

A4 15 16 14 18 

B1 12 14 16 14 

B2 18 22 24 25 

B3 16 19 23 24 

B4 18 17 14 22 

C1 13 14 12 20 

C2 18 21 22 24 

C3 22 24 20 26 

C4 18 12 17 13 

Ciprofloxacin 28 26 - - 

Griseofulvin - - 28 25 

Compounds A2, A3 ,B2, C2 and C3 have shown promising antibacterial activity 

against Std. Ciprofloxacin. Compounds A2, B2, B3, C2, and C3 have exhibited 

excellent antifungal activities against Std. Griseofulvin. 
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Anti-tubercular activity of the synthesized compounds: 

Compound code 25 µcg /Ml 50 µcg /mL 100 µcg /mL 

A1 R R S 

A2 R R R 

A3 R R S 

A4 R S S 

B1 R S S 

B2 R S S 

B3 R S S 

B4 R S S 

C1 R R R 

C2 R R R 

C3 R R R 

C4 R R R 

Streptomycin S S S 

R- Resistance; S- Sensitive 

Compounds A4, B1, B2, B3 and B4 have shown 

promising antitubercular activity at both the 

concentration 50 and 100 µcg /mL. H37 Rv strain 

was used as standard tubercular organism. 

Streptomycin was used as standard drug. However, 

Streptomycin has shown antitubercular activity at 

25 µcg /mL. 

 

In-vitro Anti-inflammatory activityof the synthesized compounds: 

Compound 
Absorbance Value (Mean + SE) Inhibition of Denaturation (in %) 

200 µg/mL 300 µg/mL 200 µg/mL 300 µg/mL 

Control 0.095 0.095 - - 

Ibuprofen 0.180 0.195 89.4% 105.2% 

A1 0.142 0.152 49.47% 60.00% 

A2 0.162 0.173 70.52% 82.10% 

A3 0.156 0.169 64.21% 77.89% 

A4 0.130 0.143 36.84% 50.52% 

B1 0.134 0.141 41.05% 48.42% 

B2 0.146 0.157 53.68% 65.26% 

B3 0.155 0.167 63.15% 75.78% 

B4 0.135 0.146 42.10% 53.68% 

C1 0.130 0.139 36.84% 46.31% 

C2 0.141 0.152 48.42% 60.00% 

C3 0.160 0.174 68.42% 83.15% 

C4 0.142 0.158 49.47% 66.31% 

 

The percentage inhibition of denaturation was 

calculated by using following formula:  

% of Inhibition = 100 X [Vt / Vc – 1] 

Where, Vt = Mean absorbance of test sample. 

Vc = Mean absorbance of control. 

In-vivo Anti-inflammatory activity of the synthesized compounds 

Compound 
Increase paw volume 

% Decrease paw volume after 3 hour 
1 hour 2 hour 3 hour 

Control 0.37(±0.02) 0.39(±0.008) 0.45(±0.03)  

Diclofenac sodium 0.10(±0.03) *** 0.10(±0.05) *** 0.12(±0.011) *** 73.33 

A1 0.12(±0.007) *** 0.23(±0.03) ** 0.26(±0.02) ** 42.22 

A2 0.08(±0.02) *** 0.09(±0.05) *** 0.13(±0.009) *** 71.22 

B3 0.08(±0.009) *** 0.12(±0.05) *** 0.17(±0.011) *** 62.23 

B4 0.10(±0.06) *** 0.13(±0.009) *** 0.16(±0.02) *** 64.45 

C2 0.07(±0.04) *** 0.09(±0.05) *** 0.14(±0.009) *** 68.89 

C3 0.11(±0.03) *** 0.14(±0.07) *** 0.16(±0.012)*** 64.45 

The results are expressed as mean ± SEM (n 

=6). Significance was calculated byusing one-way 

ANOVA with Dunnet’s t- test. The difference in 

results was considered significant when p<0.05. 

*p<0.05 vs control at 200 mg/kg b.w; **p<0.01 

vscontrol at 200 mg/kg b.w; ***p< 0.001 vs control 

at 200 mg/kg b.w. 
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СИНТЕЗА И ОХАРАКТЕРИЗИРАНЕ НА НЯКОИ ЗАМЕСТЕНИ 

ПРОИЗВОДНИ НА ПИРАЗОЛА С БИОЛОГИЧНО ПРИЛОЖЕНИЕ 

С.Р. Патан1*, П.В. Пател1, Г.С. Атхар1, А.Б. Джангар1, С.А. Патан3, Дж.С. Патан2 

1Департамент по фармацевтична химия, Селскостопански колеж по фармация „Правара“, Лони, Индия 
2 Департамент по биотехнология, Колеж по изкуства, наука и търговия PVP, Лони, Индия 
3 Департамент по фармакогнозия, Колеж по изкуства, наука и търговия PVP, Лони, Индия 

Постъпила на 7 ноември, 2012 г.; коригирана на 27 февруари, 2013 г. 

(Резюме) 

Пиразолът и неговите производни имат голяма биологична активност. В настоящата работа са синтезирани 

нови заместен производни на пиразола. Те са синтезирани чрез третирането на етил бис-[метилтио] -2- 

цианоакрилатс производни на хидразида. Производните на пиразола са получени чрез реакция с Шифови бази. 

Всички получени съединения са охарактеризирани с IR, 1H-NMR и елементен анализ. Всички новосинтезирани 

съединения са изпитани за антимикробна активност върху различни микроорганизми (E.coli, S. aureus, A.niger, 

C. albicans) при концентрации 200µg/mL чрез дифузия в агар в стъкла на Петри. Активността е определяна чрез 

зоните на инхибиране и сравнена с действието на стандартното лекарство ципрофлоксацин за антимикробна и с 

гризеофулвин за антигъбична активност. Изпитаните съединения са тествани и за антитуберкулозна активност 

спрямо M. tuberculli при концентрации от 25, 50 и 100 µg/mL, а за in-vitro противо-възпалителна активност – 

при концентрации 200 g/ml и 300 g/ml по метода на денатурирането на протеини. Като стандартно лекарство 

е използван ибупрофен. Съединенията са изпитани за in vivo противо-възпалителна активност спрямо бели 

мишки при 200 µg/ml за потвърждение на резултатите. 
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The present paper reports the synthesis and characterization of novel dicoumarinamines (7) as potential bioisostere 

compounds of dicoumarols (4). 3,3'-Methylenebis(4-amino-2H-chromen-2-one) (7a) was obtained in high yield in a 

reaction of 4-aminocoumarine (5) with aqueous formaldehyde. Best results in reactions of 5 with aldehydes 6 (b-h) 

were obtained when reactions were performed in acidified ethanol as a solvent. The structure and relative stability of the 

possible rotamers were studied by DFT methods at B3LYP/6-31+G** level with regard to their potential biological 

activity.  

Key words: aminocoumarins, bioisostere, dicoumarols, anticoagulant, DFT. 

1. INTRODUCTION 

Currently, the chemistry and bioactivity of 

coumarins are of remarkable interest to medicinal 

chemists. Large number of compounds with 

coumarin scaffold are known to possess a wide 

range of pharmacological properties including 

antibacterial [1-2], antifungal [3-4], antioxidant [5-

6], anticancer [7-8], antituberculosis [9-10], anti-

HIV [11-12], antimalarial [13-14], anti-

inflammatory [15], anti-allergic [16], and many 

other activities.  

Probably, the most well-known bioactive 

coumarins are anticoagulants. Over six decades, 

warfarin (1) is the mainly prescribed oral 

anticoagulant drug. In last 20 years, related 

compounds, such as phenprocoumon (2) and 

acenocoumarol (3) are used as oral anticoagulation 

therapy worldwide (Figure 1). Nowadays, new or 

modified coumarins with same pharmacological 

activity are still in the focus of many research 

groups [17-20]. All these compounds are analogues 

and inspired of dicoumarol (4a) as a prototype. 

Anticoagulant activity of 4a is known for nearly one 

century and even before discovering of its structure 

in 1940. Dicoumarols (4) and similar [21] 

compounds nevertheless attract intense interest 

because of their activity (Figure 1) [22-26]. 

The different substituents in the coumarin 

derivatives have considerable influence on their 

biological activity. So, the identification of crucial 

structural characteristic is essential for the 

development of new analogues with improved 

efficacy and lower side-effects. The design and 

synthesis of new derivatives with high specific 

activity for known and other pharmacological 

targets is a nowadays challenge. The present paper 

reports the synthesis and characterization of novel 

dicoumarinamines (7) as potential bioisosteric 

compounds of 4. Also, density functional theory 

(DFT) was employed to interpret the observed NMR 

spectra of the studied species. These results were 

used to investigate the preferred conformation of the 

compounds and the molecular properties with 

regard to their potential biological activity 

EXPERIMENTAL 

Aldehydes 6 were purchased commercially and 

used without further purification.  

Melting points were determined on a Reichert 

hot-stage apparatus.  

The FTIR spectra (4000-400 cm-1) were recorded 

at ambient temperature with 16 scans on Perkin-

Elmer System 2000 with the resolution of 4 cm-1 

using KBr pellets. The data for strong (s) and very 

strong (vs) bands are given. 

The NMR spectra were run on a Bruker 250 

DRX Spectrometer using standard Bruker Topspin 

software. DMSO-d6 was used as a solvent and the 

chemical shifts were referenced to the residual 

solvent signal (2.5 ppm for 1H and 39.5 ppm for 13C 

spectra). The signals were assigned with the aid of 

1D and 2D 1H, 13C, DEPT, COSY, HMQC and 

HMBC spectra. The digital resolution of the 1D-

spectra was 0.12 Hz/Pt for 1H and 1.4 Hz/Pt for 13C.  
* To whom all correspondence should be sent: 

E-mail: popovski.emil@gmail.com 
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Fig. 1. Structures of well-known anticoagulants 

The HR-ESI mass spectra were recorded on a 

QTof premiere conjugated with HPLC system.  

The quantum chemical calculations were 

performed using the Gaussian 09 program package 

[27] running on MADARA grid. The geometries of 

possible conformational isomers of compound 7h 

were fully optimized using density functional theory 

(DFT). We employed B3LYP functional and 

standard 6-311+G** basis set. The stationary points 

found on the molecular potential energy 

hypersurfaces were characterized using standard 

analytical harmonic vibrational analyses.  

4-Amino-2H-chromen-2-one (5) is not 

commercially available and it was synthesized as 

described previously [28]. 

3,3'-Methylenebis(4-amino-2H-chromen-2-one) 

(7a, C19H14N2O4).  

To an aqueous (37%) formaldehyde solution (50 

cm3), well powdered 5 (1.012 g; 6.28 mmol) was 

added. The reaction mixture was stirred and heated 

up to 60 °C. After 2 h, the dense mixture was left to 

cool at room temperature. The crystals of the 

product 7a were collected by simple vacuum 

filtration. The typical yield of crude product was 

about 80%. For additional 10%, filtrate was cooled 

in ice bath. The purification was performed by 

dissolving the product in DMSO and precipitation 

with ethanol. Dirty white crystals, Mp: >300 °C 

(decomp.); FTIR(KBr)/cm-1: 3391(s), 3213(s), 

1669(s), 1645(vs), 1614(vs), 1600(vs), 1551(s), 748 

(s); 1H-NMR (250.13 MHz; DMSO-d6 ) δ:  8.04 (br 

d, 2H, 3J = 8.0 Hz, H-5), 7.83 (br s, 4H, NH2), 7.62 

(td, 2H, 3J = 8.0 Hz, 4J = 2.0 Hz, H-7), 7.35 (overl, 

4H, H-6, H-8), 3.65 (s, 2H, CH2); 13C-NMR (62.8 

MHz; DMSO-d6) δ: 164.8 (C2), 93.6 (C3), 153.5 

(C4), 114.4 (C4a), 123.1 (C5), 124.0 (C6), 132.2 

(C7), 116.9 (C8), 152.0 (C8a), 21.1 (CH2); ESI 

TOF-MS (positive ions) (m/z): calcd. for [M+H]+: 

335.1032; found: 335.1034. 

3,3'-Ethylidenebis(4-amino-2H-chromen-2-

one)(7b, C20H16N2O4).  

To ethanol (40 cm3), acetaldehyde (6b) (0.9 cm3; 

16.10 mmol), well powdered 5 (1.997 g; 12.39 

mmol) and 8 drops of “HCl” were added. Reaction 

mixture was refluxed for 2 h. After cooling, water 

was added (drop by drop) to precipitate the product. 

The typical yield of the crude product was about 

90%. The purification was performed by dissolving 

the product in ethanol and precipitation with water. 

Pale ocher crystals, Mp: 202 °C (decomp.); 

FTIR(KBr)/cm-1: 3370(s), 3221(s), 1648(vs), 

1610(vs), 1546(vs), 754(s); 1H-NMR (250.13 MHz; 

DMSO-d6 ) δ: 8.03 (br d, 2H, 3J = 8.0 Hz, H-5), 

7.79 (br s, 4H, NH2), 7.62 (td, 2H, 3J = 8.0 Hz, 4J= 

2.0 Hz, H-7), 7.35 (overl, 4H, H-6, H-8), 4.58 (q, 

1H,3J = 7.5 Hz, CH), 1.66 (d, 3H, 3J = 7.5 Hz, CH3); 

13C-NMR (62.8 MHz; DMSO-d6) δ: 164.2 (C2), 

97.1 (C3), 153.2 (C4), 114.7 (C4a), 123.1 (C5), 

124.0 (C6), 132.2 (C7), 116.8 (C8), 152.0 (C8a), 

27.8 (CH), 15.6 (CH3); ESI TOF-MS (m/z): calcd. 

for [M+Na]+: 371.1008; found: 371.1007. 

3,3'-Prophylidenebis(4-amino-2H-chromen-2-

one)(7c, C22H20N2O4).  

To ethanol (40 cm3), butyraldehyde (6c) (1.4 

cm3; 15.53 mmol), well powdered 5 (2.007 g; 12.45 

mmol) and 8 drops of “HCl” were added. Reaction 

mixture was refluxed for 1 h. After cooling, the 

crystals of the product were collected by simple 

vacuum filtration. The typical yield of the crude 

product was about 80%. The purification was 

performed by recrystallization from ethanol. 

Colorless crystals, Mp: 262-264 °C; FTIR(KBr)/cm-
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1: 3389(s), 3212(s), 1630(vs), 1609(vs), 1546(vs), 

1435(s), 756(s); 1H-NMR (250.13 MHz; DMSO-d6 ) 

δ: 8.02 (br d, 2H, 3J = 8.0 Hz, H-5), 7.80 (br s, 4H, 

NH2), 7.53 (td, 2H, 3J = 8.0 Hz, 4J= 2.0 Hz, H-7), 

7.25 (overl, 4H, H-6, H-8), 4.40 (br t, 1H, 3J = 7.5 

Hz, CH), 2.20 (m, 2H, CH2-a), 1.22 (m, 2H, CH2-b), 

0.85 (t, 3H, 3J = 7.5 Hz, CH3); 13C-NMR (62.8 

MHz; DMSO-d6) δ: 164.4 (C2), 96.1 (C3), 153.8 

(C4), 114.6 (C4a), 123.0 (C5), 123.8 (C6), 132.0 

(C7), 116.6 (C8), 151.9 (C8a), 33.3 (CH), 31.0 

(CH2a), 21.4(CH2b), 13.9 (CH3); ESI TOF-MS 

(m/z): calcd. for [M+H]+: 377.1501 found: 

377.1500. 

3,3'-Furfurylidenebis(4-amino-2H-chromen-2-

one)(7d, C23H16N2O5).  

To ethanol (40 cm3), furfural (6c) (1.2 cm3; 

14.49 mmol), well powdered 5 (1.857 g; 11.52 

mmol) and 8 drops of “HCl” were added. Reaction 

mixture was refluxed for 90 min. After cooling, the 

crystals of the product were collected by simple 

vacuum filtration. The typical yield of the crude 

product was about 80%. The purification was 

performed by dissolving the product in DMSO and 

precipitation with ethanol with several drops of 

water. Ocher crystals, Mp: 300-301 °C; 

FTIR(KBr)/cm-1: 3452(s), 3358(s), 3221(s), 

1645(vs), 1626(vs), 1608(vs), 1598(vs), 1548(vs), 

1533(s), 1438(s), 756(s); 1H-NMR (250.13 MHz; 

DMSO-d6 ) δ: 8.08 (br d, 2H, 3J = 7.5 Hz, H-5), 

7.81 (br s, 4H, NH2), 7.65 (td, 2H, 3J = 8.0 Hz, 4J= 

2.0 Hz, H-7), 7.50 (br s, 1H, H-4´), 7.40 (overl, 4H, 

H-6, H-8), 6.33 (dd, 1H, 3J = 3.0, 2.0 Hz, H-4´), 

6.02  (br s, 1H, H-3´), 5.77 (s, 1H, CH); 13C-NMR 

(62.8 MHz; DMSO-d6) δ: 163.6 (C2), 93.6 (C3), 

153.6 (C4), 114.4 (C4a), 123.2 (C5), 123.9 (C6), 

132.4 (C7), 116.8 (C8), 153.6 (C8a), 33.2 (CH), 

151.6 (C1-furanyl), 105.6 (C2-furanyl), 110.2 (C3-

furanyl), 141.6 (C4-furanyl); ESI TOF-MS (m/z): 

calcd. for [M+H]+: 401.1137; found: 401.1140. 

3,3'-Benzilidenebis(4-amino-2H-chromen-2-one) 

(7e, C25H18N2O4).  

Synthesis and purification as 7d. The typical 

yield was about 85%.  Colorless crystals, Mp: 328-

330 °C (decomp.); FTIR(KBr)/cm-1:  3375(s), 

3207(s), 1667(s), 1638(vs), 1622(vs), 1609(vs), 

1593(vs), 1543(vs), 1520(s), 1436(s), 752(s);  1H-

NMR(250.13  MHz; DMSO-d6 ) δ: 8.07 (d, 2H, 3J = 

7.5 Hz, H-5), 7.78 (br s, 4H, NH2), 7.65 (td, 2H, 3J = 

8.0 Hz, 4J = 2.0 Hz, H-7), 7.40 (overl, 4H, H-6, H-

8), 7.20 (overl. 2H, H-m), 7.10 (overl. 3H, H-o, H-p) 

5.92 (s, 1H, CH); 13C-NMR(62.8 MHz; DMSO-d6) 

δ:  164.0 (C2), 94.5 (C3), 154.1 (C4), 114.5 (C4a), 

123.2 (C5), 123.8 (C6), 132.2 (C7), 116.7 (C8), 

152.1 (C8a), 37.4 (CH), 138.0 (Ci), 126.5 (Co), 

128.0 (Cm), 125.4 (Cp). ESI TOF-MS (m/z): calcd. 

for [M+H]+: 411.1345; found: 411.1336. 

3,3'-(4-Chlorobenzilidene)bis(4-amino-2H-

chromen-2-one)(7f, C25H17ClN2O4). 

Synthesis and purification as 7d. The typical 

yield was about 90%.  Colorless crystals, Mp: 315-

317 °C; FTIR(KBr)/cm-1: 3403(s), 3216(s), 

1637(vs), 1627(vs), 1611(vs), 1545(s), 1437(s), 

758(s);  1H-NMR(250.13  MHz; DMSO-d6 ) δ: 8.08 

(br d, 2H, 3J = 7.5 Hz, H-5), 7.80 (br s, 4H, NH2), 

7.65 (td, 2H, 3J = 8.0 Hz, 4J = 2.0 Hz, H-7), 7.40 

(overl, 4H, H-6, H-8), 7.29 (d, 2H, 3J = 8.0 Hz, H-

m), 7.12 (d, 2H, 3J = 8.0, H-o) 5.89 (s, 1H, CH); 
13C-NMR(62.8 MHz; DMSO-d6) δ: 163.9 (C2), 94.1 

(C3), 154.2 (C4), 114.4 (C4a), 123.2 (C5), 123.9 

(C6), 132.4 (C7), 116.7 (C8), 152.1 (C8a), 37.0 

(CH), 137.2 (Ci), 128.5 (Co), 127.9 (Cm), 130.0 

(Cp). ESI TOF-MS (m/z): calcd. for [M+Na]+: 

467.0775; found: 467.0777. 

3,3'-(4-Nitrobenzilidene)bis(4-amino-2H-

chromen-2-one)(7g, C25H17N3O6). 

Synthesis and purification as 7d. The typical 

yield was about 80%.  Dirty white crystals, Mp: 

>235 °C decomp.; FTIR(KBr)/cm-1: 3441(s), 

3354(s), 3207(s), 1634(vs), 1609(vs), 1547(s), 

1528(vs), 1439(s), 1350(s), 758(s); 1H-NMR 

(250.13  MHz; DMSO-d6 ) δ: 8.12 (d, 2H, 3J = 7.5 

Hz, H-o), 8.11 (br d, 2H, 3J = 7.5 Hz, H-5), 7.84 (br 

s, 4H, NH2), 7.65 (td, 2H, 3J = 8.0 Hz, 4J= 2.0 Hz, 

H-7), 7.40 (overl, 4H, H-6, H-8), 7.40 (d, 1H, 3J = 

8.5, H-m) 6.04 (s, 1H, CH); 13C-NMR (62.8 MHz; 

CDCl3, DMSO-d6) δ: 164.0 (C2), 93.5 (C3), 154.4 

(C4), 114.4 (C4a), 123.3 (C5), 124.0 (C6), 132.5 

(C7), 116.7 (C8), 152.1 (C8a), 37.3 (CH), 141.3 

(Ci), 129.6 (Co), 116.7 (Cm), 148.0 (Cp); ESI TOF-

MS (m/z): calcd. for [M+Na]+: 478.1015; found: 

478.1022. 

3,3'-(4-Methoxybenzilidene)bis(4-amino-2H-

chromen-2-one) (7h, C26H20N2O5). 

Synthesis and purification as 7d. The typical 

yield was about 80%.  Colorless crystals, Mp: 278-

280 °C; FTIR(KBr)/cm-1: 3435(s), 3382(s), 3220(s), 

1644(vs), 1624(vs), 1607(vs), 1593(vs), 1546(vs),  

1509(s), 1434(s), 753(s); 1H-NMR(250.13 MHz; 

DMSO-d6 ) δ: 8.08 (br d, 2H, 3J= 7.5 Hz, H-5), 7.78 

(br s, 4H, NH2), 7.63 (td, 2H, 3J= 8.0 Hz, 4J= 1.2 

Hz, H-7), 7.56 (d, 2H, 3J= 8.0, H-o), 7.40 (overl, 4H, 

H-6, H-8), 6.81 (d, 2H, 3J= 8.0, H-m), 5.87 (s, 1H, 

CH), 3.71 (s, 3H, CH3); 1H-NMR(250 MHz; CDCl3) 

δ: 7.61 (br d, 2H, 3J= 8.0 Hz, H-5), 7.56 (td, 2H, 3J= 

8.0 Hz, 4J= 1.2 Hz, H-7),  7.30 (overl, 4H, H-6, H-

8), 7.13 (d, 2H, 3J= 8.0, H-o), 7.00 (br s, 4H, NH2), 

6.78 (d, 2H, 3J= 8.0, H-m), 6.13 (s, 1H, CH), 3.74 

(s, 3H, CH3); 13C-NMR(62.8 MHz; DMSO-d6) δ:  
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163.9 (C2), 94.7 (C3), 154.0 (C4), 114.5 (C4a), 

123.2 (C5), 123.5 (C6), 132.2 (C7), 116.7 (C8), 

152.1 (C8a), 36.7 (CH), 129.7 (Ci), 127.5 (Co), 

113.4 (Cm), 157.8 (Cp), 54.9 (OCH3); 13C-

NMR(62.8 MHz; CDCl3) δ: 165.3 (br, C2), 96.9 (br, 

C3), 153.9 (br, C4), 114.6 (C4a), 121.5 (C5), 123.9 

(C6), 132.0 (C7), 117.5 (C8), 152.7 (C8a), 37.2 

(CH), 129.7 (Ci), 127.8 (Co), 113.6 (Cm), 157.2 

(Cp), 55.2 (OCH3); ESI TOF-MS (m/z): calcd. for 

[M+Na]+: 463.1270; found: 463.1275. 

RESULTS AND DISSCUSSON 

Not many reactions in which 4-aminocoumarin 

(5) is involved have been studied so far, although 

some of its derivatives possess biological activity 

[29-31]. In our previous work we had shown that 

the C-N bond distance at 5 indicates a considerable 

degree of double bond character [28]. The 

conjugation of NH2 with coumarine moiety is most 

probably the reason for very low nucleophility of 

the nitrogen atom in molecule. Knowing this, we 

were almost sure that aldehydes in reaction of 5 

would not give nucleophilic addition product or 

Mannich reaction products. As we predicted, 

reactions of 5 with some aliphatic and aromatic 

aldehydes (6) led to corresponding 

dicoumarinamines (7) as products (Reaction 

Scheme 1).  
Compound 5 is not soluble in water at room 

temperature, but soluble in aqueous solution of 

formaldehyde (6а) from where (after several 

minutes) crystals of dicoumaroamine 7a were 

formed. Higher yield was obtained when reaction 

mixture was heated up to 60 oC. Reactions with 

other aldehydes 6 can be performed in aqueous 

mixture acidified with HCl, especially with alkyl 

aldehydes 6b and 6c. However, the best results 

were obtained when reactions were performed 

refluxing acidified mixture of 5 and 6 in ethanol as 

a solvent. 

It has been shown that the dicoumarol 

derivatives substituted at the bridge carbon exhibit 

a double hindered rotation around the bonds 

connecting this carbon. The restricted rotation is 

due to intramolecular hydrogen bonds [32-33]. The 

presence of hydrogen bonded structure for 

dicoumarols was confirmed with DFT, AIM [34] 

and X-ray studies [35]. The formation of these 

intramolecular hydrogen bonds may hold the 

structures in a suitable configuration for binding to 

an enzyme and hence may be an important factor 

for the biological activity. That is why we 

considered that is interesting to gain information on 

a similar process for diaminocoumarines. The most 

of the investigated compounds were insoluble in 

CDCl3. Their NMR spectra were measured in 

DMSO-d6. It is known that the intramolecular 

hydrogen bond is broken by the molecules of the 

solvent DMSO by competitive intermolecular 

bonding. From all investigated compounds only 7h 

was dissolvable in CDCl3 to obtain spectra in a 

solvent permitting formation of intermolecular 

hydrogen bonds. The comparison of the 1H spectra 

in DMSO-d6 and CDCl3 showed differences in the 

chemical shifts, mostly of H-5 (0.46 ppm), CH (-

0.26 ppm) and H-o (0.43 ppm), indicating different 

conformational behavior. The 1H spectrum didn't 

exhibit doubling or broadening of signals but the 

signals for C-2, C-3 and C-4 in the 13C spectrum 

were broad indicating a dynamic process. Due to 

the low concentration, variable temperature 

measurements were not possible. B3LYP/6-

311+G(d,p) calculations showed presence of only 

two stable rotamers C1 and C2 (Figure 2 ) with an 

energy difference ∆E = 9.8 kcal/mol. 
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Reaction Scheme 1. 
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C1 C2 

Fig. 2. Structures of the rotamers of 7h molecule optimized by B3LYP/6-311+G** calculations. 

 

The preferred rotamer (C1) is stabilized with an 

intramolecular hydrogen bond in analogy to the 

dicoumarols. The other is sterically favored. The 

hydrogen bonding NH2∙∙∙∙O= is less strong 

compared to the OH∙∙∙∙O= and the gain of steric 

energy could stabilize a rotamer without hydrogen 

bonding.  

As a conclusion, 4-aminocoumarine reacts with 

aldehydes leading to the corresponding 

dicoumarinamines as products. In this 

way, eight compounds have been prepared and 

characterized for the first time. The preferred 

rotamer of the compound 7h is stabilized with an 

intramolecular hydrogen bond in analogy to the 

dicoumarols. The novel dicoumarinamines might 

be potential bioisostere compounds of dicoumarols. 
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СИНТЕЗА И СТРУКТУРА НА НЯКОИ НОВИ ДИКУМАРИН-АМИНИ 

Б. Михова1, В. Яневска2, Б. Стамболийска1, Г. Дрегер3, Е. Поповски 2,* 
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2 Институт по химия, Факутет по естествени науки и математика, Университет „Св.св. Кирил и Методий“, 

Скопие, Македония 
3 Институт по органична химия, Университет „Лайбниц“ в Хановер, Хановер, Германия 

Постъпила на 23 януари, 2013 г.; коригирана 30 март, 2013 г. 

(Резюме) 

В настоящата работа се съобщава за синтезата и охарактеризирането на нови дикумарин-амини (7) като 

потенциално био-изостерни съединения на дикумаролите (4). 3,3'-метилен-бис(4-амино-2H-хромен-2-он) (7a) е 

получен с висок добив в реакцията на 4-аминокумарин (5)  с формалдехид във вода. Най-добри резултати на 

реакцията на 5 с алдехиди 6 (b-h) са постигнати когато реакцията се извършва в подкислен етанл като 

разтворител. Структурата и относителната стабилност на възможните ротамери са изследвани с DFT-метода на 

ниво B3LYP/6-31+G** с оглед тяхната биологична активност. 
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There are two coupling schemes for obtaining Russell Saunders atomic term symbols (terms) for the equivalent 

electrons, one is Russell-Saunders (L-S) coupling scheme and another is spin-orbit (j-j) coupling scheme. The Russell 

Saunders atomic term symbol provide the information about spectral and magnetic properties of an atom. For this work 

computation is done to calculate all the possible microstates and atomic terms for equivalent electrons of nf4 and nf10 

configurations and a comparative study is carried out between the Russell Saunders atomic terms of nf4 and nf10 

configurations. The possible microstates counted for these configurations are 1001 and the terms obtained from these 

states are 47, these terms are quintets (5), triplets (22) and singlet’s (20) and the predicted ground state term for both the 

configurations  is quintet I (5I). The ground states for nf4 and nf10 configuration are 5I4 and 5I8 respectively. 

Key-words: Term symbol, Russell-Saunders term, Microstate, Singlet, Triplet and Quintet. 

 

INTRODUCTION 

The Russell –Saunders (L-S) coupling scheme 

first proposed by Henry Russell and Frederick 

Saunders in 1923 [1] and originally used for 

electrons in partially filled shells of  elements with 

lower atomic number but for the elements with 

greater atomic number spin-orbit coupling becomes 

more significant because higher nuclear charge [2-

4]. However, for heavier transition elements and 

rare earth elements it is still convenient to use 

Russell-Saunders scheme [5]. The vector model for 

terms which was developed before the quantum 

mechanical treatment was successfully used to 

interpret the complex spectra of systems with 

valence electrons in different sub shells [6]. The 

current nomenclature for the various energy levels 

(2S+1L) is based on the Russell–Saunders coupling 

which leads to the three vectors S  L and J . L  is 

the vectorial sum of the orbital angular momentum 

vectors of the valence electrons, S  is the vectorial 

sum of the spin angular momentum vectors of the 

valence electrons and J  is the vectorial sum of 

L and S .  L and S coupled together to give a state 

of definite J [7] and the allowed values of J range 

from L+ S to |L-S|.  The each term split into (2J+1) 

terms differing in energy by an amount proportional 

to the applied field strength (Zeeman effect) and 

states are characterized by a quantum number MJ 

which have allowed values of J, J-1…, -J +1, -J [8].  

It follows that if L≥S the J can take 2S+1 values, 

but if L<S it can take 2L+1 values, when L=0 J can 

take only one value. The values of J may be either 

1+1/2 or 1-1/2 but 1-1/2 is of lower energy state 

since in 1-1/2 state the orbital and spin are opposed 

[9, 10]  By knowing the allowed values of L, S and 

J one can define the energy levels for the valence 

electrons [11]. 

A Russell-Saunders atomic term is applied for 

energy associated with the state of an atom 

involved in a transition and term symbols are 

abbreviated description of the energy levels in a 

multi electron atom. The degenerated state is 

broken up into two or more states due to electronic 

repulsion when the ion or atom is introduced into a 

lattice [12]. The equivalent electrons are those 

which have same values of l such as np2, nd4, nf2 or 

nf5 configuration. The formulation of hole can be 

used for the sub shell that is more than half full and 

the equivalent electrons for a pair of atoms with nln 

and nlx-n (x=6, 10 or14) configurations give rise 

identical Russell Saunders atomic term symbols 

[13]. Therefore, the equivalent electrons of nf4 and 

nf10 configurations give identical terms. The 

numbers of microstates for the incomplete sub shell 

increase with increase in the number of electrons in 

orbital of the sub shell but in the nonequivalent 

electronic system the number of microstates are 

© 2014 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria 
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much greater than the similar equivalent electronic 

system [14]. In the Russell Saunders coupling a 

term is specified by (2S+1) LJ [2, 3, 7, 10] where 2S + 

1 the multiplicity or spin multiplicity of a term. The 

number of states deriving from a given term is 

simply (2S+1) x (2L+l) and the stability order and 

ground state term can be predicted by applying 

Hund’s rule [5, 10-15]. 

The problem with equivalent d or f electrons or 

nonequivalent electrons is finding the microstates, 

which are 252 for nd5, 364 for nf3, 1001 for nf4, 

2002 for nf5 3003 for nf6 and 3442 for nf7 for 

equivalent electrons and for nonequivalent 

electrons 910 for f2 d1, 3640 for f3d1 and 10010 for 

f4d1. Methods have been introduced to help 

generate the states [16, 17] and used for cases up to 

nd5 for equivalent electrons. The Russell Saunders 

terms have been determined for equivalent 

electrons of nf3 and nf11 configuration [18, 19] and 

for nonequivalent electrons of f2d1 configuration 

using R-S coupling scheme [20]. 

METHODOLOGY 

Counting Total number of Microstates for nf4 and 

nf10 configurations 

The total number of microstates for any 

configuration can be counted using by following 

expression [21]. 

Number of ways of filling electrons N= 

)x!- ! 1)+(2(2l x!

    ! 1)+2(2l      
 or  

)x!- (n! x!

    !n       
  (1) 

n= 2(2l+1) or double of the total number of 

orbital’s, x= Total number of electrons in sub shell. 

So, for nf4 configuration n= 2(2l+1) =14 and x=4 

and for nf10 configuration n= 2(2l+1) =14 and x=10. 

 For nf4 configuration N = 
)4!- (14! 4!

    ! 14      
 and for 

nf10 configuration N = 
)4!- (14! 10!

    ! 14      
  

N=
123456789101234

1234567891011121314

xxxxxxxxxxxxx

xxxxxxxxxxxxx
 

Therefore, N = 1001 Microstates for nf4  

N=
123456789101234

1234567891011121314

xxxxxxxxxxxxx

xxxxxxxxxxxxx
 

Therefore, N = 1001 Microstates for nf10 

Counting the values for Total Orbital Angular 

Momentum Quantum Number (L), Total Spin 

Angular Momentum Quantum Number (S), ML,, MS 

and J 

Therefore, L values for nf4 and nf10 

configurations are 0,1,2,3,4,5,6,7,8,9 and 10 and the 

atomic terms codes for these L values are S, P, D, 

F, G, H, I, K, L, M and N. 

 The length of total orbital angular momentum 

vector L   is | |L = )1( LL ħ.    (3) 

Therefore, | |L  are 110 ħ, 90  ħ, 72  ħ, 56  ħ, 

42 ħ, 30  ħ, 20  ħ, 12  ħ, 6  ħ, 2  ħ and 0. 

S = (s1+s2), (s1+s2-1)…,| (s1-s2) |.  (4) 

Therefore, S  vectors are for nf4 and nf10 

configurations are 2, 1 or 0. 

Therefore, S  vector length is | |S = )1( SS ħ. (5) 

Therefore, for nf4 and nf10 configurations of 

S vectors are 6 ħ, 2 ħ and zero. 

The component of the total angular momentum 

along a given axis is ML=2L+1  (6)  

Here L=10 (maximum value of L for nf4 and 

nf10 configurations), Therefore, ML=2x10+1=21 

values that ranging from +10 to -10. 

The spin state for a given S value is 

 MS= (2S+1)              (7) 

 Here S=2(maximum value of S for nf4 and nf10 

configurations), Therefore, MS=2x2+1=5 values 

that ranging from +2 to -2. 

Therefore, J values for 3M term are 10, 9 and 8  

and other terms illustrated in table 5  Magnitude of 

vector sum of L and S or magnitude of J 

is )1( JJ  ħ                          (8) 

The vectorial sums for L and S for some terms 

are illustrated in figure 1. 

 
Figure 1: L-S coupling for J values for different terms 

and states  

The Fundamental Tables for Russell Saunders 

Coupling Scheme 

The fundamental table for equivalent electrons 

for nf4 configuration (table 1) and for nf10 (table 2) 

configuration for Russell Saunders coupling 

scheme representing possible spin states that 

allowed by the Pauli Principle with the microstates. 

These tables include total number of microstates 

with spin states. The fundamental table 3  
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Table 1: The fundamental table for equivalent 

electrons of nf4 configuration used in Russell Saunders 

coupling scheme representing possible spin states that 

allowed by the Pauli Principle with microstates. 

S.N. 
Possible spin states 

for nf4 electrons 

Total 

spin 

Total 

microstates 

1 ↑ ↑ ↑ ↑ +2 35 

2 ↑ ↑ ↑ ↓ +1 140 

3 ↑ ↑ ↓ ↓ 0 210 

4 ↑ ↓ ↓ ↓ -1 140 

5 ↓ ↓ ↓ ↓ -2 35 

6 ↑↓ ↑ ↑  +1 105 

7 ↑↓ ↑ ↓  0 210 

8 ↑↓ ↓ ↓  -1 105 

9 ↑↓ ↑↓   0 21 

Total number of microstates for nf4 configuration  -1001 

Table 2: The fundamental table for equivalent 

electrons of nf10 configuration used in Russell Saunders 

coupling scheme representing possible spin states that 

allowed by the Pauli Principle with  microstates. 

S.N. 
Possible spin states for nf10 

electrons 

Total 

spin 

Total 

microstates 

1 ↑↓ ↑↓ ↑↓ ↑ ↑ ↑ ↑ +2 35 

2 ↑↓ ↑↓ ↑↓ ↑ ↑ ↑ ↓ +1 140 

3 ↑↓ ↑↓ ↑↓ ↑ ↑ ↓ ↓ 0 210 

4 ↑↓ ↑↓ ↑↓ ↑ ↓ ↓ ↓ -1 140 

5 ↑↓ ↑↓ ↑↓ ↓ ↓ ↓ ↓ -2 35 

6 ↑↓ ↑↓ ↑↓ ↑↓ ↑ ↑  +1 105 

7 ↑↓ ↑↓ ↑↓ ↑↓ ↑ ↓  0 210 

8 ↑↓ ↑↓ ↑↓ ↑↓ ↓ ↓  -1 105 

9 ↑↓ ↑↓ ↑↓ ↑↓ ↑↓   0 21 

Total number of microstates for nf10 configuration  - 1001 

Table 3: The fundamental table representing total 

microstate numbers according to ML and MS valufor 

equivalent electrons of nf4 and nf10 configurations. 

MS→ +2 +1 0 -1 -2 Total 

10   1   1 
9  1 2 1  4 

8  2 5 2  9 
7  4 8 4  16 

6 1 7 14 7 1 30 
5 1 11 20 11 1 44 

4 2 15 28 15 2 62 

3 3 20 34 20 3 80 
2 4 23 41 23 4 95 

1 4 26 44 26 4 104 
↑ML     

0 

5 27 47 27 5 111 

-1 4 26 44 26 4 104 
-2 4 23 41 23 4 95 

-3 3 20 34 20 3 80 

-4 2 15 28 15 2 62 
-5 1 11 20 11 1 44 

-6 1 7 14 7 1 30 
-7  4 8 4  16 

-8  2 5 2  9 

-9  1 2 1  4 
-10   1   1 

Total 35 245 441 245 35 1001 

representing microstate numbers according to ML 

and MS values for equivalent electrons for nf4 and 

nf10 configurations and table 4 representing 

microstate array ML versus 2S+1 in a statistical way 

for both the configurations  

Resolving the Microstate Chart into Appropriate 

Atomic States and Drawing Sub Tables for Each 

Terms 

An atomic state forms an array of microstate 

consisting 2S+1 columns and 2L+1 rows. Thus, for 

a 3N state requires two columns or (21x3) array, 3M 

state requires (19x3) array and 5L state requires 

(15x5) array10. By removing each state from the 

microstate table a microstate sub table for each 

Russell Saunders term can be drawn. This treatment 

on microstates for both nf4 and nf10 configurations 

give 5I, 5G, 5F, 5D, 5S,3M, 3L, 3K(2), 3I(2), 3H(4), 3G 

(3), 3F(4), 3D(2), 3P(3), 1N, 1L(2), 1K, 1I(3), 1H(2), 
1G(4), 1F, 1D(4) and 1S (2) atomic terms. The 

microstates of electrons remain conserved in atomic 

terms, therefore, it is verified by obtaining the 

microstates from the atomic terms and it is given in 

table 5. 

Stability and splitting pattern of Russell- Saunders 

Atomic Terms 

The splitting pattern and stability order of 

Russell- Saunders atomic terms for equivalent or 

non-equivalent electrons for a particular 

configuration can be predicted by applying Hund’s 

rule. For the nf4 and nf10 configuration it is 

illustrated in (figure1) and this splitting pattern give 

different ground states for nf4 and nf10 

configurations, since one (nf4) has less than half fill 

orbital configuration and another (nf10) has more 

than half fill orbital configuration. 

RESULT AND DISCUSSION 

There are the three types of Russell Saunders 

atomic terms  obtained from the microstates for 

equivalent electrons of nf4 and nf10 configurations 

that are quintets (5), triplets (22) and singlet’s (20). 

These terms are 5I, 5G,5F, 5D, 5S, 3M, 3L, 3K(2-

Terms), 3I(2-Terms), 3H(4-Terms), 3G (3-Terms), 
3F(4-Terms), 3D(2-Terms), 3P(3-Terms), 1N, 1L(2-

Terms), 1K, 1I(3-Terms), 1H(2-Terms), 1G(4-

Terms), 1F, 1D(4-Terms) and1S (2-Terms). The 

ground state term for both the configurations 

obtained is Quintet I (5I). 

CONCLUSION 

It is concluded that the equivalent electrons of 

nf4 and nf10 configurations can be arranged in 1001 
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MS→ +2 +1 0 -1 -2 Total 

10   |   1 

9  | || |  4 

8  || ||||| ||  9 

7  |||| |||||||| ||||  16 

6  ||||||| |||||||||||||| |||||||  30 

5 | ||||||||||| |||||||||||||||||||| ||||||||||| | 44 

4 || ||||||||||||||| |||||||||||||||||||||||||||| ||||||||||||||| || 62 

3 ||| |||||||||||||||||||| |||||||||||||||||||||||||||||||||| |||||||||||||||||||| ||| 80 

2 |||| ||||||||||||||||||||||| ||||||||||||||||||||||||||||||||||||||||| ||||||||||||||||||||||| |||| 95 

1 |||| |||||||||||||||||||||||||| |||||||||||||||||||||||||||||||||||||||||||| |||||||||||||||||||||||||| |||| 104 

↑ML 0 ||||| ||||||||||||||||||||||||||| ||||||||||||||||||||||||||||||||||||||||||||||| ||||||||||||||||||||||||||| ||||| 111 

-1 |||| |||||||||||||||||||||||||| |||||||||||||||||||||||||||||||||||||||||||| |||||||||||||||||||||||||| |||| 104 

-2 ||| ||||||||||||||||||||||| ||||||||||||||||||||||||||||||||||||||||| ||||||||||||||||||||||| ||| 95 

-3 || |||||||||||||||||||| |||||||||||||||||||||||||||||||||| |||||||||||||||||||| || 80 

-4 | |||||||||||||| |||||||||||||||||||||||||||| |||||||||||||| | 62 

-5 | ||||||||||| |||||||||||||||||||| ||||||||||| | 44 

-6  ||||||| |||||||||||||| |||||||  30 

-7  |||| |||||||| ||||  16 

-8  || ||||| ||  9 

-9  | || |  4 

-10   |   1 

Total 35 245 441 245 35 1001 

Table 4: The fundamental table representing microstate array ML v/s 2S+1 in a statistical way for        

equivalent electrons of nf4 and nf10 configurations. 

S.N. 
Term 

symbol 

Total 

values of J 

Several Possible 

Terms 
Array 

Micro 

States 

1 1N J=1 1N10
 21x1 21 

2 3M J=3 3M10,
3M9,

3M8
 19x3 57 

 

3 

3L 
1L(2) 

J=3 

J=1 

3L9 ,
 3L8 ,

 3L7
 

1L8 

17x3 

(17x1)2 

51 

34 

4 
3K(2) 

1K 

J=3 

J=1 

3K8 , 
3K7 ,

3K6 
1K 7 

(15x3)2 

15x1 

90 

15 

5 

5I 
3I(2) 
1I(3) 

J=5 

J=3 

J=1 

5I8 ,
5I7,

5I6,
5I5,

5I4 
3I7 ,

3I6,
3I5 

1I6 

13x5 

(13x3)2 

(13x1) 

65 

78 

39 

6 
3H(4) 
1H(2) 

J=3 

J=1 

3H6,
3H5,

3H4 
1H5 

(11x3)4 

(11x1)2 

132 

22 

7 

5G 
3G(3) 
1G(4) 

J=5 

J=3 

J=1 

5G6 ,
5G5 ,

5G4 ,
5G3,

5G2 
3G5 , 3G4 ,

 3G3
 

1G4
 

9x5 

(9x3)3 

(9x1)4 

45 

81 

36 

8 

5F 
3F(4)     

1F 

J=5 

J=3 

J=1 

5F5 ,
 5F4 ,

5F3 ,
5F2 ,

5F1 
3F4 ,

3F3 ,
3F2 

1F3
 

7x5 

(7x3)4 

7x1 

35 

84 

7 

9 

5D 

3D(2) 
1D(4) 

J=5 

J=3 

J=1 

5D4 ,
5D3,

5D2,
5D1,

5D0 
3D3,

3D2,
3D1 

1D2 

5x5 

(5x3)2 

(5x1)4 

25 

30 

20 

10 3P(3) J=3 3P2 ,
3P1 ,

3P0 (3x3)3 27 

11 
5S 

1S(2) 

J=1 

J=1 

5S2                                                                               
1S0

 

1x5 

(1x1)2 

5            

2 

Total number of microstates for nf4 and  nf10 configuration-1001 

Table 5: Conservation of state or levels a cross verification of terms and microstates for equivalent the electrons of 

nf4 and nf10 configurations. 

energy states or levels that have different values of 

s (spin quantum numbers) and l (angular quantum 

numbers) and 47 Russell-Saunders atomic 

spectroscopic terms symbols (terms) obtained from 

these states by R-S coupling treatment.  Theoretical 

stability order of these Russell-Saunders atomic 

terms according to Hund’s rule is 
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Fig. 2: The stability order and splitting pattern of Russell- Saunders atomic terms for equivalent the        

electrons for nf4 and nf10 configurations. 
5I>5G>5F>5D>5S>3M>3L>3K(2)>3I(2)>3H(4)>3G(3)

>3F(4)>3D(2)>3P(3)>1N>1L(2)>1K>1I(3)>1H(2)>1G

(4)>1F>1D(4)>1S(2) and the stability order of 

ground state terms for nf4 configuration is 5I8 < 5I7 < 
5I6 <5I5 <5I4 and for nf10 is 5I8 > 5I7 >5I6 >5I5 >5I4. This 

study illustrates that equivalent electrons for nf4 and 

nf10 configurations give same type of atomic terms 

and same number microstates but the ground states 

for both configurations are different, since nf4 

configuration has less than half fill orbital 

configuration while nf10 configuration has more 

than half fill orbital configuration. Therefore, the 
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ground state for nf4 configuration is quintet I four 

(5I4) and for nf10 configuration is quintet I eight (5I8). 
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Supplementary Data 

The fundamental sub tables for each Russell Saunders atomic terms for equivalent electrons of nf4 and nf10 

configurations.

Ms 0 

10 | 

9 | 

8 | 

7 | 

6 | 

5 | 

4 | 

3 | 

2 | 

1 | 

ML0 | 

-1 | 

-2 | 

-3 | 

-4 | 

-5 | 

-6 | 

-7 | 

-8 | 

-9 | 

-10 | 

 21 

L=10, S=0, 2S+1=1, Microstates=21, Term=1N 

 

 

 

MS +1 0 -1 

9 | | | 

8 | | | 

7 | | | 

6 | | | 

5 | | | 

4 | | | 

3 | | | 

2 | | | 

1 | | | 

ML0 | | | 

-1 | | | 

-2 | | | 

-3 | | | 

-4 | | | 

-5 | | | 

-6 | | | 

-7 | | | 

-8 | | | 

-9 | | | 

 19 19 19 

L=9, S=1, 2S+1=3, Microstates=57, Term=3M 
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MS +1 0 -1 

8 | | | 

7 | | | 

6 | | | 

5 | | | 

4 | | | 

3 | | | 

2 | | | 

1 | | | 

ML0 | | | 

-1 | | | 

-2 | | | 

-3 | | | 

-4 | | | 

-5 | | | 

-6 | | | 

-7 | | | 

-8 | | | 

 17 17 17 

L=8, S=1, 2S+1=3, Microstates=51, Term=3L 

Ms 0 

8 || 

7 || 

6 || 

5 || 

4 || 

3 || 

2 || 

1 || 

ML0 || 

-1 || 

-2 || 

-3 || 

-4 || 

-5 || 

-6 || 

-7 || 

-8 || 

 34 

L=8 S=0, 2S+1=1, Microstates=34, Term=1L (2-Terms) 

MS +1 0 -1 

7 || || || 

6 || || || 

5 || || || 

4 || || || 

3 || || || 

2 || || || 

1 || || || 

ML  0 || || || 

-1 || || || 

-2 || || || 

-3 || || || 

-4 || || || 

-5 || || || 

-6 || || || 

-7 || || || 

 30 30 30 

L=7, S=1, 2S+1=3, Microstates=90 , Term=3K (2-Terms 

MS 0 

7 | 

6 | 

5 | 

4 | 

3 | 

2 | 

1 | 

ML  0 | 

-1 | 

-2 | 

-3 | 

-4 | 

-5 | 

-6 | 

-7 | 

 15 

L =7, S=0, 2S+1=1, Microstates=15, Term=1K 

MS +2 +1 +0 -1 -2 

6 | | | | | 

5 | | | | | 

4 | | | | | 

3 | | | | | 

2 | | | | | 

1 | | | | | 

ML0 | | | | | 

-1 | | | | | 

-2 | | | | | 

-3 | | | | | 

-4 | | | | | 

-5 | | | | | 

-6 | | | | | 

 13 13 13 13 13 

L=6, S=2, 2S+1=5, Microstates=65, Term=5I 

MS +1 +0 -1 

6 || || || 

5 || || || 

4 || || || 

3 || || || 

2 || || || 

1 || || || 

ML0 || || || 

-1 || || || 

-2 || || || 

-3 || || || 

-4 || || || 

-5 || || || 

-6 || || || 

 26 26 26 

L=6, S=1, 2S+1=3, Microstates=78, Term=3I (2-Terms) 
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MS +0 

6 ||| 

5 ||| 

4 ||| 

3 ||| 

2 ||| 

1 ||| 

ML0 ||| 

-1 ||| 

-2 ||| 

-3 ||| 

-4 ||| 

-5 ||| 

-6 ||| 

 39 

L=6, S=0, 2S+1=1, Microstates=39, Term=1I (3-Terms) 

MS +1 0 -1 

5 |||| |||| |||| 

4 |||| |||| |||| 

3 |||| |||| |||| 

2 |||| |||| |||| 

1 |||| |||| |||| 

ML 0 |||| |||| |||| 

-1 |||| |||| |||| 

-2 |||| |||| |||| 

-3 |||| |||| |||| 

-4 |||| |||| |||| 

-5 |||| |||| |||| 

 44 44 44 

L=5, S=1, 2S+1=3, Microstates=132, Term=3H (4-

Terms) 

MS 0 

5 || 

4 || 

3 || 

2 || 

1 || 

ML 0 || 

-1 || 

-2 || 

-3 || 

-4 || 

-5 || 

 22 

L=5, S=0, 2S+1=1, Microstates=22, Term=1H (2-Terms) 

MS +2 +1 0 -1 -2 

4 | | | | | 

3 | | | | | 

2 | | | | | 

1 | | | | | 

ML0 | | | | | 

-1 | | | | | 

-2 | | | | | 

-3 | | | | | 

-4 | | | | | 

 9 9 9 9 9 

L=4, S=2, 2S+1=5, Microstates=45, Term=5G 

 

MS +1 0 -1 

4 ||| ||| ||| 

3 ||| ||| ||| 

2 ||| ||| ||| 

1 ||| ||| ||| 

ML0 ||| ||| ||| 

-1 ||| ||| ||| 

-2 ||| ||| ||| 

-3 ||| ||| ||| 

-4 ||| ||| ||| 

 27 27 27 

L=4, S=1, 2S+1=3, Microstates=81, Term=3G (3-Terms) 

MS +1 

4 |||| 

3 |||| 

2 |||| 

1 |||| 

ML0 |||| 

-1 |||| 

-2 |||| 

-3 |||| 

-4 |||| 

 36 

L=4, S=0, 2S+1=1, Microstates=36, Term=1G (4-Terms) 

MS +2 +1 0 -1 -2 

3 | | | | | 

2 | | | | | 

1 | | | | | 

ML0 | | | | | 

-1 | | | | | 

-2 | | | | | 

-3 | | | | | 

 7 7 7 7 7 

L=3, S=2, 2S+1=5, Microstates=35, Term=5F 

MS +1 0 -1 

3 |||| |||| |||| 

2 |||| |||| |||| 

1 |||| |||| |||| 

ML0 |||| |||| |||| 

-1 |||| |||| |||| 

-2 |||| |||| |||| 

-3 |||| |||| |||| 

 28 28 28 

L=3, S=1, 2S+1=3, Microstates=84, Term= 3F (4-Terms) 

MS 0 

3 | 

2 | 

1 | 

ML0 | 

-1 | 

-2 | 

-3 | 

 7 

L=3, S=0, 2S+1=1, Microstates=7, Term=1F 
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MS +2 +1 0 -1 -2 

2 | | | | | 

1 | | | | | 

ML 0 | | | | | 

-1 | | | | | 

-2 | | | | | 

 5 5 5 5 5 

L=2, S=2, 2S+1=5, Microstates=25, Term=5D 

MS +1 0 -1 

2 || || || 

1 || || || 

ML 0 || || || 

-1 || || || 

-2 || || || 

 10 10 10 

L=2, S=1, 2S+1=3, Microstates=30, Term=3D (2-Terms) 

MS 0 

ML 0 || 

 2 

L=0, S=0, 2S+1=1, Microstates=2, Term=1S (2-Terms) 

MS 0 

2 |||| 

1 |||| 

ML 0 |||| 

-1 |||| 

-2 |||| 

 20 

L=2, S=0, 2S+1=1, Microstates=20, Term=1D (4-Terms) 

MS +1 0 -1 

1 ||| ||| ||| 

ML0 ||| ||| ||| 

-1 ||| ||| ||| 

 9 9 9 

L=1, S=1, 2S+1=3, Microstates=27, Term=3P (3-Terms) 

MS +2 +1 0 -1 -2 

ML 0 | | | | | 

 1 1 1 1 1 

L=0, S=2, 2S+1=5, Microstates=5, Term=5S 

 

СРАВНИТЕЛНИ ИЗСЛЕДВАНИЯ НА АТОМНИТЕ ТЕРМОВИ СИМВОЛИ (ТЕРМОВЕ) 

НА RUSSELL-SAUNDERS ЗА ЕЛЕКТРОНИ ОТ nf4  И nf10 -КОНФИГУРАЦИИ 

П.Л. Меена1*, Н. Кумар1, А.С. Меена1, К.С. Меена2 

1Департамент по химия, Университет M.L.S., Удайпур, Раджастан, Индия  
2Департамент по химия, Правителствен колеж M.L.V., Бхилвара, Раджастан, Индия 

 

Постъпила на 29 октомври, 2012 г.; коригирана на 9 април, 2013 г. 

 

(Резюме) 

Съществуват две спрегнати схеми за определянето на атомните термови символи (термове) на Russell-

Saunders за еквивалентните електрони – схемата Russell-Saunders (L-S) и спин-орбиталната (j-j) схема. 

Атомните термови символи по Russell-Saunders дават информация за спектралните и магнитните свойства на 

атомите. В тази работа за извършени изчисления на всички възможни микро-състояния и атомни термове за 

електронните конфигурации  nf4 и nf10, както и между атомните термове на Russell-Saunders на nf4 и nf10 

конфигурации. Възможните микро-състояния за тези конфигурации са 1001, а получените термове за тези 

състояния са 47, като тези термове са квинтети (5), триплети (22) и синглети (20). Термът на предсказаното 

основно състояние за двете конфигурации е квинтет I (5I). Основните състояния на nf4 и nf10 конфигурациите са 

съответно 5I4  и 5I8. 
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Metal recovery of solid metallurgical wastes. Galvanostatic electroextraction of 

copper from sulphate electrolytes containing Zn2+ and Fe2+ ions 

G.A. Hodjaoglu, I.S. Ivanov 
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Bulgaria. 
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The electroextraction of copper from acidic (130 g/L H2SO4) sulphate electrolytes in the presence of zinc or 

ferrous ions was studied by means of galvanostatic methods. The coatings, deposited from electrolytes containing 1 g/L 

Cu2+ and 50 g/L Zn2+, are composed predominantly of Zn (80-90%). The coatings are black and powdery. Pure Cu 

coatings are produced at 1 A/dm2 in electrolytes containing 10 g/L Cu2+ and 50 g/L Zn2+. The deposits are light red, 

smooth and semi-bright. Current efficiency of Cu deposition at 2 А/dm2 from electrolytes containing 10 g/L Cu2+ 

abruptly declines with the increase in Fe2+ concentration. It is higher than 90% and is practically independent of Fe2+ 

concentration during deposition from electrolytes containing 50 g/L Cu2+. The coatings obtained from electrolytes 

containing 10 g/L Cu2+ in the presence of Fe2+ ions are dark red, rough and math and those obtained from electrolytes 

containing 50 g/L Cu2+ are light red, smooth and bright. The results of the microprobe analysis indicate that in both 

cases the coatings are of pure copper.  

Keywords: copper; zinc; iron; electrodeposition; electroextraction 

 INTRODUCTION 

After a number of pyro- or hydrometallurgical 

ore treatments, large amounts of wastes with high 

metal content remain (Table 1). 

There are numerous papers dedicated to the 

recovery of metals by electrolysis from scrap metal 

pickling wastewater [10], gold plant waste streams 

[11], spent copper-cyanide electroplating 

electrolytes [12], and stripping solutions in the 

manufacture of printed circuit boards [13]. Copper 

electrodeposition onto porous, fluidized and 

spouted bed electrodes and the treatment of copper-

containing waste streams is studied by J. W. Evans 

et al. [14]. A study of Fe removal from Cu leachate 

by limestone precipitation followed by direct 

electrowinning of Cu has been conducted by B. 

Zhang [15]. The recovery of Cu from printed circuit 

board scraps, containing (in wt. %): Cu (24.3-30.2), 

Fe (0.08-0.18) and Sn (2.5 - 4.9) by mechanical 

processing and electrometallurgy is demonstrated 

by H. M. Veit et al. [16]. The recovery of Cu and 

Sn from waste stripping solutions containing 2–40 

g/L Cu and 150 g/L SnO2 is studied by S. Roy and 

R. Buckle [17]. M. Aghazadeh et al. [18] developed 

the fundamentals of a method for the direct 

recovery of Cu from brass (Cu–30 wt.% Zn) scrap 

based on simultaneous electrolytic dissolution of 

the scrap at the anode and electrodeposition of Cu 

at the cathode in an acidified sulfate electrolyte. L. 

Petkov and B. Spasov [19] found out that 

electrolytic Cu extraction from dilute H2SO4 

so1utions on a pulsating cathode permits complete 

Cu extraction from these solutions. L. Petkov and I. 

Dardanova [20] established that electrolysis from 

dilute H2SO4 solutions by a fluidized bed cathode 

reduces the Cu content from 1 g/L to 0.2-0 5 mg/L.  

These methods, however, are inapplicable to the 

extraction of metals from solid wastes like 

powders, cakes, dusts, drosses, scraps, etc., where 

the content of non-ferrous metals is much higher. 

Though these hard waste products contain Cu and 

Zn in commensurate amounts, there are no data 

available in the literature reporting of attempts to 

electroextract them separately. 

In the literature we have met only one paper 

concerning the influence of little amounts of Zn2+ 

on Cu electrodeposition. Muresan et al. [1] have 

observed that during electrowinning of Cu from 

wastes the deposits morphology slightly differs in 

the presence of Zn2+. This suggests that Zn2+ ions 

are electrosorbed at the interface and slightly 

modify the effective surface of the copper deposits. 

The changes occur at small Zn2+ additions and there 

are no significant differences between the deposits 

obtained with Zn2+ concentrations of 0.05 and 0.5 

g/L.  
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Table 1.  

Waste Metal content, wt.% 

“Blue powder” that results from condensing 

furnace gases during the thermometallurgical 

processing of non-ferrous ores. 

Zn (25-41), Pb (20-25), Fe (3-5), 

Cu (0.5-1) [1, 2]. 

Cakes obtained during purification of the 

electrolytes for zinc electrowinning: 
 

1. Copper cake Cu (36-54), Zn (5-10) [3]. 

2. Copper-cadmium cake Cu (10), Zn (30), Cd (12) [3]. 

3. Collective cake Cu (5.8), Zn (35.9), Cd (7.2) [3]. 

4. Cobalt-nickel cake Cu (25), Zn (20), Cd (3) [3]. 

5. Lead-zinc cake Zn (17-22), Pb (4.5-7), Cu (1.8-4.5), Fe 

(23-27) [3]. 

Flue dusts at a secondary copper smelter treated 

in the electrowinning zinc plant. 

Zn (40-65), Cu (1-6), (Pb 6-20),                  

Fe (0.1-1.5) [4]. 

Flue zinc dust in smelting processes. Zn (19.4), Fe (24.6), Cu (0.42) [5]. 

Mixture of zinc scrap and zinc dross resulting 

from the zinc cathode industry. 

Zn (51.01), Cu (2.7), Fe (1.6), Pb (4.28) 

[6]. 

Cake from a Waelz kiln processing zinc-lead 

carbonate ores. 

Zn (11.3), Fe (8.3), Pb (24.6) [7]. 

Beta cake at the cadmium plant in the cobalt 

removing stage. 

Zn (8.0-9.5), Co (0.5-1.4), Fe (2.3 –

5.6), Cu (1.1) [8]. 

Cementates obtained during the treatment of the 

Zn sulphate leach liquor with As2O3 and Zn 

powder. 

Cu (28.6), Zn (22.4) [9]. 

 

We found only three papers that discuss the 

influence of ferric and ferrous ions on the 

electroextraction of Cu from electrolytes with low 

metal concentration. Dew and Phillips [21] studied 

their effect on the cathodic and anodic reactions for 

dilute (5 g/L) acid CuSO4 electrolytes with varying 

concentrations and mixtures of reacting species. 

The cathodic reduction of Fe3+ to Fe2+ leads to a 

significant decrease in current efficiency of 

deposition at high Fe3+ concentrations. Re-oxidation 

of Fe2+ to Fe3+ at the anode will compound the 

effect of Fe3+ concentration on the current 

efficiency. The same authors [22] also investigated 

the effect of Fe2+ and Fe3+ on the efficiency of Cu 

electrowinning from solutions containing less than 

2 g dm-3 Cu2+, with an equivalent or higher 

concentration of iron as Fe2+ and Fe3+. Experiments 

showed that the current efficiency decreased in 

proportion to the increase in Fe3+ concentration. The 

work has shown that the Chemelec cell can achieve 

reasonable efficiencies for direct electrowinning 

from dilute leach liquors. Das and Gopala Krishna 

[23] studied the influence of Fe3+ concentration 

(varied from 0.5 to 6.0 g/L) on current efficiency, 

power consumption and cathode quality during Cu 

electrowinning in an open channel cell. A decrease 

in current efficiency started with increasing Fe3+ 

concentration at each of the flow rates studied. 

When Fe2+ was added to  a Cu2+ - Fe3+ electrolyte, 

the harmful effect of Fe3+ on the current efficiency 

was reduced. More than 90% current efficiency 

may be achieved if the Fe3+/ Fe2+ ratio is  

maintained ≤ 1. A marginal increase in the current 

efficiency was observed at an increase in Cu2+ 

concentration. This may be due to the fact that upon 

increasing Cu2+ concentration in the bath, the 

solution viscosity increases, which impedes the 

distribution of Fe3+ over the cathode surface. A 

decrease in current efficiency was observed when 

Fe3+ concentration was increased from 1.0 to 2.0 

g/L at each H2SO4 concentration.  

The literature review shows that the problem 

concerning the recovery of metals by electrolysis 

from hard wastes is neglected.  

The aim of this paper is to study the influence of 

electrolyte composition and electrolysis conditions 

on the process of metal recovery from acidic 

sulphate electrolytes containing Cu2+, Zn2+ and Fe2+ 

ions in ratios close to the proportion of these metals 

in the solid metallurgical wastes.  

 EXPERIMENTAL 

Galvanostatic deposition was carried out in a 0.5 

dm3 bath on rolled copper cathodes (5.0 cm2) at 

current densities of 0.5, 1, 2 or 5 A/dm2 using two 

Pb-Ag (1%) anodes. Cu cathodes were degreased in 

an ultrasonic bath and etched in dilute (1:1) 

solution of HNO3. The potentials of deposition 

were measured using mercury/mercurous sulphate 

electrode in 0.5M H2SO4 (SSE), its potential vs. 

NHE being +0.720 V. 
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Table 2. Cathodic potentials, Cu and Zn content (in wt.%), phase composition and surface appearance of  coatings 

obtained after 30 min deposition on copper cathodes. 

Electrolyte 

composition, 

g/L 

i, 

A/dm2 

E, V 

Cu cath. 

Deposit 

composition, % 

 

Coating 

appearance 
Cu Zn 

Cu2+-1 

Zn2+-50 

H2SO4-130 

1 -1.425 16.2 83.8 
black 

powdery 

5 -1.665 12.0 88.0 
black 

powdery 

Cu2+-10 

Zn2+-50 

H2SO4-130 

1 -0.460 100.0 0.0 

orange 

smooth 

semi-bright 

5 -0.655 95.1 4.9 

dark red 

spongy 

brittle 

The applied current densities in this study are 

adequate to the conditions for industrial metals 

plating. Usually plant Cu electroextraction or 

electrorefining is carried out at current densities of 

1 - 3 A/dm2, whereas the current density (5 A/dm2) 

is a plant condition for Zn electroextraction. Cu2+, 

Zn2+ and Fe2+ concentrations were selected taking 

into account the ratio between these metals in waste 

products generated from nonferrous metallurgical 

industry.  

Cu2+ ions (as CuSO4.5H2O) were added to 

electrolytes containing 220 g/L ZnSO4.7H2O (50 

g/L Zn2+) and 130 g/L H2SO4. Fe2+ ions (as 

FeSO4.7H2O) were added to electrolytes containing 

10 or 50 g/L Cu2+ and 130 g/L H2SO4. Both Cu2+ 

and Fe2+ ions were added to electrolytes containing 

220 g/L ZnSO4.7H2O (50 g/L Zn2+) and 130 g/L 

H2SO4. 

Metal deposition was carried out at a practically 

constant concentration of Cu2+, Zn2+ or Fe2+ ions. 

The Cu2+ concentration decreases only by 0.05 – 

0.4% after 30 minutes and by 0.5 - 4% after 5 hours 

of deposition. 

X-ray powder diffraction patterns for phase 

identification (characterization) of the deposits 

were recorded in the angle interval 20 - 110 (2θ) on 

a Philips PW 1050 diffractometer equipped with Cu 

Kα tube and scintillation detector. The surface 

morphology of the deposits was examined and 

EDX Analysis was performed by scanning electron 

microscopy (SEM) using a JEOL JSM 6390 

microscope.  

Electroextraction of Cu in the presence of Zn2+ 

ions. 

The data in Table 2 show that an increase in 

Cu2+ concentration in the electrolyte results in a 

decrease in the Zn content in the deposits. On the 

contrary, an increase in the current density yields an 

increase in the content of Zn in the coatings. In 

electrolytes with low concentration of Cu2+ (1 g/L), 

the cathodic potentials are highly negative at both 

current densities, which facilitates the deposition of 

Zn. Besides, at the low Cu2+ concentration level, 

deposition of Cu occurs at a limiting diffusion 

current density (about 2 mA/cm2), which probably 

further decreases on longer deposition. This finding 

could explain the low content of Cu in the obtained 

coatings. There are no such diffusion limitations for 

the Zn2+ ions and hence this metal is deposited at 

the current density typical of electrochemical 

kinetics. At the higher Cu2+ concentration (10 g/L) 

the process of Cu deposition is not impeded by 

diffusion limitations and becomes predominating, 

as Cu is a more electropositive metal. At 1 A/dm2, 

when the cathodic potential is between -0.460 and -

0.485 V, a pure Cu coating is deposited, whereas at 

5 A/dm2, when the potential is more negative, the 

obtained coatings contain 4.9% Zn phase as well. 

Figures 1a and b show SEM pictures of coatings 

obtained after 30 min deposition at 1 (1a) or  5 

(1b) A/dm2  in electrolytes containing 1 g/L Cu2+, 

50 g/L Zn2+ and 130 g/L H2SO4. In both cases the 

deposits are composed predominantly of Zn 

(between 80 and 90%). The coatings are black in 

color and powdery. Figures 2a and 2b show SEM 

pictures of coatings obtained after 30 min 

deposition from electrolytes containing 10 g/L 

Cu2+, 50 g/L Zn2+ and 130 g/L H2SO4. The coatings 

obtained at 1 A/dm2 (2a) are light red in color with 

smooth and semi-bright surface. They are 

composed of pure Cu. The coatings deposited at 5 

A/dm2 (2b), however, are dark red, spongy and 

brittle. The coatings composition is 95.1% Cu and 

only 4.9% Zn. 

Figures 3a and b show the SEM micrographs of 

pure copper coatings obtained after 30 min  
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(a) 

 
(b) 

Fig. 1a. SEM micrographs of coatings obtained after 30 min deposition in an electrolyte, containing (g/L): Cu2+ - 1, 

Zn2+ - 50 and H2SO4 – 130 at 1 A/dm2. 

Fig.  1b. SEM micrographs of coatings obtained after 30 min deposition in an electrolyte, containing (g/L): Cu2+ - 1, 

Zn2+ - 50 and H2SO4 – 130 at 5 A/dm2. 

 
(a) 

 
(b) 

Figure 2a. SEM micrographs of coatings obtained after 30 min deposition in an electrolyte, containing (g/L): Cu2+ - 10, 

Zn2+ - 50 and H2SO4 – 130 at 1 A/dm2. 

Figure 2b. SEM micrographs of coatings obtained after 30 min deposition in an electrolyte, containing (g/L): Cu2+ - 10, 

Zn2+ - 50 and H2SO4 – 130 at 5 A A/dm2. 

 
(a) 

 
(b) 

Figure 3a. SEM micrographs of coatings obtained after 5 h deposition in an electrolyte, containing (g/L): Cu2+ - 10, 

Zn2+ - 50 and H2SO4 – 130 at 1 A/dm2. 

Figure 3b. SEM micrographs of coatings obtained after 5 h deposition in an electrolyte, containing (g/L): Cu2+ - 20, 

Zn2+ - 50 and H2SO4 – 130 at 1 A/dm2. 
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deposition at current density 1 A/dm2 and potentials 

between -0.430 and -0.530 V vs SSE in electrolytes 

containing (g/L) Cu2+ - 10 or 20 and  H2SO4 – 130. 

The coating obtained in the electrolyte containing 

10 g/L Cu2+ is dark red, rough and brittle (Figure 

3a). The coating obtained in the electrolyte, 

containing 20 g/L Cu2+ is light red, smooth and 

semi-bright (Figure 3b). Light red, smooth and 

semi-bright coatings of pure Cu deposit are 

obtained at current density 0.5 A/dm2 in electrolytes 

containing 10 or 20 g/L Cu2+. The current yield of 

Cu deposition is 97 – 99% in all cases. 

Electroextraction of Cu in the presence of Fe2+ 

ions. 

Figure 4 shows the dependence of current 

efficiency of Cu deposition (CECu) on Fe2+ 

concentration. It is seen that CECu sharply decreases 

with the increase in Fe2+ concentration during 

deposition in electrolytes containing 10 g/L Cu2+ 

and 130 g/L H2SO4 at a current density of 2 A/dm2 

(curve 1) and in electrolytes containing 50 g/L Cu2+ 

and 130 g/L H2SO4 at a current density of 1 A/dm2 

(curve 2). It is higher than 90% and is practically 

independent on Fe2+ concentration during 

deposition in electrolytes containing 50 g/L Cu2+ 

and 130 g/L H2SO4 at a current density of 2 A/dm2 

(curve 3). The very weak influence of Fe2+ on the 

electroextraction of Cu from electrolytes containing 

50 g/L Cu2+ can be explained by the impeded 

access to the cathode of the Fe3+ ions formed on the 

anodes [23]. The reduction of ferric ions to ferrous 

ions on the cathode and the increased H2 evolution 

may lead to a decrease in Cu current efficiency. 

This is, probably, the reason for the significantly 

lower current efficiency when the concentrations of 

Cu2+ and Fe2+ are equal (10 g/L).  
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 Figure 4. Dependence of the current efficiency of 5 

hours galvanostatic deposition of copper as a function of 

Fe2+ concentration. Electrolytes: 1) 10 g/L Cu2+ and 130 

g/L H2SO4, current density 2A/dm2; 2) 50 g/L Cu2+ and 

130 g/L H2SO4, current density 1 A/dm2; 3) 50 g/L Cu2+ 

and 130 g/L H2SO4, current density 2 A/dm2.  

Figures 5a and b present SEM micrographs of 

copper coatings deposited for 5 h at 2 A/dm2 in 

electrolytes containing 10 g/L Cu2+, 10 g/L Fe2+ and 

130 g/L H2SO4 (Figure 5a) and 50 g/L Cu2+, 10 g/L 

Fe2+ and 130 g/L H2SO4 (Figure 5b). It is observed 

that coatings obtained from electrolytes containing 

10 g/L Cu2+ in the presence of Fe2+ ions are dark 

red, rough and mat, probably, as a result of 

increased hydrogen evolution. The coatings 

obtained from electrolytes containing 50 g/L Cu2+ 

are light red, smooth and bright. The results of the 

microprobe analysis indicate that all coatings are of 

pure copper.  

 
(a) 

 
(b) 

Figure 5a. SEM micrograph of Cu coating obtained in an electrolyte containing 10 g dm-3 Cu2+, 10 g dm-3 Fe2+ and 130 

g dm-3 H2SO4. Current density 2A A/dm2. Potential -0.615 V. Deposition time 5 h. 

Figure 5b. SEM micrograph of Cu coating, obtained in an electrolyte, containing Cu2+ - 50 g dm-3 , Fe2 - 10 g dm-3 and 

H2SO4 - 130 g dm-3. Current density 2A/dm2. Deposition time 5 h. 
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Electroextraction of Cu in the simultaneous 

presence of Zn2+ and Fe2+ ions. 

 
Figure 6. SEM micrograph of Cu coating, obtained in 

electrolytes, containing (g/L):     Cu2+ - 50, Zn2+ - 50, 

Fe2+ - 10 and H2SO4 - 130. Current density 2 A/dm2. 

Deposition time 5 h.  

Figure 6 show deposit composition, surface 

appearance and SEM images of  a copper coating 

deposited for 5 h at 2 A/dm2 current density in an 

electrolyte containing 50 g/L Cu2+, 50 g/L Zn2+, 10 

g/L Fe2+ and 130 g/L H2SO4. It is seen that the 

simultaneous presence of Zn2+ and Fe2+ ions leads 

to obtaining of a fine-grained coating similar to the 

coating obtained in the electrolyte containing only 

50 g/L Cu2+ and 10 g/L Fe2+ (Figure 5b). The 

coating is light red in color, smooth and semi-

bright. The microprobe analysis evidences that the 

coating is of pure copper. 

CONCLUSION 

Depending on the ratio between Cu2+ and Zn2+ 

ions in the electrolyte, conditions can be created 

favoring deposition of pure Cu and Zn phases, as 

well as an alloyed Cu-Zn phase with a different 

composition.  

The coatings produced by means of 

galvanostatic deposition from electrolytes 

containing 1 g/L Cu2+, 50 g/L Zn2+ and 130 g/L 

H2SO4 are composed predominantly of Zn (80-

90%). The coatings are black, smooth and powdery.     

Pure Cu coating is produced by deposition at 1 

A/dm2 in an electrolyte containing 10 g/L Cu2+, 50 

g/L Zn2+ and 130 g/L H2SO4. Alloyed Cu-Zn 

coatings are produced at 5 A/dm2 with Zn content 

of 4.9%. The coating deposited at 1 A/dm2 is 

orange in color, smooth and semi-bright, while the 

coating obtained at 5 A/dm2 is dark red, spongy and 

brittle.  

To produce fine-grain, dense and smooth 

coatings of pure Cu in the presence of Zn2+ ions, the 

concentration of Cu2+ ions in the electrolyte should 

be higher than 10 g/L and the current density 

should not exceed 1 A/dm2.  

On galvanostatic Cu deposition at 2 A/dm2 from 

electrolytes containing 10 g/L Cu2+ and 130 g/L 

H2SO4, the current efficiency abruptly declines with 

the increase in Fe2+ concentration from 1 to 10 g/L. 

The coatings obtained at a current density of 2 

A/dm2 from electrolytes containing 10 g/L Cu2+ and 

10 g/L Fe2+ are of pure copper, dark red in color, 

brittle and powdery.  

The current efficiency of copper 

electrodeposition in electrolytes containing 50 g/L 

Cu2+ and 130 g/L H2SO4 is higher than 90% and 

slightly decreases with the increase in Fe2+ 

concentration. The coatings are of pure copper, 

light red in color, smooth and semi-bright in 

appearance.  

On galvanostatic deposition at 2 A/dm2 from 

electrolytes containing 50 g/L Cu2+, 50 g/L Zn2+, 10 

g/L Fe2+ and 130 g/L H2SO4, the obtained coatings 

are of pure copper, light red in color, smooth and 

semi-bright. 
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ИЗВЛИЧАНЕ НА МЕТАЛИ ОТ ТВЪРДИ МЕТАЛУРГИЧНИ ОТПАДЪЦИ. 

ГАЛВАНОСТАТИЧНА ЕЛЕКТРОЕКСТРАКЦИЯ НА МЕД ОТ СУЛФАТНИ 

ЕЛЕКТРОЛИТИ, СЪДЪРЖАЩИ Zn2+ И Fe2+ ЙОНИ 

Г. А. Ходжаоглу, Ив. С. Иванов 

Институт по физикохимия “Акад. Р. Каишев”, Българска aкадемия на nауките, ул. “Акад. Г. Бончев”, 

блок 11, София 1113 

Постъпила на 2 август 2012 г.; приета на 26 септември, 2012 г. 

 (Резюме)   

Посредством галваностатични методи е изследвана електроекстракцията на мед от сернокисели (130 g/L) 

сулфатни електролити в присъствието на Zn2+ или Fe2+ йони. Покритията, отложени от електролити, съдържащи 

1 g/L Cu2+ и  50 g/L Zn2+ са съставени предимно от Zn (80-90%). Покритията са черни и прахообразни. Покрития 

от чиста мед се получават при 1 A/dm2 от електролити, съдържащи 10 g/L Cu2+ и 50 g/L Zn2+. Покритията са 

светлочервени на цвят, гладки и полублестящи. Добивът по ток на медното отлагане при 2 А/dm2 от 

електролити, съдържащи 10 g/L Cu2+ рязко намалява с нарастването на концентрацията на Fe2+. Добивът по ток 

е по-висок от 90% и прктически не зависи от концентрацията на Fe2+ при отлагане от електролити, съдържащи 

50 g/L Cu2+. Покритията, получени от електролити, съдържащи 10 g/L Cu2+ в присъствието на Fe2+ йони са 

тъмночервени, грапави и матови, а тези получени от електролити, съдържащи 50 g/L Cu2+ са светлочервени, 

гладки и блестящи. И в двата случая покритията са от чиста мед. 
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The adsorption of sulfonic and phenolic substances in detergents by natural zeolites from Turkish and 

Romanian deposits was investigated. The zeolites were characterized by IR spectroscopy and surface measurements. 

Тhe effects of contact time and pH on the adsorption process were investigated. It was established that the specific 

surface area is the determining factor which influences mostly on the adsorption of detergents. The removal of 

detergents was also investigated by applying different membranes. They have demonstrated higher adsorption capacity 

values than zeolites. 
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INTRODUCTION 

The production of different washing materials 

has been always accompanied by regular 

accumulation of substantial quantities of detergents 

in waste waters. Currently used detergents 

generally consist of surfactants, bleaching agents, 

additives for secondary benefits, enzymes, etc. The 

effective removal of these hardly degradable 

pollutants from waste waters is a global problem of 

great importance. Many research efforts on the 

improvement of the adsorption process and 

adsorbent materials for removal of organic 

pollutants from waste water streams have been 

developed in the last years. Activated carbon is the 

most used adsorbent; however its regeneration is 

difficult and expensive. Recently many researchers 

are investigating new, efficient and regenerable 

adsorbents, such as inorganic materials, e.g. 

zeolites and clay materials [1-8]. An important 

benefit of zeolites is that they are stable and 

inclined to regeneration. Since the thermodynamics 

and kinetics of gas-phase adsorption of organic 

molecules by zeolites have been thoroughly 

investigated, the studies of adsorption of organic 

molecules by zeolites from aqueous solutions are 

relatively rare [7]. The adsorption from aqueous 

solution depends not only on the zeolite pore 

structure, but also on the competition between the 

organic molecules and water molecules for the 

zeolite adsorption sites. 

Advances in nano-scale science and engineering 

are providing unprecedented opportunities to 

develop low-cost and environmentally acceptable 

water purification processes. Besides, the 

adsorptive materials, membranes, membrane 

separation techniques are also promising as an 

effective alternative for water purification from 

various pollutants. The fundamental understanding 

of membrane performance is important for the 

suitable selection and application in industrial 

systems. There are many studies on the removal of 

organic substances from diluted solutions using 

membranes [9-14], but reports on separation of 

toxic detergents by membranes are rare in the 

literature. This paper gives a brief overview of the 

use of membranes in the purification of water, 

contaminated by toxic detergents. 

This work aims to investigate the influence of 

structural and surface properties of zeolites and 

membranes on detergent removal (sulfonic and 

phenolic substances) in aqueous solution. This is a 

part of our efforts to develop an average scale 

module for purification of small factories waste 

waters from different pollutants, on the base of 

multi-layered filter containing natural zeolites and 

polymer membranes.    

 

 

© 2014 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria 

* To whom all correspondence should be sent: 

E-mail: goriva@orgchm.bas.bg 



B. Tsyntsarski et al.: Removal of detergents by zeolites and membranes 

 158 

EXPERIMENTAL 

Characterization of the initial materials 

In this study three zeolite samples and two 

membrane samples were investigated towards 

adsorption of sulfonic and phenolic substances. The 

first zeolite sample is from Romania (location: 

Marsid, Bocsa-Borla) and the other two zeolite 

samples are from Turkey (location: Bigadic and 

Gordes). 

The membrane samples are prepared as follows:  

Membrane M1 - from polymer mixture of 80 % 

C1 (prepared from monomer mixture of 90 % 

acrylonitrile (AN) and 10 % vinyl acetate (AcV) 

and 20 % polyvinyl alcohol (APV) , with 

coagulation bath composition of 70 % iso-propanol 

(IzOH) and 30% water.  

Membrane M2 – polymer mixture of 80 % C2 

(prepared from a monomer mixture of 80 % AN, 

20% AcV) and 20 % APV. 

Analytical methods for characterization of zeolites 

The following methods were applied and 

equipment’s were used for characterization of the 

zeolites:  

- X-ray diffractometer BRUKER D8 

ADVANCE, equipped with DIFFRA Cplus 

Commender XRD (Bruker AXS), and using Bragg-

Brentano diffraction method, with coupling - in 

vertical configuration. 

- Surface measurements were performed by 

porosimeter ASAP 2020 (Micromeritics). 

- The samples were also analyzed by FTIR 

spectroscopy, using Bruker IFS 113V 

spectrophotometer, with resolution of 1 cm-1. The 

samples were mixed with potassium bromide and 

the mixture was pressed into pellets to be used in 

the analysis. 

Adsorption from aqueous solutions 

Adsorption experiments were carried out by 

using a zeolite sample Marsid with two fractions: 

≤0.09 mm and 0.10-0.14 mm.  

The adsorption capacity of the adsorbents for 

sulfonates and phenolic compounds were 

investigated by using Bulgarian commercial 

dishwashing liquid (pH 6.7).  Adsorption 

experiments were conducted using aqueous 

solutions, containing different volumes of liquid 

detergent. Portions of adsorbents with amount of 

0.1 g were used in the adsorption measurements. 

They were added to portions of the liquid detergent 

with volume of 5-30 mL and water was added in 

order to obtain final volume of 50 mL for each 

solution. Then the solutions were shaken for 5 min 

to 2 h. The amount of the sulfonates and phenolic 

compound were determined at wavelengths 220 and 

269 cm-1 respectively, using UV spectrophotometer 

Pharo 300 [15, 16].  

The factors affecting the sorption of the 

investigated detergents from aqueous solution, such 

as contact time, particle size distribution and effect 

of pH were studied. 

The effect of pH of the solution on the 

equilibrium adsorption of sulfonate and phenolic 

compounds is investigated by using 0.1 g adsorbent 

and 50 mL solution (containing 20 mL liquid 

detergent) at 1 h contact time. The initial pH values 

of the solutions were adjusted with either HCl or 

NaOH. 

RESULTS AND DISCUSSION. 

Characterization of the natural zeolite samples 

The results from XRD analysis (Fig.1) show that 

all the studied natural zeolites dominantly contain 

clinoptilolite. 

Table 1 was prepared on the base of XRD 

results, which demonstrates the content of different 

minerals in the zeolite samples. 

From XRD and atomic spectrophotometry 

results, the structural chemical phase composition 

of the samples were established and data are 

presented in Table 2. 

The data in Table 2 show that the Turkish 

zeolites contain slightly higher amount of Al2O3 in 

comparison with zeolite sample Marsid. All the 

samples have high amount (>60%) of silicon 

dioxide, whereas Gordes zeolite has the highest. 

The content of aluminium oxide in all samples is in 

between 12-13 %. There are higher amounts of 

alkaline oxides in Bigadic and Gordes zeolites than 

Marsid zeolite. At the same time, the Bigadic 

zeolite contain more CaO and Fe2O3 than Marsid 

zeolite (contains half of the amount of Fe2O3 

contained in Bigadic zeolite), and their content in 

Gordes zeolite (contains one-third of the amount of 

Fe2O3 contained in Bigadic zeolite) is the lowest. 

Surface characterization results of Marsid, 

Bigadic and Gordes zeolites are presented in 

Table 3. 
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Fig 1. XRD patterns of Marsid, Gordes and Bigadic clinoptilolites 

The data from Table 3 shows that the Marsid 

clinoptilolite has higher surface area and lower pore 

volume and pore radius than the other zeolites, as 

the average pore radius is lowest for the zeolite 

Marsid. Chemical character of the surface of 

Gordes and Marsid zeolies is probably due to the 

higher content of alkaline oxides. 

The IR spectra of the zeolite Marsid is shown in 

Fig. 2. The bands are assigned to different vibration 

modes of the zeolite matrix were presented in Table 

4 [17-19]. IR spectra (not shown) of Bigadic and 

Gordes zeolites are similar. IR results confirm that 

the investigated natural zeolites mainly contain the 

mineral clinoptilolite. 
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Fig. 2. IR spectra of clinoptilolite. 

Table 1. Content of different minerals in zeolite samples 

 Bigadic Gordes Marsid 

Clinoptilolite content, % @  95 >96 75-80 

Plagioclase + - + 

Cristobalite + - + 

Quartz + + + 

Biotite + + - 

Clays + - - 

Table 2. Chemical composition of the clinoptilolite 

samples, (wt. %). 

 Bigadic Gordes Marsid 

SiO2 64.00 71.98 66.21 

Al2O3 13.56 12.56 12.37 

Na2O 0.45 0.96 0.39 

K2O 3.61 4.28 2.43 

CaO 3.61 1.99 2.44 

Fe2O3 1.35 0.45 0.74 

MgO - 0.42 0.86 

H2O 5.67 7.40 6.82 

SiO2/Al2O3 4.72 6.32 5.35 

Table 3. Surface characteristics of zeolites. 

Clinoptilolite 

Specific 

Area, 

m2/g 

Pore 

Volume 

cm3/g 

Average 

Pore 

Diameter Ǻ 

pH 

Marsid 43.4 0.061 56.36 4.8 

Gordes 30 0.165 42.12 7.5 

Bigadic 28 0.075 111.2 7.3 

Adsorption experiments for the zeolite samples 

The results of the adsorption of detergents from 

aqueous solutions, containing different volumes of 

liquid detergent,  5, 10, 15, 20 and 30 mL (for each 

solution water was added in order to obtain final 

volume of  50 mL), are shown in Fig. 3, Fig. 4 and 

Fig. 5 for Marsid, Gordes and Bigadic zeolites, 

respectively. All the isotherms are type L of Giles 

classification, indicating that adsorption proceeds 

by the formation of a monolayer in the range of 

concentrations used [20].  

Table 4. IR bands of clinoptilolite . 

Hydroxy groups of basic 

nature 
4000-3000 cm-1 

CO2 (in the air) 2300 cm-1 

H2O (air+ads.) 1637 cm-1 

Si–O asymmetric stretching 1204 cm-1 

Si–O–Al asymmetrical 

stretching 

1062 cm-1 

O–Si–O symmetric stretching 791 cm-1 

symmetric stretching of free 

SiO4 

727 cm-1 

symmetric stretching of free 

SiO4 

667 cm-1 

O–Si–O bending 608 cm-1 

‘‘pore opening’’ vibration of 

free SiO4 

525 cm-1 

Si–O bending 468 cm-1 

 

The experimental data were fit to the Langmuir 

equation in linear form [21]: 

Ce/Qe = 1/Qob+ Ce/Qo  (1) 

where Ce is the equilibrium pollutant concentration 

remaining in solution after adsorption (mg L−1), Qe 

is the amount of pollutant adsorbed on the 

adsorbent (mg g−1), Qo is the maximum amount of 

the pollutant per unit weight of adsorbent (mg g−1), 

and b is a constant related to the affinity of 

adsorption sites (L mg−1). The shape of the 

isotherms shows that the process of adsorption of 

detergents can be described by Langmuir theory, 

which states that adsorption proceeds via a 

monolayer formation.  

Results (Fig. 3, Fig.4 and Fig. 5) show that 

Marsid zeolite with granulometric composition of ≤ 

0.09 mm has the highest adsorption capacity. The 

samples with alkaline character of the surface - 

Bigadic and Gordes zeolites - show lower 

adsorption capacity towards both sulfonic and 
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Fig. 3.  Adsorption of detergents on Marsid zeolite: 1-

sulfonic compounds, 2-phenolic compounds.  

phenolic compounds (Fig. 4 and Fig. 5). These 

results indicate that the determining factors for their 

adsorption properties are the surface area and the 

pore size distribution of the samples, as well as the 

different chemical composition and chemical 

character of the surface. 

Fig 6 shows the adsorption of sulfonic and 

phenolic compounds on the zeolite Marsid sample 

with particle size 0.10-0.14 mm. The enhancement 

of the particle size decreases the specific surface 

area, which causes reduction of the number of the 

active sites. 

Comparing Fig 3 and Fig. 6 allows to 

understand the effect of the granulometric 

composition of the zeolites on the adsorption of 

both detergents (all zeolites show similar 

dependence). 
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Fig. 4.  Adsorption of detergents on Gordes zeolite: 1 - 

sulfonic compounds, 2 - phenolic compounds. 
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Fig. 5.   Adsorption of detergents on Bigadic zeolite: 1 - 

sulfonic compounds, 2 - phenolic compounds. 

 
Fig. 6. Adsorption of detergents on Marsid zeolite 

samples with particle size 0.10-0.14 mm.  

The increase of the size of the particles leads to 

decrease of the adsorption activity. Figure 7 shows 

the effect of the contact time on the removal of 

sulfonic compounds by Marsid zeolite. Data 

indicate that the removal of sulfonates increases 

with time and attains equilibrium in 30 minutes for 

all initial concentrations of the sulfonate solutions.  

Sulfonate adsorption increases sharply for a 

short time and slows gradually when equilibrium is 

approaching. This behavior can be attributed to the 

decrease in the number of available sites on the 

zeolite surface during the process. The plot shows 

that the amount of sulfonate compounds adsorbed 

on the adsorbents (mg/g) vary in smooth and 

continuous curves, leading to saturation, which 

indicates the possibility for formation of monolayer 

coverage of sulfonates on the surface of the 

adsorbent. The kinetic curves (not shown) of the 

removal of sulfonates versus contact time for other 

zeolite samples show the same dependence. 
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Fig. 7. Effect of contact time on adsorption at different 

concentrations of sulfonic compounds on zeolite Marsid.  

Effect of pH on adsorption on zeolites 

The pH of the aqueous solution has strong 

effects on the adsorption of different substances on 

the zeolite surface. pH is one of the key factor that 

control the adsorption in such processes, since it 

influences the electrostatic interactions between the 

adsorbent and the adsorbate. 

The adsorption depends on the nature of the 

surface of the adsorbent and of the substances in the 

water solution. It was established that the Marsid 

zeolite has the lower pH value than other zeolites. 

Fig. 8 and Fig. 9 shows the effect of pH values on 

the adsorption of detergents on Gordes and Marsid 

zeolites. The target pH value was obtained by 

adding adequate amounts of NaOH or HCl diluted 

solutions to the initial non-buffered solution, 

containing sulfonic and phenolic compounds. The 

uptake of both compounds was found to be 

maximal at pH 6, independently with the fact that 

they have different pH values at initial conditions. 

As expected, these results confirm that both 

compounds are preferentially adsorbed from their 

neutral solutions. For both pollutants the amount 

adsorbed appeared to be much altered at neutral pH. 

As the pH increases, the surface of zeolites is 

being negatively charged until solution pH > pHPZC, 

where the amount of negative charges becomes 

predominant in the zeolite surface. At this point, the 

fall in the uptake is probably due to the repulsive 

interactions, that appear between the anionic form 

of the adsorbates and the charges on the 

clinoptilolite surface. Other reason could be the 

competitive adsorption between sulfonate/phenolic 

and chlorine ions (probably present as impurities), 

which hinders detergent uptake. 

 
 Fig. 8.  Effect of pH on the retention of sulfonic and 

phenolic compounds on Gordes (pH 8.16) zeolite 1 - 

sulfonic compounds, 2  - phenolic compounds. 

 
Fig. 9. Effect of pH on the retention of sulfonic and 

phenolic compounds on Marsid (pH 4.8) zeolite, 1 - 

sulfonic compounds, 2 - phenolic compounds. 

Adsorption of detergents using membranes 

Two types of membranes with diffеrent 

chemical composition are used in the experiments. 

The results are presented in Fig. 10 and Fig. 11.  

 
Fig. 10. Dependence of productivity of purification of 

detergents (1 - sulfonic; 2 -phenolic compounds) on 

membrane M1, at different amount of detergents in 50 

mL solution. 
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As can be seen from Figure 10 and Figure 11, 

the removal of detergents from water increases 

sharply in the case of membrane M2 by attaining 

the highest value of 82 %, whereas the removal is 

52 % for the membrane M1. 

The differences in chemical composition of the 

acrylic copolymers affect the structure of the 

resulting membranes. 

As can be seen from Fig.12, the membrane M1 

is more compact (dense), with smaller pores, 

compared to the membrane M2, which is less 

compact, with more and larger pores. 

 
Fig. 11. Dependence of productivity of purification of 

detergents (1 – sulfonic; 2 -phenolic compounds) on 

membrane M2, at different amount of detergents in 50 

mL solution. 

It seems that the differences in chemical 

composition and the morphology of the membranes 

lead to their different purification efficiency 

towards detergents.  

CONCLUSIONS 

The main factors, determining the adsorption 

properties towards detergents, are the surface area 

and the pore structure of the zeolites. Increasing the 

particle size leads to decrease in the adsorption 

capacity of the samples, due to reduced surface 

area. The uptake of both sulfonic and phenolic 

compounds was found to be maximal at pH 6. 

These results confirm that both compounds are 

prefferably adsorbed from their water solutions in 

neutral forms. 

The experiments conducted with membranes 

demonstrated that they have considerably higher 

adsorption capacities compared to zeolites. The 

chemical composition and morphology of the 

membranes is believed to be very important factor 

affecting the efficiency of the membrane for the 

removal of sulfonic and phenolic compounds from 

waste waters.  

 

 

 

 

 

  
a b 

Fig.12. Optical microscope images of membranes M1 (a) and M2 (b).The red square has area of 1 mm2. 
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(Резюме) 

Изследвана бе адсорбцията на сулфонати и фенолати, съдържащи се в детергенти, с помощта на 

природни зеолити от Турция и Румъния. Зеолитите бяха охарактеризирани посредством ИЧ спектроскопия и 

изучаване на повърхностните свойства. Изследвано бе влиянието на времето на контакт и на pH върху процеса 

на адсорбция. Установено бе, че специфичната повърхност е определящ фактор, който влияе в най-голяма 

степен върху адсорбцияата на детергентите. Бе изследвано и извличането на детергенти  с помощта на различни 

мембрани, които показаха по-висок адсорбционен капацитет в сравнение с изследваните зеолити. 
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Synthesis of 2,4,5-trisubstituted and 1,2,4,5-tetrasubstituted-1H-imidazole 

derivatives and or 2,4,5-Triaryloxazoles using of Silica-Supported  

Preyssler Nanoparticles 
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One-pot multi-component condensation of benzil and or benzoin, aldehydes, ammonium acetate and primary 

amines were used for synthesis of 2,4,5-trisubstituted and 1,2,4,5-tetrasubstituted-1H-imidazole derivatives under reflux 

conditions using Silica-supported Preyssler nanoparticles heteropolyacid as a catalysts. This catalyst has several 

advantages (simple work-up, inexpensive and reusability). These catalysts were also successfully employed in the 

synthesis of triaryloxazoles. 

Keywords: substituted imidazole; silica-supported Preyssler nanoparticle; benzil; aromatic aldehyde; 

triaryloxazoles; multicomponent reaction 

INTRODUCTION 

Imidazole is a five-membered ring 

heteroaromatic compound with two nitrogen atoms 

at 1 and 3 [1]. This type of compound is known to 

exhibit a broad range of pharmaceutical and 

industrial applications. For instance, the imidazole 

core unity is present in many compounds with 

pronounced biologic activities such as angiotensin 

inhibitors [2], anti-inflammatory [3],  glucagon 

antagonist [4], antiviral [5], fungicidal [6], and high 

cytotoxicity, which has indicated them as new 

candidates in cancer therapy [7]. Heterocyclic 

compounds with imidazole ring systems have many 

pharmaceutical activities and play important roles 

in biochemical processes [8]. Highly substituted 

imidazole derivatives are also the key intermediates 

in the synthesis of many therapeutic agents. 

Omeprazole, Pimobendan, Losarton, Olmesartan, 

Eprosartan and Triphenagrel are some of the 

leading drugs in the market with diverse 

functionality [9]. Triarylimidazoles are used in 

photography as photosensitive compound [10]. In 

addition, they are of interest due to their herbicidal 

[11], analgesic [12], fungicidal [13], 

antiinflammatory [14] and antithrombotic activities 

[15]. There are numerous methods in the literature 

for the synthesis of highly substituted imidazoles: 

(a) condensation of 1,2–diones, aldehydes, primary 

amines and ammonia [16], (b) N-alkylation of 

trisubstituted imidazoles [17], (c) condensation of 

benzoin or benzoin acetate with aldehydes, primary 

amines and ammonia in the presence of copper 

acetate [18] (d) cyclization of sulfonamides with 

mesoionic 1,3-oxazolium-5-olates [19],  (e) four 

component condensation of diones, aldehydes, 

primary amines and ammonium acetate in acetic 

acid under reflux conditions [20], (f) condensation 

of β-carbonyl -N-acyl-N-alkylamines with 

ammonium acetate in refluxing acetic acid [21] and 

(g) conversion of N-(2-oxo)amides with ammonium 

trifluoroacetate under neutral conditions [22]. The 

synthesis of triarylimidazoles from the three 

component reaction of 1,2-dicarbonyl compounds, 

aldehyde and ammonia was independently 

discovered by Radziszewski [23]. However, long 

periods of time and harsh conditions were 

frequently associated with low yields of production. 

Davidson et al. [17] showed can reduce the reaction 

times using acetic acid as solvent and ammonium 

acetate instead of ammonia. This last protocol 

became usual and default procedure for the 

synthesis of triarylimidazoles [24]. Polyoxo-

metalates (POMs) are metal-oxo anionic clusters 

whose chemical properties can be controlled by 

transition-metal substitution and the countercation 

used. POMs have wide applications in many fields 

such as catalysis, medicine, magnetic properties, 

materials, surface chemistry, photochromism, and 

electrochromism, owing to their so-called 

‘‘valueadding properties.’’ These properties, 

combined with their ability to donate and accept 
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electrons and their stability over a wide range of 

conditions, make them attractive candidates for 

catalysis. A new and efficient method for the 

preparation of 4(3H)-quinazolinones fromthe 

condensation of anthranilic acid, orthoester and 

substituted anilines, in the presence of catalytic 

amounts of silica-supported Preyssler nanoparticles 

is reported [25]. An efficient, improved, and 

environmentally benign procedure for catalytic 

oxidation of benzyl alcohols to the corresponding 

benzaldehdes was developed in the presence of 

nano-SiO2-supported Preyssler heteropolyacid 

(HPA), both in thermal conditions and under 

microwave irradiation [26]. Silica-supported 

Preyssler nanoparticles appear to be a new and 

efficient solid acid catalyst for an economical, and 

environmentally benign one-pot synthesis of 3-

substituted phthalides [27]. An efficient and 

environmentally benign procedure for the catalytic 

esterification of salicylic acid with aliphatic 

alcohols, CnH2n+1OH (n = 1–5) and benzylic 

alcohols, RC6H4CH2OH (R = H, NO2, OCH3, Br, 

Cl, Me) was developed using nano-SiO2-supported 

Preyssler heteropolyacid both under thermal 

conditions and microwave irradiation [28]. 

EXPERIMENTAL 

Catalyst Preparation 

Supported heteropolyacid catalyst was 

synthesized according to the literature [29,30] using 

a support in powder form (SiO2) with an aqueous 

solution of the heteropolyacids. After stirring the 

mixture, the solvent was evaporated, dried at 120OC 

and calcined at 250OC in a furnace prior to use. 

Silica-supported Preyssler nano-structures were 

obtained through the microemulsion method [29]. 

Synthesis of 2,4,5-triaryl-1H-imidazoles (5a-Z4) 

from the benzils (1a-Z4): 

General Procedure: 

A mixture of benzils (1 mmol) and aromatic 

aldehyde  (2a-Z4) (1 mmol), ammonium acetate (4 

mmol) and EtOH (4 mL) was heated under reflux 

with magnetic stirring until the mixture melted. 

Silica-supported Preyssler nanoparticles (0.03 

mmol) were added to this mixture and stirred under 

reflux for 3 h. The progress of the reaction was 

monitored by thin-layer chromatography (TLC). 

After completion of reaction, the reaction mixture 

was cooled to room temperature and poured on 100 

ml ice water and diluted with dichloromethane, and 

separated from the catalyst by filtration. Pure 

products were obtained after the addition of water 

to the organic layer. Two phases of solution were 

extracted and then the solvent was evaporated to 

afford 2,4,5-triaryl-1H-imidazoles (5a-Z4). The 

separated solid was filtered and washed with water. 

The residue was dried, and recrystallized from 

methanol: water (8:1) mixture. 

Synthesis of 2,4,5-triarylimidazoles (5a-Z4) from 

the benzoin (5): 

A mixture of benzoin (1 mmol) and aromatic 

aldehyde (2a-Z4) (1 mmol), ammonium acetate (5 

mmol) and EtOH (4 mL) was heated under reflux 

with magnetic stirring until the mixture melted. 

Silica-supported Preyssler nanoparticles (0.03 

mmol) were added to this mixture and stirred under 

reflux for 3 h. The progress of the reaction was 

monitored by thin-layer chromatography (TLC). 

After completion of reaction, the reaction mixture 

was cooled to room temperature and poured on 100 

ml ice water and diluted with dichloromethane, and 

separated from the catalyst by filtration. Pure 

products were obtained after the addition of water 

to the organic layer. Two phases of solution were 

extracted and then the solvent was evaporated to 

afford 2,4,5-triaryl-1H-imidazoles (5a-Z4). The 

separated solid was filtered and washed with water. 

The residue was dried, and recrystallized from 

methanol: water (8:1) mixture. 

Synthesis of 2,4,5-triaryloxazoles (9a-j): 

A 10 mL round-bottom flask equipped with 

magnetic stirrer was charged with benzoin (5) and 

or benzils (1a-Z4) (1.0 mmol), aldehydes (2a-j) 

(1.0 mmol), NH4OAc (4, 4.0 mmol) and Silica-

supported Preyssler nanoparticles (0.05 mmol), 

followed by EtOH (4 mL). The reaction mixture 

was stirred and gently refluxed for 4 h. After the 

completion of the reaction with the monitoring of 

TLC, 4 mL of water were added. The solid was 

filtered under reduced pressure and washed with 

small portions of a mixture of cooled EtOH/H2O 

(1:1, v:v). The crude product was recrystallized 

from acetone/water 9:1 or toluene. 

Selected Spectra data: 

2-(2,4-dichlorophenyl)-4,5-diphenyl-1H-imidazole 

(Table 1, entry 5): 

mp 175–176 OC. IR (KBr, cm-1) νmax: 3425, 

3069, 1590, 824, 765, 698. 1H NMR (300 MHz, 

DMSO-d6,) δH: 12.6 (s, 1H), 7.84 (d, J = 8.4 Hz, 

1H), 7.80 (s, 1H), 7.45–7.65 (m, 12H). 13C NMR 

(100 MHz, DMSO-d6) δC: 126.5, 127.4, 127.4, 

127.8, 128.2, 128.5, 128.4, 128.7, 128.7, 129.55, 

130.6, 132.4, 132.6, 133.9, 134.8, 137.1, 142.4. 

EIMS m/z 364 (M+-2, 100), 165, 123, 69, 55. 
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2-(4-methoxyphenyl)-4,5-diphenyl-1H-imidazole 

(Table 1, entry 17): 

mp 231–232 OC. IR (KBr, cm-1) νmax: 3400, 

3060, 1611, 1490, 1179, 1027, 830, 760. 1H NMR 

(300 MHz, DMSO-d6,) δH: 12.47 (s, Br, 1H), 8.00 

(dt, J = 8.8Hz, 2.0 Hz, 2H), 7.50 (d, J = 7.2 Hz, 

4H), 7.37 (t, J = 7.2 Hz, 4H), 7.28 (t, J = 7.2 Hz, 

2H), 7.06(dt, J = 8.8 Hz, 2.0 Hz, 2H), 3.82 (s, 3H). 
13C NMR (100 MHz, DMSO-d6) δC: 55.2, 114.2, 

122.9, 126.7, 127.1, 127.7, 128.4, 145.7, 159.5. 

EIMS: m/z (%) = 326 (M+, 100), 311, 283, 235, 97. 

Reusing the Catalyst 

The reusability of the catalyst was also 

investigated. The synthesis of 3a was selected as 

the model reaction (Scheme 1). After completion, 

the catalyst was filtered off and washed three times 

with 10 ml of dichloromethane, dried at 80OC under 

reduced pressure (2 h), and subjected to the second 

run of the model reaction. 

RESULTS AND DISCUSSION 

We report for the first time a direct and 

efficient method for the preparation of substituted 

2,4,5-triaryl-1H-imidazole derivatives by the 

condensation of benzil or 1,2-diketones (1) and or 

benzoin,  aromatic aldehyde (2) and ammonium 

acetate using silica-supported Preyssler 

nanoparticles as a novel and efficient catalytic 

system (Scheme 1), (entries 5a-Z4, Table 1). 
O O

O

H

O OH

NH4OAc

or
+

Silica-supported Preyssler nanoparticles

N

N

H

Solvent-free, Reflux, 3 h

1 2a-Z4

Benzoin

Benzyl

3
4 5a-Z4

 
Scheme 1 Synthesis of 2,4,5-trisubstituted-1H-imidazole derivatives (5a-Z4) in the presence of Silica-Supported 

Preyssler Nanoparticles under Solvent-Free Conditions at reflux conditions and in proper times. 

Table 1. Synthesis of 2,4,5-Trisubstituted Imidazoles via condensation of benzil, aldehydes, ammonium acetate and 

using silica-supported Preyssler nanoparticles under solvent-free conditions at reflux conditions and in proper times. 

Entry Substrate 2 Product 3 
Time (h) aYield (%) MP (◦C) 

Benzil Benzoin Benzil Benzoin Found Reported (lit.) 

1 
O

H  N

N

H a 

1 1.5 96 92 269-270 (274–276)[19] 

2 
O

H

O2N

 N

N

H

NO2

b 

1.5 2.5 98.5 96 240-241 240–242 

3 

O

H

O2N  
N

N

H

NO2

c 

1.5 2 
93 

 
96 >262 >260 [18] 

4 O

H

Cl

 
N

N

H Cl d 

1.5 2 96 92 180-182 (183–184)[20] 

5 O

H

Cl

Cl

 
N

N

H Cl

Cl

e 

1 1.5 91 94 175-176 176.5-177 [31] 

6 
O

H

Br

 
N

N

H

Br

f 

1 1.5 93 98 260-262 261.5-263.5 [21] 



Ali Gharib et al.: Synthesis of 2,4,5-trisubstituted and 1,2,4,5-tetrasubstituted-1H-imidazole derivatives … 

168 

7 O

H

Br

 
N

N

H Br g 

1 2 90 95 202-203 201-202 [32] 

8 
O

H

F

 N

N

H

F

h 

2 2.5 97 91 188-189 189-190 [33] 

9 O

H

O

 

N

N

H

O

i 

1.5 2 91 96 200-201 202-203 [32] 

10 
O

H

Cl

 N

N

H

Cl

j 

1.5 2 96 98 261-263 262-264 [21] 

11 O

H

Cl

 
N

N

H Cl k 

1.5 2 94 95 196-198 195-197 [31] 

12 O

H

OH

 
N

N

H HO
l 

1 1.5 96 98 271 272 [17] 

13 
O

H

HO

 
N

N

H

OH

m 

1.5 2 91 95 234 233 [19] 

14 O

H

HO

OH

 
N

N

H

OH

HO n 

1.5 2 96 97 272 272 [17] 

15 
O

H

OH

O2N  

N

N

H HO

NO2

o 

2 2.5 96 98 261-263 260.5-262 [24] 

16 O

H

OH

H3CO

 
N

N

H

OCH3

HO p 

1.5 2 95 97 242 243 [17] 

17 
O

H

H3CO

 N

N

H

OCH3

q 

2 2.5 86 92 231-233 230-232 [21] 

18 O

H

OCH3

 
N

N

HH3CO
r 

1 2 81 84 209-211 210-210.5 [21] 

19 O

H

H3CO

H3CO

 
N

N

H

OCH3

OCH3 s 

2 3 84 89 217-219 216-218 [22] 

20 O

H

HO

H3CO

 
N

N

H

OH

OCH3 t 

1 2 93 96 196 197 [34] 

21 
O

H

H3CO

H3CO

H3CO  
N

N

H

OH

OCH3

OCH3

w 

2 4 86 84 261-262 261 [17] 

22 O

H

CH3

 
N

N

HH3C x 

2 3 90 91 207-208 205-207 [21] 

23 
O

H

H3C

 N

N

H

CH3

y 

1 2 88 88 234-236 232-235 [20] 
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24 
O

H

(H3C)2N

 N

N

H

N(CH3)2

z 

1 2 92 96 257-259 257-258 [33] 

25 
O

H  N

N

H Z1 

2 3 90 91 292-293 291.5-292 [21] 

26 
O

H

H3CS

 N

N

H

SCH3

Z2 

1 2.5 98 98 241-243 242-244 [35] 

27 
S

CHO
 N

N

H

S

Z3 

1.5 2.5 94 94 259-260 260-261 [33] 

28 
O

CHO
 N

N

H

O

Z4 

1 3 92 96 199-200 200-201 [33] 

aIsolated yield. 

O O O H

+ +

(CH2)n

Silica-supported Preyssler nanoparticles

NH4OAc, Solvent-free, Reflux, 3 h N

N

1 2a-j 6

7a-j

NH2

n=0,1

Benzyl

 
Scheme 2. Synthesis of 1,2,4,5-tetrasubstituted-1H-imidazole derivatives (7a-j) in the presence of Silica-Supported 

Preyssler Nanoparticles under Solvent-Free Conditions at reflux conditions and in proper times

Similar methodology was applied for the 

synthesis of 1,2,4,5-tetrasubstituted-1H-imidazole 

derivatives (7a-j) which were also obtained in good 

to excellent yields by the condensation of benzil 

(1), aldehydes (2), aromatic amines (4) and 

ammonium acetate (Table 2) in presence of nano-

structured Preyssler supported on silica as catalyst 

under solvent-free conditions. (Scheme 2). 

The effect of solvent on the model reaction was 

studied by carrying out the reaction in a solvent-

free system and in a variety of solvents including 

ethanol, methanol and acetonitrile at reflux 

conditions. As shown in Table 3 the best results in 

terms of yield and time have been achieved in free-

solvent and ethanol conditions. Thus it was applied 

as solvent of choice. It is noteworthy to mention 

that in the absence of the catalyst and just refluxing 

the substrate in free-solvent and ethanol, no 

reaction took place. 

To determine the most appropriate reaction 

conditions and evaluate the catalytic efficiency of 

silica-supported Preyssler nanoparticles, the 

synthesis of 5a (as model reaction) was carried out 

in various conditions. First, we tried the reaction 

without catalyst. When a mixture of benzil, 

aromatic aldehyde and ammonium acetate was 

stirred under reflux conditions for 14 h in the 

absence of silica-supported Preyssler nanoparticles, 

no conversion was detected. This observation 

indicated that a catalyst is necessary for this 

transformation. To study the effect of solvent on the 

yield of this reaction, the model reaction was 

carried out in various solvents and a solvent-free 

system using 0.03 mmol of silica-supported 

Preyssler nanoparticles as the catalyst. As shown in 

Table 1, the best results in terms of yield and time 

were achieved in solvent-free conditions and in the 

presence of EtOH as solvent, too. To investigate the 

effect of silica-supported Preyssler nanoparticles, 

we carried out comparative experiments with some 

silica-gel-supported heteropolyacids, and the 

comparative results are summarized in Tables 1 and 

2 for the synthesis of 2,4,5-triphenyl-1H-imidazole 

(5a) and 1,2,4,5-tetrasubstituted-1H-imidazole (7a). 

We have performed aldehydes consisting electron 

withdrawing groups or electron donating groups at 

different positions but it did not show any 

remarkable difference in the yield of product and 

time of the reactions. Different mechanistic 

pathways have been proposed for this 

multicomponent reaction having the benzil or 

benzoin as starting materials [30]. The proposed 

rationale by Kokare et al. [31] seems to be in 
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Table 2. Synthesis of 1,2,4,5-tetrasubstituted-1H-imidazole via condensation of benzil, aldehydes, 

ammonium acetate and amine using Silica-Supported Preyssler Nanoparticles under reflux conditions and in 

proper times. 

Entry Substrate 2 Product 3 
Time (min.) aYielda (%) MP (◦C) 

Benzil Benzil Found Reported 

1 
O

H  
N

N

a 

30 91 
256–257 

 
(261–262)[19] 

2 
O

H

O2N

 
N

N

NO2

b 

20 97 222-225 219-220 [33] 

3 
O

H  
N

N

c 

25 91 161-163 158-160 [33] 

4 
O

H

Cl

 
N

N

Cl

d 

20 96 149-152 146-148 [24] 

5 
O

H

H3C

 
N

N

CH3

e 

30 81 192-193 189 [36] 

6 

CHO

H3C
O OCH3

OCH3

 

N

N

OCH3

OCH3

OCH3

f 

60 92 117-119 112-115 [33] 

7 
O

H

NC

 
N

N

CN

g 

25 93 205-207 198-201 [24] 

8 
N
H

CHO

 
N

N

N
H

h 

30 86 219-221 218-220 [24] 

9 
O

H

(H3C)2N

 
N

N

N(CH3)2

i 

30 94 180-182 183-185[23, 24] 

10 
O

CHO
 

N

N O

            j 

17 91 156-158 156-157 [24] 

aIsolated yield. 
accordance with the results in Table 1 (Scheme 3). 

The authors suggested the initial formation of N,N-

ketal (10) under heteropolyacid acidic catalysis 

from benzaldehyde (2a) and 2 equivalents of 

NH4OAc (4). It was assumed that the same 

activation occurs in the heteropolyacid catalysis. 

Therefore, the condensation of 8 with benzil (1) 

after losing 2 equivalents of water, leads to the 

conjugate intermediate 9 which rearranges via a 

[1,5]-sigmatropic proton shift to afford the 

corresponding lophine (5a). On the other hand, 

starting from benzoin, the cyclization of 

intermediate imino-alcohol (10) should occur by an 

intramolecular attack of nitrogen in a more 

hindered and saturated carbon to afford the 

dihydroimidazole intermediate (11) (Scheme 4). 

Additionally, the needed oxidation step to produce 

the conjugated intermediate (12) could explain the 

minor reactivity that is observed in the reactions 

starting from benzoin. The intermediate (12) is 

suggested as common specie in both mechanistic 

pathways. 
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Table 3. Synthesis of 2,4,5-triphenyl-1H-imidazole (3a) in the presence of various silica-supported heteropolyacids 

in different solvents and proper times.  
Entry Solvent Catalyst Reaction Time (h) aYield (%) 

Benzil Benzoin Benzil Benzoin 

1 Free H3[PMo12O40]/SiO2(50%) 1.5 2 84 82 

2 Free H4[PMo11VO40]/SiO2(50%) 1.5 2 91 88 

3 Free H3[PW12O40]/SiO2(50%) 1.5 2 87 85 

4 Free H14[NaP5W30O110]/SiO2 Nanoparticles 1 1.5 96 92 

5 Free H14[NaP5W30O110]/SiO2(50%) 1 1.5 94 90 

6 EtOH H3[PMo12O40]/SiO2(50%) 1.5 2 83 80.5 

7 EtOH H4[PMo11VO40]/SiO2(50%) 1.5 2 89.5 87 

8 EtOH H3[PW12O40]/SiO2(50%) 1.5 2 85.5 84 

9 EtOH H14[NaP5W30O110]/SiO2 Nanoparticles 1 1.5 95 91 

10 EtOH H14[NaP5W30O110]/SiO2(50%) 1 1.5 91.5 87.5 

11 MeOH H3[PMo12O40]/SiO2(50%) 2 2 83 80 

12 MeOH H4[PMo11VO40]/SiO2(50%) 2 2 88.5 86 

13 MeOH H3[PW12O40]/SiO2(50%) 2 2 84.5 84 

14 MeOH H14[NaP5W30O110]/SiO2 Nanoparticles 2 2 93 90 

15 Acetonitrile H14[NaP5W30O110]/SiO2(50%) 2 2 89.5 86 

16 Acetonitrile H3[PMo12O40]/SiO2(50%) 2.5 3 80 77 

17 Acetonitrile H4[PMo11VO40]/SiO2(50%) 2.5 3 85 84.5 

18 Acetonitrile H3[PW12O40]/SiO2(50%) 2.5 3 82 82 

19 Acetonitrile H14[NaP5W30O110]/SiO2, Nanoparticles 2 2.5 92 88.5 

20 Acetonitrile H14[NaP5W30O110]/SiO2(50%) 2 2.5 87.5 85 
aIsolated yield. 
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Scheme 3. Suggested mechanistic pathway starting from benzil (5a). 
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Scheme 4. Suggested mechanistic pathway starting from benzoin (5a). 
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Table 4. Comparative study of various supported heteropolyacid catalysts for the preparation of 2,4,5-

trisubstituted (5a) under reflux conditions and solvent-free 
Entry Catalyst Amount of catalyst 

(mmol) 

Time (h) Yield (%) 

Benzil Benzil 

1 H14[NaP5W30O110]/SiO2 
nanoparticles 

0.08 8 96 

2 H14[NaP5W30O110]/SiO2(50%) 0.09 10 94 

3 H3[PMo12O40]/SiO2(50%) 0.09 10 84 

4 H4[PMo11VO40]/SiO2(50%) 0.09 10 91 

5 H3[PW12O40]/SiO2(50%) 0.09 10 87 

6 Free - - - 

 

The generality of this process was demonstrated 

by the wide range of substituted and structurally 

divers aldehydes to synthesize the corresponding 

products in high to excellent yields (Table 1). The 

high yield transformations were carried out without 

any significant amounts of undesirable side 

products. Unlike some previously reported 

methods, the present method does not require toxic 

or anhydrous organic solvents to produce the 2,4,5-

trisubstituted imidazole derivatives. Comparison of 

silica-supported Preyssler nanoparticles, 

H3[PMo12O40]/SiO2 (50%), H4[PMo11VO40]/SiO2 

(50%), H14[NaP5W30O110]/SiO2 (50%) and 

H3[PW12O40]/SiO2 (50%) shows that silica-

supported Preyssler nanoparticles led to greater 

yields and the higher activity. The results are 

represented in Table 3. Although it is difficult to 

offer an explanation for the different activity 

between these heteropolyacids, certainly there is a 

complex relationship between the activity and 

structure of polyanion. By changing the constituent 

elements of polyanion (both hetero and addenda 

atoms), the acid strength of HPA as well as its 

catalytic activity is able to vary in a wide range 

[34]. This observation can be explained by 

considering the reaction mechanism. As shown in 

Schemes 3, 4 the first stage of the reaction is the 

activation of the carbonyl group by an acidic 

catalyst. According to previous reports, the acidic 

property of the Preyssler type of heteropolyacids is 

greater than the Keggins [35].  

The efficiency of H14[NaP5W30O110]/SiO2(50%) 

and H14[NaP5W30O110]/SiO2 nanoparticles  as 

catalyst was also studied for this reaction, but the 

model reaction (reaction of benzil, aromatic 

aldehyde and ammonium acetate) did not go to 

completion in the presence of these catalysts even 

after long reaction times (8 h) and more amounts of 

catalyst (Table 4). The reactions were carried out as 

described in the synthesis of lophine (see Table 1). 

In the absence of the catalyst (Table 4, entry 6), 9 

was only isolated in a poor yield.In 

H14[NaP5W30O110]/SiO2 nanoparticles, the catalyst 

is supported into silica nano-particles. As the 

particle size decreases, the relative number of 

surface atoms increases, and thus activity increases. 

Moreover, because of quantum size effects, 

nanometer-sized particles can exhibit unique 

properties. There are several advantages for the use 

of nano-structured Preyssler supported on silica as 

catalyst for this transformation, which include high 

conversions, low cost, and reusability of the 

catalyst. In addition, the use of supported catalyst 

under heterogeneous conditions facilitates ease of 

separation and recovery of the catalyst. The 

insolubility of the catalyst in different organic 

solvents provided an easy method for its separation 

from the product. The catalyst was easily separated 

by filtration and reused with only a gradual 

decrease in its activity. The synthesis of 2,4,5-

trisubstituted and 1,2,4,5-tetrasubstituted-

1Himidazole derivatives using acetic acid for few 

hours is a well-established procedure [36,37]. 

However, this method suffering by several 

drawbacks such as drastic reaction conditions, 

difficult to handle, longer reaction time, tedious 

work-up, low yields, All such drawbacks were 

overcome in the present procedure as silica-

supported Preyssler nanoparticles is easy to handle, 

short reaction time, yields are good, simple work-

up procedure (Scheme 1). We have carried out 

aldehydes consisting electron withdrawing groups 

or electron donating groups at different positions 

but it did not show any remarkable difference in the 

yield of product and time of the reactions. All the 

reactions proceeded very efficiently and the results 

are summarized in Table 1. Similarly, we have 

studied the condensation of benzil, aldehydes, 

ammonium acetate with primary aromatic amines. 

The neat reactions were also attempted under 

conventional heating, keeping similar reaction 

conditions. The direct heating of reactants without 

solvent took more time for completion of reactions 

and gave the products with low yields. In some 

reactions decomposition of reactants took place. 
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CONCLUSION 

In conclusion we have presented use of Silica-

supported Preyssler nanoparticles as a catalyst for 

efficient synthesis of 2,4,5-triaryl-1H-imidazoles 

and 1,2,4,5-tetrasubstituted imidazoles with 

moderate to excellent yields from benzil as well as 

benzoin. For all the presented reactions, the 

ethanol-water solvent was used which is relatively 

environmentally benign and supporting to green 

Chemistry. The advantages of the reported method 

are the use of cheap, mild, and easily available 

catalyst, easy work-up, and better yields. Further 

studies on the application of this method for the 

synthesis of highly functionalized biologically 

active imidazoles are underway. 
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СИНТЕЗА НА 2,4,5-ТРИЗАМЕСТЕНИ И 1,2,4,5-ЧЕТИРИЗАМЕСТЕНИ-1H-

ИМИДАЗОЛОВИ ПРОИЗВОДНИ И/ИЛИ 2,4,5-ТРИАРИЛОКСАЗОЛИ С ПОМОЩТА НА 

НАНОЧАСТИЦИ ОТ PREYSSLER‘ОВ КАТАЛИЗАТОР ВЪРХУ ПОДЛОЖКА ОТ 

СИЛИЦИЕВ ДИОКСИД 

А. Гариб1,2*, Б.Х. Хашемипур Хорасани2, М. Джахангир1, М. Рошаниa1, 

Л. Бахтиари2, С. Мохадесзаде2 

1Департамент по химия, Ислямски университет Азад, Машхад, Иран 

2Земеделски център за изследвания и услуги, Машхад, Иран 

Получена на 28 май, 2012 г.; коригирана на 5 февруари, 2013 г. 

(Резюме) 

Използвана е едно-степенна синтеза на многокомпонентна кондензация на бензил (и/или бензоин), 

алдехиди, амониев ацетат и първични амини за получаването на 2,4,5-тризаместени и 1,2,4,5-четиризаместени-

1H-имидазолови производни при рефлукс катализирана от Preyssler‘ова хетерополикиселина във вид на 

наночастици, фиксирани върху подложка от силициев диоксид. Този катализатор има няколко предимства: 

проста процедура, ниска цена и многократна употреба. Този катализатор е използван успешно и при синтезата 

на триарилоксазоли. 
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A facile synthesis of 1-(2, 4-dihydroxyphenyl)-3-aryl-propane-1,3-diones via 

Baker-Venkataraman rearrangement under solvent free conditions at room 

temperature 

D. Sharma*1, S. Kumar2 

1Department of Chemistry, BRCM College of Engineering & Technology, Bahal-127028, India 
2Department of Chemistry, Technological Institute of Textile & Sciences, Bhiwani-127021, India 
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A simple and highly efficient method for the synthesis of 1-(2,4-dihydroxyphenyl)-3-aryl-propane-1,3-diones 

via Baker-Venkataraman rearrangement involving grinding of 2-aroyloxy-4-hydroxyacetophenones with pulverized 

potassium hydroxide at room temperature under solvent free conditions has been described. The structures of these 

compounds were identified from their spectral data (FT IR, 1H NMR, 13C NMR, Mass). This protocol avoids the use of 

hazardous chemicals and organic solvents at any stage of the reaction. 

Keywords: 2-aroyloxy-4-hydroxyacetophenones, 1-(2,4-dihydroxyphenyl)-3-aryl-propane-1,3-diones, Baker-

Venkataraman rearrangement, solvent free conditions, grinding technique 

INTRODUCTION 

1-(2,4-Dihydroxyphenyl)-3-aryl-propane-

1,3-diones, commonly known as 2,4-dihydroxy 

dibenzoylmethanes are the required key 

intermediates for the synthesis of various 

naturally occurring compounds [1] such as 

flavones [2], pyrazoles [3], isoxazoles [4], 

pyramidines [5], benzodiazepine [6] and also 

posses a broad spectrum of pharmacological 

activities like antibacterial [7], antiviral [8], 

insecticidal [9], antioxidant [10], antitumor 

[11] and antimutagenic [12] activity. Further 

these compounds have been found to be potent 

anticarcinogenic [13,14], antiestrogenic [15], 

breast cancer chemopreventive blocking agent 

[14] and also used as anti sunscreen agents 

[16]. In recent studies, β-ketoenols has been 

reported to be important pharmacophores for 

the HIV-1 integrase inhibitors [17]. Their metal 

complexes also exhibited good biological 

properties [18,19].       

The most common method for the synthesis 

of these β-diketones is by Baker-Venkataraman 

rearrangement of 2-aroyloxyacetophenones. 

Due to their important role in various fields, 

continuous efforts have been made to simplify 

the procedures for their synthesis which 

include the use of potassium hydroxide in 

pyridine medium [20] or by heating with 

barium hydroxide in dimethylsulphoxide 

medium [21]. The above transformation has 

also been carried out in aqueous-benzene 

biphase medium using phase transfer catalysis 

[22]. Other bases which have been used for this 

rearrangement include sodamide [23], sodium 

hydride [24], sodium hydroxide in 

dimethylsulphoxide [25], and potassium 

carbonate in aqueous medium under 

microwave irradiations [26].  

Some of the above mentioned conditions 

possess shortcomings, such as use of harsh or 

hazardous chemicals, longer reaction time and 

elevated temperature. The shortcomings led us 

to develop a safe, environmentally benign, and 

more efficient condition for Baker-

Venkataraman rearrangement. 

In continuation of our work to develop eco-

friendly procedures for the synthesis of organic 

compounds under solvent free conditions [27], 

we report herein a simple and efficient method 

for the synthesis of 1-(2,4-dihydroxyphenyl)-3-

aryl-propaane-1,3-diones via Baker-

Venkataraman rearrangement under solvent 

free conditions using grinding technique 

(Scheme 1). 
* To whom all correspondence should be sent: 

E-mail: dksharma_84@rediffmail.com 
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2 R1 R2 R3 

a H H OCH3 

b Cl H H 

c H H H 

d H CH3 H 

e H Cl H 

f H OCH3 H 

g H H CH3 

h H H Cl 

 

EXPERIMENTAL 

Melting points were determined in open 

capillary tubes and were uncorrected. IR 

spectra were recorded on Perkin-Elmer 

spectrum BX series FT-IR Spectrophotometer 

with KBr pellets. NMR spectra were recorded 

on Bruker Avance (400 MHz) instruments 

using TMS as an internal standard. Mass 

spectra were recorded on Bruker-Daltonich 

mass spectrometer. A mortar and pestle of 

porcelain was used for all the experiments. All 

the chemicals were obtained commercially and 

used as received. Resacetophenone was 

prepared by the Nencki reaction as reported in 

the literature [28].   

General Procedure for the synthesis of 1-(2,4-

dihydroxyphenyl)-3-aryl-propane-1,3-diones 

2a-2g 

The substituted 2-aryloxy-4-hydroxy-

acetophenones (1.95 mmol) was ground with 

pulverized potassium hydroxide (1.95 mmol) in 

a mortar by pestle for 5 minutes and the 

reaction mixture was left at room temperature 

for another 5-10 minutes. The completion of 

the reaction was checked by TLC. The reaction 

mixture was diluted with ice cold water and 

acidified with conc. HCl. The solid that 

separated out was filtered, washed with water 

and recrystallized from aqueous ethanol to 

afford 1-(2,4-dihydroxyphenyl)-3-aryl-propane 

-1,3-diones. 

1-(2,4-Dihydroxyphenyl)-3-phenylpropane-1,3-

dione 2a.  

IR (KBr) νmax/cm-1: 3428 (OH), 1710 (C=O); 
1H NMR (CDCl3) δ/ppm: 5.10 (s, 1H, Ar-OH), 

6.35-6.65 (m, 2H, H-3,H-5), 6.75 (s, 1H, -

CH=C-), 7.40-7.50 (m, 3H, H-3', H-4', H-5'), 

7.85-8.0 (m, 2H,  H-2', H-6'), 8.05 (d, 1H, 

J=8.0 Hz, H-6), 12.35 (s, 1H, Ar-OH), 15.50 

(s, 1H, enolic OH); 13C NMR (CDCl3): δ/ppm: 

94.0 (C-α), 104.3 (C-3), 109.1 (C-5), 115.1 (C-

1), 126.1 (C-2'), 126.1 (C-6'), 128.1 (C-4'), 

128.5 (C-3'), 128.5 (C-5'), 130.7 (C-1'), 132.5 

(C-6), 163.4 (C-2), 165.5 (C-4), 184.6 (C-β), 

190.1 (s, C-γ); MS (ESI): m/z 256.056 (M+). 

1-(2,4-Dihydroxyphenyl)-3-(3'-methoxyphenyl) 

propane-1,3-dione 2b.  

IR (KBr) νmax/cm-1: 3422 (OH), 1708 (C=O); 

1H NMR (CDCl3) δ/ppm: 3.95 (s, 3H, OCH3), 

5.20 (s, 1H, Ar-OH), 6.75 (s, 1H, -CH=C-), 

6.80-7.45 (m, 4H, H-3, H-5, H-4', H-5'), 7.80 

(dd, 1H, J= 8.0 Hz & 2.0 Hz, H-6), 7.80-7.95 

(m, 2H, H-2', H-6'), 12.35 (s, 1H, Ar-OH), 

15.55 (s, 1H, enolic OH). 13C NMR (CDCl3): 

δ/ppm: 55.5 (C-7'), 93.6 (C-α), 104.0 (C-3), 

109.5 (C-5), 110.0 (C-2'), 113.2 (C-4'), 115.5 

(C-1), 118.2 (C-6'), 129.4 (C-5'), 131.1 (C-1'), 

132.5 (C-6), 160.2 (C-3'), 163.5 (C-2), 164.0 

(C-4), 184.6 (C-β), 190.1 (C-γ); MS (ESI): m/z 

286.056 (M+). 
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1-(2,4-Dihydroxyphenyl)-3-(4'-methoxyphenyl) 

propane-1,3-dione2c.  

IR (KBr) νmax/cm-1: 3420 (OH), 1705 (C=O); 

1H NMR (CDCl3) δ/ppm: 3.9 (s, 3H, OCH3), 

5.15 (s, 1H, Ar-OH), 6.75 (s, 1H, -CH=C-), 

6.85-7.48 (m, 4H, H-3, H-5, H-3', H-5'), 7.75 

(dd, 1H, J= 8.0 Hz & 2.0 Hz, H-6), 7.85-7.95 

(m, 2H, H-2', H-6'), 12.32 (s, 1H, Ar-OH), 

15.52 (s, 1H, enolic OH);     13C NMR (CDCl3): 

δ/ppm: 56.0 (C-7'), 94.0 (C-α), 104.2 (C-3), 

110.6 (C-5), 114.6 (C-3'), 114.6 (C-5'), 116.0 

(C-1), 122.2 (C-1'), 127.9 (C-2'), 127.9 (C-6'), 

131.4 (C-6), 159.4 (C-4'), 164.0 (C-2), 165.9 

(C-4), 184.6 (C-β), 190.1 (C-γ); MS (ESI): m/z 

286.071 (M+).  

1-(2,4-Dihydroxyphenyl)-3-(3'-methylphenyl) 

propane-1,3-dione 2d.  

IR (KBr) νmax/cm-1: 3428 (OH), 1710 (C=O); 

1H NMR (CDCl3) δ/ppm: 2.40 (s, 3H, CH3), 

5.12 (s, 1H, Ar-OH), 6.95-7.95 (m, 8H, H-3, 

H-5, H-6, -CH=C-, H-2', H-4', H-5', H-6'), 

12.15 (s, 1H, Ar-OH), 15.60 (s, 1H, enolic 

OH); 13C NMR (CDCl3): δ/ppm:  24.6 (C-7'), 

93.9 (C-α), 104.2 (C-3), 109.2 (C-5), 116.0 (C-

1), 123.2 (C-6'), 126.4 (C-2'), 128.2 (C-4'), 

128.6 (C-5'), 130.6 (C-1'), 131.8 (C-6), 138.1 

(C-3'), 164.1 (C-4), 164.4 (C-2), 184.5 (C-β), 

189.9 (C-γ); MS (ESI): m/z 270.056 (M+). 

 1-(2,4-Dihydroxyphenyl)-3-(4'-methylphenyl) 

propane-1,3-dione 2e.  

IR (KBr) νmax/cm-1: 3425 (OH), 1710 (C=O); 

1H NMR (CDCl3) δ/ppm: 2.45 (s, 3H, CH3), 

5.15 (s, 1H, Ar-OH),  6.72 (s, 1H, -CH=C-), 

6.82-7.45 (m, 4H, H-3, H-5, H-3', H-5'), 7.72 

(dd, 1H, J= 8.0 Hz & 2.0 Hz, H-6), 7.80-7.92 

(m, 2H, H-2', H-6'), 12.30 (s, 1H, Ar-OH), 

15.48 (s, 1H, enolic OH); 13C NMR (CDCl3): 

δ/ppm: 24.2 (C-7'), 94.1 (C-α), 104.2 (C-3), 

109.4 (C-5), 116.1 (C-1), 126.6 (C-2'), 126.6 

(C-6'), 127.4 (C-1'), 129.4 (C-3'), 129.4 (C-5'), 

131.8 (C-6), 137.4 (C-4'), 164.2 (C-2), 165.4 

(C-4), 184.7 (C-β), 190.1 (C-γ); MS (ESI): m/z 

270.071 (M+).  

1-(2,4-Dihydroxyphenyl)-3-(2'-chlorophenyl) 

propane-1,3-dione 2f.  

IR (KBr) νmax/cm-1: 3435 (OH), 1715 (C=O); 

1H NMR (CDCl3) δ/ppm: 5.05 (s, 1H, Ar-OH), 

6.90-7.92 (m, 8H, H-3, H-5, H-6, -CH=C-, H-

3', H-4', H-5', H-6'), 12.18 (s, 1H, Ar-OH), 

15.57 (s, 1H, enolic OH);      13C NMR (CDCl3): 

δ/ppm: 93.4 (C-α), 104.1 (C-3), 109.2 (C-5), 

115.8 (C-1), 126.6 (C-5'), 128.6 (C-3'), 129.6 

(C-4'), 130.4 (C-6'), 131.1 (C-2'), 131.6 (C-1'), 

133.2 (C-6), 163.8 (C-2), 165.1 (C-4), 185.4 

(C-β), 190.3 (C-γ); MS (ESI): m/z 290.03 (M+). 

1-(2,4-Dihydroxyphenyl)-3-(3'-chloro-

phenyl)propane-1,3-dione 2g.  

IR (KBr) νmax/cm-1: 3425 (OH), 1707 

(C=O); 1H NMR (CDCl3) δ/ppm: 5.10 (s, 1H, 

Ar-OH), 6.85-8.0 (m, 8H, H-3, H-5, H-6, -

CH=C-, H-2', H-4', H-5', H-6'), 12.17 (s, 1H, 

Ar-OH), 15.60 (s, 1H, enolic OH);      13C NMR 

(CDCl3): δ/ppm: 93.6 (C-α), 104.5 (C-3), 109.1 

(C-5), 116.0 (C-1), 124.6 (C-6'), 126.4 (C-2'), 

128.2 (C-4'), 131.0 (C-5'), 131.6 (C-1'), 132.5 

(C-6), 134.2 (C-3'), 163.4 (C-2), 164.4 (C-4), 

185.0 (C-β), 190.2 (C-γ); MS (ESI): m/z 

290.03 (M+). 

1-(2,4-Dihydroxyphenyl)-3-(4'-chloro-

phenyl)propane-1,3-dione 2h.  

IR (KBr) νmax/cm-1: 3425 (OH), 1712 

(C=O); 1H NMR (CDCl3) δ/ppm: 5.20 (s, 1H, 

Ar-OH), 6.72 (s, 1H, -CH=C-), 6.88-7.45 (m, 

4H, H-3, H-5, H-3', H-5'), 7.72 (dd, 1H, J= 8.0 

Hz & 2.0 Hz, H-6), 7.85-7.95 (m, 2H, H-2', H-

6'), 12.25 (s, 1H, Ar-OH), 15.45 (s, 1H, enolic 

OH); 13C NMR (CDCl3): δ/ppm: 94.2 (C-α), 

104.3 (C-3), 109.4 (C-5), 116.2 (C-1), 127.2 

(C-2'), 127.2 (C-6'), 128.2 (C-1'), 128.6 (C-3'), 

128.6 (C-5'), 132.2 (C-6), 133.2 (C-4'), 163.3 

(C-2), 164.6 (C-4), 185.1 (C-β), 190.1 (C-γ); 

MS (ESI): m/z 290.033 (M+). 

RESULTS AND DISCUSSION 

2-Aroyloxy--4-hydroxyacetophenone prepa-

red by esterification of resacetophenone with 

aromatic carboxylic acids was ground with 

pulverized potassium hydroxide in a mortar by 

pestle at room temperature in the absence of 

any solvent (Scheme 1). The progress of the 

reaction was checked by thin layer 

chromatography (TLC) when the reactants 

were found to have reacted almost completely 

in 5 minutes and it had to be kept at room 

temperature for another 5-10 minutes for the 

completion of the reaction. During grinding the 
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Table 1. Physical data of 1-(2,4-dihydroxyphenyl)-3-aryl-propane-1,3-diones synthesized 

Compound Yield / % 
Time/min 

(a+b) 
mp / oC 

Lit. mp / oC [25] 

 

2a 82 5+5 156-158 158-159 

2b 80 5+10 190-192 189-190 

2c 84 5+10 163-165 164-165 

2d 90 5+5 135-136 136-137 

2e 86 5+5 170-171 170-171 

2f 80 5+5 149-151 151 

2g 84 5+10 125 124-125 

2h 80 5+10 210-212 210-211 
a- Time for grinding 

b- Time at which the reaction mixture was kept at room temperature

reaction mixture absorbed moisture which was 

found to be sufficient to make the reaction 

mixture homogeneous. The product is also 

recovered simply by acidification of the 

reaction mixture in ice-cold water and avoids 

the need for organic solvent extraction of the 

compound. Attempt was also made using other 

bases such as barium hydroxide, calcium 

hydroxide, and calcium oxide which proved to 

be futile. 

The validity of the reaction was established 

by converting differently substituted 2-

aroyloxy-4-hydroxyaceto-phenones into 1-(2,4-

dihydroxyphenyl)-3-aryl-propane-1,3-diones in 

high yield (Table 1). 

CONCLUSION 

In conclusion, it can be stated that the 

present protocol for the for the synthesis of 1-

(2,4-dihydroxyphenyl)-3-aryl-propane-1,3-

diones is highly efficient and eco-friendly as it 

avoids the use of organic solvents at any stage 

of the reaction. 
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ПРОСТА СИНТЕЗА НА 1-(2,4-ДИХГИДРОКСИФЕНИЛ)-3-АРИЛ-ПРОПАН-1,3-

ДИОНИ ЧРЕЗ ПРЕГРУПИРАНЕ НА BAKER-VENKATARAMAN ПРИ ОБИКНОВЕНИ 

ТЕМПЕРАТУРИ БЕЗ РАЗТВОРИТЕЛ    

Д. Шарма*1, С. Кумар2 

1Департамент по химия, BRCM Колеж по инженерство и технология, Бахал, Индия 
2Департамент по химия, Технологичен институт по текстил и наука, Бхивани, Индия 

Получена на 17 декември, 2012 г.; коригирана на 4 февруари, 2013 г. 

(Резюме) 

Описан е прост и високоефективен метод за синтезата на 1-(2,4-дихидроксифенил)-3-арил-пропан-1,3-

диони чрез прегрупирането на Baker-Venkataraman, включващ смилането на 2-ароилокси-4-

хидроксиацетофенони с пулверизиран калиев хидроксид при стайна температура в отсъствие на разтворител. 

Структурата на тези съединения е идентифицирана от тяхните спектрални данни (FT IR, 1H NMR, 13C NMR, 

мас-спектрометрия). Процедурата не избягва използването на опасни реактиви и органични разтворители при 

всеки етап от реакцията. 
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The kinetic study of 3-chloroacetyl acetone with various thioureas has been carried out in 

ethanol. In this study thioureas used are m-methyl phenylthiourea, m-methoxy phenylthiourea, m-

ethoxy phenylthiourea and m-chlorophenyl thiourea. The kinetic study reports second order rate 

constants for these reactions. The rate of reaction is first order with respect to thioureas and first 

order with respect to 3-chloroacetyl acetone. The effect of substituents on the rate of reaction is also 

studied. Thermodynamic parameters are used to explain the nature of reactions. The proposed 

reaction mechanism and details of Kinetics for various reactions were studied.  

Keywords: Kinetics, Thiazole, Cyclisation 

INTRODUCTION 

Sulphur and nitrogen containing organic 

compounds are gaining importance in synthetic 

and pharmaceutical fields. Thiourea and their 

derivatives are well known intermediates in the 

synthesis of clinically important heterocycles 

like thiazoles, 4-thiozolidinones and 

benzothiozoles. Thioureas are commercially 

used in photographic films, plastics and 

textiles. Certain thiourea derivatives are 

insectides, rhodenticides and pharmaceuticals. 

Some of the thioureas are screened for 

anticancer activity. Thioureas have shown 

antibacterial [1], antipyretic [2], hypnotic [3] 

and fungicidal [4] activity. Thiazoles are found 

in medicaments [5] like vitamin-B, 

sulphathiozoles, promizole, niridazole, 

aminotrizole and tetramisole. Kinetics and 

mechanism of reaction between thiourea and 

iodate in buffer medium has been studied [6]. 

The kinetic study of reaction of thiourea with 

formaldehyde is also reported [7]. Reaction 

kinetics of gold dissolution in acid thiourea 

solution using ferric sulphate as oxidant was 

investigated with rotating disk technique [8]. 

The kinetics of formation of chromium(III) – 

iminodiacetic acid complex has been studied in 

temperature range 35 – 55 0C 

spectrophotometrically. The study shows rate 

of reaction is first order with respect to 

chromium(III) and rate of increases with 

increase in temperature [9]. The kinetics of 

oxidation of thiourea and N-substituted 

thioureas  and the corresponding formamidine 

disulfides by sodium N-chloro-p-

toluenesulfonamide or chloramine-T (CAT) in 

the presence of HClO4 has been studied at 278 

K [10]. The kinetics of the reaction between 

vitamin C (L-ascorbic acid) and ferric chloride 

hexahydrate was investigated in acidic medium 

at pH 3 spectrophotometrically. The order of 

the reaction was established by applying 

different methods. The order of the reaction 

with respect to each reactant was found was 

first and the overall second order was 

recommended for the reaction [11]. Kinetic 

investigation in rhodium(III) catalyzed 

oxidation of D-Mannitol in an acidified 

solution of potassium bromate in the presence 

of Hg(OAc)2 as a scavenger, have been studied 

in the temperature range of 300 - 450 0C [12]. 

Kinetic and thermodynamic study on the 

adsorption behavior of Rhodamine B dye on * To whom all correspondence should be sent: 

E-mail: zaware@india.com; shashi17@gmail.com 

© 2014 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria 
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Duolite C-20 resin has been reported. The 

effects of various experimental factors; sorbent 

amount, contact time, dye concentration and 

temperature, were studied by using the batch 

technique [13]. 

We have reported kinetic study of reaction 

of chloroacetone with p-substituted phenyl 

thioureas [14]. We have also reported kinetics 

of reaction of 3-chloroacetyl acetone with p-

substituted phenyl thioureas [15]. Literature 

survey reveals that there is no work on kinetic 

study of reaction of 3-chloroacetyl acetone 

with m-substituted phenyl thioureas. 

EXPERIMENTAL 

Apparatus 

The pH of thiazole hydrochloride 

solution was measured by digital pH meter. 

(EQUIPTRONICS, EQ-614A) 

Reagents 

All the reagents used were of analytical 

reagent grade unless otherwise stated; double 

distilled water was used throughout the 

experimental work. 

 Aryl thioureas were prepared by Frank and 

Smith method [16]. The 3-chloroacetyl acetone 

(Merck India), diethyl ether (Qualigens) were 

used for this work. The standard solutions of 3-

chloroacetyl acetone and thioureas were 

prepared in double distilled absolute alcohol.  

General procedure 

 Kinetic measurements were carried out 

at different concentrations of reactants and 

temperatures. A solution containing appropriate 

amount of thiourea which is thermostated at 

particular temperature was added in the 

solution containing appropriate amount of 3-

chloroacetyl acetone at same temperature. At 

different time intervals definite volume of 

aliquot was added to a mixture of diethyl ether 

and water. It was shaken immediately and 

aqueous layer containing thiozole 

hydrochloride was separated, diluted to definite 

volume with distilled water. The pH of thiazole 

hydrochloride solution formed was measured 

by digital pH meter. Equal amounts of thiourea 

and 3-chloroacetyl acetone were mixed under 

the similar experimental conditions and kept 

overnight. The reaction mixture was then 

cooled and poured on crushed ice. It was 

extracted with ether to remove the unreacted 

reactants. The aqueous layer was neutralized by 

sodium hydroxide. The white solid obtained 

was crystallized from ethanol.  

RESULTS AND DISCUSSION 

The stoichiometric study indicates that one 

mole of thiourea reacts with one mole of 3-

chloroacetylacetone. The rates of reaction were 

measured at different concentration of 

thioureas at constant concentration of 3-

chloroacetylacetone. The plot of log (dc/dt) 

against log [3-chloroacetylacetone] is also 

straight line by keeping concentration of 

thioureas constant.The slope of the graph is 1.0 

(Fig. 1). The plot of log (dc / dt) against log 

[thioureas by keeping concentration of 3-

chloroacetylacetone constant it is also strate 

line and slop of the plot is one. The overall 

order of reaction is 2. By using Van’t Hoffs 

differential method [17] the order of reaction 

with respect to 3-chloroacetylacetone and 

thioureas was also determined. Second order 

rate constants were determined at five different 

temperatures. The energy of activation (Ea*) 

was determined by plotting graph of log k 

verses 1/T (Fig. 2) and other thermodynamic 

parameter were calculated, [Table.1]. The 

entropies of activation (S*) of these reaction 

are negative indicates rigid nature of the 

transition state. The negative value of entropies 

of activation (S*) also indicates that less 

stable noncyclic reactant convert into stable 

cyclic products [18]. Almost equal values of 

free energy of activation (F*) for all thioureas 

indicates that probably a similar type of 

mechanism prevails in all cases [18]. When 

rate constant for the reaction are compared, the 

thiourea is found to be more reactive than the 

substituted phenyl thiouras. This may be due to 

the presence of II-electron in benzene ring. The 

phenyl thiourea and m-methyl phenyl thiourea 

show nearly same rate constants. This may be 

due to small effect of methyl group due to 

hyper conjugation and inductive effect. The m-

ethoxy phenyl thiourea shows higher rate of 

reaction due to mesomeric effect. The m-

chlorophenyl thiourea shows lower rate of 
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reaction due to negative inductive effect of 

chloro group [19-20]. It is found that, the 

reaction is second order, first order with respect 

to thioureas and first order with respect to 3-

chloroacetylacetone. The rate constants 

calculated from second order rate law are fairly 

constant [Table. 2]. 

Based on these facts, the following general 

mechanism and rate expression is proposed. 
  k1 Slow                 Fast 

S1 + S2                                                 [Intermediate]                 products (1) 

                          k-1                  k2  
S1 stands for 3-chloroacetylacetone and S2 

stands for thioureas. 

Rate of reaction = k1 [S1] [S2] – k-1 [Intermediate]                                                   (2)  
 On applying steady state approximation. 

d / dt [Intermediate] = o = k1 [S1] [S2] – k-1 [Intermediate] – k2 [Intermediate]       (3)  

k1 [S1] [S2] 

[Intermediate] =                            (4) 

      k-1 + k2  

Substituting the value of [Intermediate] in 

equation (2) 
                                                                k1 k-1  [S1] [S2] 

Rate of reaction = k1 [S1] [S2]  –             –––––––––––––                (5) 

                                                                    k-1 + k2  
                                                      k-1 k1 

Rate of reaction =        k-1     –  –––––––           [S1] [S2]                               (6) 

 
The order of reaction is two (Reaction 

mechanism). The derived rate law explains all 

the observed experimental facts. 

CONCLUSION 

The order of reaction between 3-

chloroacetylacetone and thiourea is found to be 

two. 

The proposed rate law also shows that the 

rate of reaction is two. 

Nearly equal values of free energy (F*) 

indicates that same type of reaction mechanism 

prevails. 

Decrease in entropy (S*) indicates that, 

from open chain reactants the cyclic product is 

formed. 
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КИНЕТИЧНО ИЗСЛЕДВАНЕ НА ОБРАЗУВАНЕТО НА ТИАЗОЛ ЧРЕЗ 

ЦИКЛИЗАЦИЯ 
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(Резюме) 

Извършено е кинетично изследване на взаимодействието на 3-хлороацетилацетон с различни производни на 

тиокарбамида в етанол. Производните на карбамида са m-метил-фенилкарбамид, m-метоксифенилкарбамид, m-

етоксифенилкарбамид и m-хлорофенилкарбамид. Порядъкът на реакциите е първи по отношение на 

тиокарбамидните производни, както и за 3- хлороацетилацетон. Изследван е и ефектът на заместителите върху 

скоростта на реакциите. Използвани са термодинамични параметри за обяснението на природата на реакциите. 

Изследван е предложеният механизъм на реакциите и подробности за кинетиката им.  
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 The research provides the basis for development of a new environmental material with controllable characteristics, 

suitable for producing of value-added carbon/silica containing materials. The subject of the study is to determine the 

influence of the pyrolysis temperature on the specific surface area and porosity of charcoal obtained by slow pyrolysis 

in the temperature range 250-700°C of acid leached rice husks.   

The char’s structure was set out by the mercury porosimetry and Brunauer-Emmett-Teller method. The phase 

composition of the solid residue after pyrolysis and carbon/silica ratio therein has been determined by thermal analysis 

(TG/DTA/MS) and XRD. The morphology of the materials has been studied using scanning electron microscopy.         

It was established that the slow pyrolysis in the investigated temperature range results in a solid residue with 

predominantly macro-porous structure and pore size distribution between 50 and 200 µm. The sample obtained at 480oC 

is characterized by the largest total pore volume and the largest average pore diameter. With increasing the pyrolysis 

temperature C:SiO2 ratio in the solid pyrolysis residue decreased  from 1.38 to 0.85 and specific surface area increased 

from 7.0 up to 440.0 m2 g -1. 

Keywords: rice husk; pyrolysis; porosity; specific surface area; morphology 

1. INTRODUCTION 

In recent years, in relation with the periodical 

energy crises and the depletion of raw material 

stocks, particular attention is paid to obtaining 

energy and value-added products from renewable 

agricultural wastes. The rice husks, a by-product of 

the rice milling industry are produced in large 

quantities as a waste. The limited applicability of 

the rice husks as foodstuff for cattle is creating an 

ecological problem, connected with the storage and 

management of huge amounts of waste. On the 

other hand the specific phase composition, structure 

and properties of the husks renders them suitable 

for preparing different C/SiO2 containing materials 

[1,2]. The rice husks possess, although a low, 

caloric effect. So they can be considered also as a 

renewable power source [3]. In recent years are 

offered different methods associated with the 

conversion of rice husks into the high-tech products 

[4-6].  

Between the thermo-chemical conversion 

methods for processing of biomasses most often 

used pyrolysis. The process is related to obtaining a 

liquid phase, char and gaseous fractions (fuel 

gases). There are two approaches for the conversion 

technology. So called conventional pyrolysis, is to 

maximum the yield of pyrolysis oil and/or fuel gas. 

The conditions are high temperature and high 

heating rate. The second enhanced the char 

production at the low temperature and low heating 

rate. One of the possible applications of solid 

pyrolysis residue is use it directly or after activation 

as biosorbents [5,7]. They are biodegradable and 

have high adsorption properties resulted from their 

morphology and surface functionalities [8].There is 

no need to regenerate them because of the low 

production cost [5,9,10]. Their application is a good 

practice and has received much attention in sorption 

of various organic or inorganic pollutants from 

aqueous medium [11,12].  

The use of the solid pyrolysis residue as 

adsorbent is related to obtaining of a material with 

suitable porous structure, high specific surface area 

and surface functionalities which providing a high 

adsorption capacity and selectivity [13,14]. Ways to 

get the carbon containing adsorbents with a 

developed porous structure are the use of suitable 

activating agents and/or controlling the pyrolysis 

conditions [15-17].    

There have been several reports on the pyrolysis 

of rice husks which deal with the relation between 

the pyrolysis conditions with char structure. The 

development of advanced fast pyrolysis processes 

for bio-oil production has gained much attention * To whom all correspondence should be sent: 

E-mail: uzunov_iv@svr.igic.bas.bg © 2014 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria 
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recently, because they offer a convenient way to 

convert agriculture wastes into biofuels and 

carbonaceous value-added products. That is why 

the studies are related to determination the impact 

of the temperature, heating rate and pressure on the 

quantity, phase composition and morphology of 

final products in fast pyrolysis.  Hu et al. [18] 

determined the pyrolysis reactivity’s of rice husk 

char and the evolution characteristics of char 

structure during rapid pyrolysis. Liou [19] 

investigated the effect of heating rates on the 

morphology and chemistry of the products from 

carbonization of rice husks. Kumagai et al. [20] and 

Bharadwaj et al. [21] also published data which 

dealt with the relationship between the fast 

pyrolysis conditions and char structure. The general 

conclusion is that the fast pyrolysis is associated 

with obtaining a small amount of solid pyrolysis 

residue with predominantly microporosity and 

narrow pore size distribution. These can be 

explained by the very fast decomposition of lignin-

cellulose matter and evolution of volatiles during 

rapid pyrolysis, thus leaving a highly microporous 

structure. 

It is reasonable to expect that the slow pyrolysis 

will lead to other, different phase and structural 

changes in solid pyrolysis residue. 

In this study, the slow pyrolysis which provides 

a high yield of solid residue was used in a fixed bed 

induction heated reactor. In particular, the impact of 

pyrolysis temperature at a constant heating rate and 

retention time on the pore structure of rice husks 

char was investigated. The effect of the pyrolysis 

temperature on the carbon:SiO2 ratio in solid 

pyrolysis residue was also discussed. 

The results indicated that the slow pyrolysis 

temperature had an essential impact on the char’s 

structure. The resulting solid pyrolysis products are 

characterized by a varied in size porous structure. 

The same is formed predominantly by meso- and 

macro pores with a wide range of pore size 

distribution. This fact is important when the solid 

residue from thermo-cracking of rice husks will be 

used as adsorbent [22-24]. 

2. EXPERIMENTAL 

2.1 Materials 

Rice husks (RH) were obtained by rice threshing 

performed in 2010 from Pazardjik region, Bulgaria. 

The husks with prevailing particle size above 5 mm 

were initially washed several times with water to 

remove any mechanical impurities. Determined 

amount of ash in the raw rice husks is 21 wt.%. 

Except the main quantity of amorphous silica, the 

ash contains some other inorganic admixtures listed 

in Table 1. To reduce the content of these 

admixtures RH were treated with 12 N HCl, at 

hydro-module 3:1, for 3 hours at the boiling 

temperature of the acid. A reflux condenser was 

used. The acidified sample was washed with 

deionized water until pH 6.5 was reached and dried 

at 110° C to a moisture content less than 5 wt.%.  

2.2 Pyrolysis 

A weighted amount of the so pretreated husks 

were pyrolysed in a temperature interval   250-700° 

C. The following series of samples, designated as 

B1 (250°С), В2 (350°С), В3 

 (480°С) and B4 (700°С) were obtained. The 

fixed bed slow pyrolysis experiments were 

performed in a vertical tube stainless steel 

electrically heated reactor, equipped with 

temperature controllers, under a residual pressure of 

1.33 Pa. The reactor comprised a 240 mm (L) x 40 

mm (ID) with 170 mm long heated zone. The liquid 

products were collected in a trap between the 

reactor and vacuum pump, maintained at the 

temperature of 2-3° C. The temperature in the 

reactor was increased linearly from room 

temperature up to the value needed for pyrolysis 

with a heating rate of  4° min-1 and temperature 

retention for 4 hours. The time within which the 

temperature is maintained constant, is defined as 

“retention time”. The sample was taken out after 

cooling the system down to room temperature, at 

atmospheric pressure. The yields of the solid 

pyrolysis residue were calculated based on the mass 

of raw rice husks fed. 

2.3 Samples characterizations 

The carbon/SiO2 weight ratio in the solid 

pyrolysis residues has been determined applying 

thermal analysis (TG/DTA) accomplished with a 

SETARAM LabsysEvo device, in a corundum 

crucible, at a heating rate of 10° min-1 in air. A 

mass spectrometer detector coupled to the device 

was used for the evolving gas analysis. The signals 

for mass numbers of 18 and 44 were continuously 

detected.  

The phase composition of the samples has been 

carried out on the basis of the data, recorded by a 

diffractometer Philips ADP 15 with Cu Kα 

radiation. 

Area of the pores as well as the bulk density was 

determined by mercury intrusion porosimetry on a 

MICROMERITICS Auto-Pore 9200 apparatus. 

Volume intrusion curves were obtained for every 

sample from 0.01 up to 34.84 MPa pressure, which 
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corresponded to a pore diameter range from 262.7 

µm to 0.042 µm. Prior to  

porosimetry analysis the samples were dried at 

110° C for 48 h.  The specific surface area was 

assessed by BET nitrogen adsorption measured in a 

static volumetric device Area Meter, Strolein. 

The morphology of the surface of the raw rice 

husks and pyrolyzed ones was observed with SEM 

using JEOL- Superprobe 733 microscope, applying 

the appropriate magnification.  

 The total ash content into the raw RH was 

analyzed gravimetrically. The inorganic admixtures 

were determined by flame atomic absorption 

analysis (AAA) by spectrometer Solar M. 

3. RESULTS AND DISCUSSION 

3.1 Phase composition and morphology 

The data of the inorganic admixture amount in 

the raw RH before and after treatment with 

hydrochloric acid evaluated by AAA are presented 

in Table 1. 

Table 1. Inorganic admixture amount in the raw RH 

before and after acid treatment. 

Element Amount, wt.% 

Carbon 38.4 

Hydrogen 4.3 

Oxygen 36.08 

The low content of inorganic admixtures in the 

ash residue of leaching rice husks is reason 

hereafter to talk about phase of silica in solid 

pyrolysis residue. 

 The elemental microanalysis was used to 

investigate the carbon/silica weight ratio in the acid 

treated raw rice husks, Table 2. According to the 

results obtained the carbon/silica weight ratio in the 

acid leached raw rice husks amounted to 1.81 

weight percent. 

Table 2. Elemental composition of acid leached raw RH. 

Element 

 
In raw RH, µg g-1 

After leaching, 

µg g-1 

K 580 62 

Na 370 60 

Fe 330 38 

Ca 103 *BDL 

Cu 12 BDL 

Mn 10 BDL 

Zn 7 BDL 

Mg 5 BDL 
*BDL, below detection limit. 

On the basis of the thermogravimetric analysis 

data, Fig. 1 (a) the weight С:SiO2 ratio in the 

samples B1-B4 has been determined. The effect of 

pyrolysis temperature on the yield and carbon/silica 

ratio of the chars is shown in Table 3.  

Table 3. Yield of the carbon-containing residue and C: 

SiO2 weight ratio as a function of the pyrolysis 

temperature. 
Sample Tpyrolysis,  

oC 

Yield, 

wt.% 

Ratio 

C:SiO2 

B1 250 58 1.38 

B2 350 52 1.08 

B3 480 49 0.96 

B4 700 46 0.85 

Actually the char represents a mixture of some 

quantity undecomposed residues of the lignin-

cellulose material, highly carbonized rice husks and 

silica. The change of the C/SiO2 ratio shows that 

with increasing of pyrolysis temperature the solid 

pyrolysis residue become increasingly less 

carbonaceous in nature and vice versa for the silica.  

The thermal effects (DTA) and gas formation 

rates under conditions of linear temperature 

increase, in air medium for samples В1-В4 are 

presented on Figures 1(b) and (c). 

The rice husks as a lignocelluloses’ material is 

composed of various type biopolymers containing 

cellulose, hemicellulose, lignin and amorphous 

SiO2 [4]. The chemical nature of biogenic silica in 

rice husks has discussed by a number of authors 

[25,26]. Upon pyrolysis condition in rice husks start 

some destruction processes. Hemicellulose started 

its decomposition easily; cellulose pyrolysis takes 

place at a higher temperature range while the lignin 

decomposes at a slow rate in the entire operating 

temperature interval [24]. The degradation 

reactions include depolymerization, dehydratation, 

decarboxilation and oxidation of the 

lignocelluloses’ matrix.  

  For example: sample В1, obtained at 250º С, 

contains in itself not completely decomposed 

residuals of cellulose and lignin. The exothermal 

effect in the interval 210 - 370º С is associated with 

the destruction of the remaining quantity of 

cellulose, contained in this sample. The process is 

accompanied by the evolving of the main quantity 

of water and a small amount of СО2, as a 

consequence of the decomposition of the nuclei of 

the cellulose chain. The second exothermal effect 

with a maximum at 440о С corresponds to the full 

destruction of the lignin residuals and oxidation of 

the char, completed at 540о С. As a result of the 

decomposition of the condensed nuclei of the lignin 

mainly СО2 is liberated.   

The results from TA/MS analysis of samples 

B2-B4 confirmed the presence of undecomposed 

part of the lignin-cellulose material in the solid 

pyrolysis residue. According to the data of the TG 

analysis, the moisture content in carbonized rice 

husks amounted to 5 wt. %.  
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Fig.1. TG curves (a); DTA curves (b); gas formation rates and products distribution (c) during the thermal analysis of 

the samples in air atmosphere 

The results from TA/MS analysis of samples 

B2-B4 confirmed the presence of undecomposed 

part of the lignin-cellulose material in the solid 

pyrolysis residue. According to the data of the TG 

analysis, the moisture content in carbonized rice 

husks amounted to 5 wt. %.                 

The X-ray diffraction patterns of the samples are 

presented in Fig. 2. The possible bonding of silicon 

with monosaccharides in rice husks has already 

been represented by Patel et al. [27]. The pyrolysis 

causes a decomposition of the organic material and 

breaking of the bonds between silicon and the 

organic matrix. The Si-O groups become attached 

to one another to produce a low form of cristobalite 

and tridimite.  The resulting material, containing a 

mixture of amorphous silica and carbon show an 

XRD pattern with a broad maximum. The results 

also corroborate the formation of a porous network 

in the samples.  The halo observed at about 2Ө 22° 

corresponds to the presence of amorphous SiO2 

[28], but also shows the typical turbostratic 

structure with interlayer distances of graphenes 

substantially higher than those in graphite. The halo 

at 2Ө  44° is typical for carbonized cellulose and 

reflects the initial formation of (100) planes, related 

to the graphite structure [29]. It becomes more 

pronounced with increasing the temperature of 

pyrolysis. 
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Fig.2. XRD patterns of the pyrolyzed RH 

The cellulose and hemicellulose under 

conditions of pyrolysis degrade under 

cycloreversion and dehydration followed by 

transglycosylation. The mechanism of 

decomposition of lignin also occurs via dehydration 

[30]. The process is accompanied by intensive 

liberation of gases and liquid phase, containing 

different hydrocarbon compounds, CO, CO2 and 

H2O. The rapid mass transfer from the inside of the  
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Fig.3. Micrographs of raw RH (a), outer epidermis (b), cross-section (c) and inner epidermis (d) of rice husks 

carbonized at 480° C.

particles to the surface caused structural evolution 

and morphological changes of the solid residue. 

Some part of fluids is being deposited on the char 

surface, determining its surface functionalities. 

Change in the morphology of rice husks in the 

pyrolysis process, studied by means of scanning 

electron microscopy, is demonstrated in Fig. 3.   

A typical structure with granular formations 

located linearly on the outer epidermis as well as 

the fibrous structure of the inner epidermis can be 

seen in Fig. 3(a). It was established that the silica is 

concentrated predominantly in the outer surface and 

in a less amount in the inner surface of the RH [31]. 

After carbonization the rice husks appear to be 

cracked, Fig. 3(b). The size of small grains on the 

outer epidermis is reduced. Nevertheless the 

corrugated structure of the outer epidermis was kept 

in the solid pyrolysis residue. This means that after 

carbonization the solid pyrolysis residue retains 

skeleton of lignocelluloses’ matrix, building the cell 

walls in which remains dispersed amorphous silica. 

After pyrolysis the lamellar inner epidermis 

remains undestroyed, Fig. 3(d). Evaporation of 

volatile matters creates in interior structure of the 

pyrolyzed RH many pores of different size with 

rough surface and irregular outlet, Fig. 3(c).  

The increase of the pyrolysis temperature leads 

also to a change in the specific surface area of the 

obtained materials, varying in a range from 7 up to 

440 square meters per gram, Fig. 4.  
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Fig.4. Dependence between BET specific surface area of 

the samples and the pyrolysis temperature. 

3.2 The pore size distribution 

The pore size distribution is a function of the 

pyrolysis temperature and phase composition of the 

lignocelluloses precursor. This is the most 

important dimension for characterizing the 

structural heterogeneity of the solid residue and is 

closely related to kinetic properties of porous 

materials [20]. 

The porosity characteristics of the samples, 

determined by mercury porosimetry are depicted in 

Table 4. The experimentally obtained data 

demonstrate that the porosity, respectively the total 

volume of the pores of samples В1, В2 and В4 have 
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similar values while the values for sample В3 are 

higher with about 9%. The sample В3 is 

characterized also by the greatest average pore 

diameter and the lowest bulk density. 
Table 4. Porosity characteristics of the samples 

determined by mercury porosimetry. 

Characteristics В1 В2 В3 В4 

Total pore 

volume, cm3 g-1 

0.898 0.814 1.053 0.778 

Porosity, % 52.38 52.04 57.09 52.95 

Total pore area, 

m2 g-1 

6.652 6.369 5.869 5.164 

Average pore 

diameter, m 

0.540 0.511 0.718 0.603 

Bulk density, g 

cm-3 

0.583 0.640 0.542 0.680 

The differential curves of the pore volume 

distribution with respect to diameter for the B1-В4 

samples are exhibited in Fig. 5. All the porosity 

diagrams have a similar appearance, which shows 

that the analyzed samples possess pores with sizes 

varying within a wide range of values. The main 

share of all the pores belongs to the pores with 

large volumes and diameters within the interval 50-

200 m. 

The maximum peak in the differential 

distribution curves for all four samples corresponds 

to the percentage of the total pore volume, as 

follows: 

 For В1 - 14.9 %; 

 For В2 - 14.6 %  

 For В3 - 24.0 % and  

 For В4 - 18.0 %. 
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Fig.5. Pore volume distribution by pore diameter for 

samples B1-B4. 

The results demonstrate that the prepared 

carbonized rice husks possess multi macroporous 

structure. The presence of the such structure, as a 

rule ensures high sorption ability of the material 

[32].  

The theory of mercury porosimetry 

conditionally accepts that the diameter, determined 

by the integral dependence with respect to the pore 

volume and pore surface area at which there starts a 

steep increase is the value, dividing the pores in 

two kinds: “micro” pores, with pores diameter less 

than the value of the inflection point and “macro” 

pores, Fig. 6.  

It should be noted that in according to IUPAC 

the classification of the pores as micro-, meso- and 

macropores is subject to certain requirements for 

the pore-width [33].  

Table 5 represents the conditional dividing of 

pores in view of their size in the prepared samples.    

Table 5. Provisionally pore size distribution in the 

pyrolyzed rice husks. 

Characteristics В1 В2 В3 В4 

Value of the 

inflection point, 

m 

1.88 1.76 2.13 1.93 

Volume of 

“micro” pores,  

cm3  g-1 

0.3676 0.3731 0.3424 0.3530 

Percent of 

“micro” pores, 

% 

40.9 45.9 32.5 45.4 

Volume of 

“macro” pores, 

cm3 g-1 

0.5304 0.4406 0.7110 0.4252 

Percent of 

“macro” pores, 

% 

59.1 54.1 67.5 54.6 

The porosity characteristics of sample В3 can be 

explained by the fact that the pyrolysis in this case 

has been carried out at temperature, which 

guarantees the destruction of all the components 

building up the cell walls of the rice husks. The 

volatile degradation products are in large amount 

and should escape from the char without delay. 

This leads to the obtaining of a material with a 

maximum quantity of the so-called closed type of 

pores. The temperatures lower than 480° С, cause 

as a result only a slow thermal cracking of the 

lignin-cellulose material, which does not ensure a 

sufficient development of a porous structure of the 

obtained composite. The increasing pyrolysis 

temperature enhances also the effect of 

dehydroxylation via conversion of silanol groups to 

siloxane bridges leading to opening of pores. 

However the pyrolysis at 700° С leads to a  
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 Fig.6. Characteristic integrated distribution curves of the volume and the surface area by the pore diameter for  samples 

B1-B4. 

complete decomposition of the organic matrix, 

associated with destroying of the organic-mineral 

structure. On the other hand thermal treatment at 

higher temperature causes modifications in the 

textural and structural characteristics of the carbon 

skeleton as a result of the sintering effects [34].  

4. CONCLUSION 

Summarizing, the results evidenced that in the 

conditions of slow pyrolysis of rice husks the 

pyrolysis temperature had a strong influence on the 

char’s structure and phase composition. 

The increasing pyrolysis temperature leads to 

produce of composite materials, possess multi 

porous structure in which main part occupies the 

pores with size distribution between 50 and 

200 µm. While the volume of pores with a diameter 

less than 2.0 µm, for the investigated temperature 

range remains almost the same. The pyrolysis 

temperature of 480oC could be pointed as optimal 

for obtaining C/SiO2 containing materials by slow 

pyrolysis of rice husks. The charcoal, obtained at 

this temperature is characterized with high specific 

surface area and advanced meso-  and macroporous 

structure. The texture characteristics and 

availability of appropriate surface functionalities of 

sample B3 give us the reason to expect from the 

sample high adsorption activity in regard to 

adsorption of organic and inorganic pollutants from 

aqueous medium.  
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ИЗМЕНЕНИЯ В СТРУКТУРАТА НА ТВЪРДИТЕ ОСТАТЪЦИ ОТ БАВНАТА ПИРОЛИЗА 
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(Резюме) 

Изследването дава основата за разработването на нов екологично съобразен материал   с контролирани 

характеристики, подходящи за производството на материали от втглерод и силициев диоксид с добавена 

стойност. Предмет на изследването е да се определи влиянието на температурата на пиролиза върху 

специфичната повърхност и порьозността на въглена, получен при бавна пиролиза в температурния интервал 

250-700°C на оризови люспи, излужени с киселина. Структурата на въглена е определена с живачна 

порьозиметрия и БЕТ-метода. Фазовият състав на твърдия остатък след пиролизата и отношението 

въглерод/силициев диоксид в него са определени чрез термичен анализ (TG/DTA/MS) и XRD. Морфологията на 

материала е изучен чрез сканираща електронна микроскопия. Установено е, че бавната пиролиза в изследвания 

температурен интервал дава твърд остатък с предимно макро-порьозна структура и разпределние на размера на 

порите между 50 и 200 µm. Образците, получени при 480oC се характеризират с най-голяма общ обем и най-

голям среден диаметър на порите. С нарастване на температурата на пиролиза отношението C:SiO2 в твъурдия 

остатък намалява от 1.38 до 0.85, а специфичната повърхност нараства от 7.0 до 440.0 m2 g -1. 
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 Liquid-phase synthesis of N,N’-diacetyl-β-chitobiosyl allosamizoline 2 was studied. The N-benzyloxycarbonyl 

(Cbz) protected trichloroacetimidate donors 3 and 5 were prepared according to the routine method. The target 

allosamidin analogue 2 was high-efficiently synthesized by iterative glycosylation reactions, catalytic hydrogenation, 

acetylation, and deacetylation, respectively.  

Keywords: N,N’-diacetyl-β-chitobiosyl allosamizoline, liquid-phase synthesis, trichloroacetimidate donors 

INTRODUCTION 

This pseudo-trisaccharide allosamidin 1 (Fig. 1) 

is a representative chitinase inhibitor, and it 

possesses high activities against insects and fungi 

[1-2]. The synthetic methodologies of compound 1 

and its analogues were reported [3-5]. But the 

approach is more complicated, and the cost of mass 

production is high in every synthetic method, which 

restrict allosamidin 1 and its analogues to be widely 

utilized in agriculture. N,N’-Diacetyl-β-chitobiosyl 

allosamizoline 2 has been synthesized by solid-

phase method [1,6], but the approach is still a bit 

longer, and this yield of introducing the solid-phase 

support is too low. Therefore, the allosamidin 

analogue 2 has been tried to synthesize by liquid-

phase method in this paper, which is based on its 

reported solid-phase method, but the solid-phase 

support does not be introduced.  

O
OH

HO
O

OH
O

O

OH

HO
N

O

NMe2NHAcOH NHAcOH
1  

Fig. 1 Structure of allosamidin 1. 

 

 RESULTS AND DISCUSSION 

The most important concept behind carbohydrate 

synthesis is glycosylation reaction to involve 

glycosyl donor and glycosyl acceptor. The 

retrosynthetic analysis of N,N’-diacetyl-β-

chitobiosyl allosamizoline 2 was shown in Scheme 

1. It indicated that the synthetic strategy for target 

compound 2 was in reverse order for the 

installation of subunits 3, 5, and 6. It also has 

shown the effectiveness of glycosyl 

trichloroacetimidates as donors in the glycosidic 

bond formation. Levulinoyl ester is used as an 

orthogonal protecting group, which can be 

efficiently cleaved to liberate the free hydroxyl site 

for further glycosylation. The amino group is 

protected with benzyloxycarbonyl (Cbz). Due to the 

neighboring group participation of Cbz during 

glycosylation reaction, the β-linkage is easy to 

form. Cbz and Bn can be removed by catalytic 

hydrogenation. 

The 3,6-di-O-benzylallosamizoline 6 (Scheme 

2) was prepared according to the approach that 

described by Griffith and Danishefsky [7]. 

Glycosylation reactions were gone along using 3.0 

equiv. of donor and 0.1 equiv. of trimethylsilyl 

trifluromethanesulfonate (TMSOTf) as promoter to 

activate trichloroacetimidate donor. At low 

temperature, TMSOTf-promoted glycosylation of 

the N-Cbz protected trichloroacetimidate donor 5 

[8-9] with intermediate 6 yielded the O-

perprotected β-pseudodisaccharide in 83% yield. 

Cleavage of the levulinoyl ester was carried out 

with hydrazine acetate dissolved in MeOH to form 

the acceptor 4. After acceptor 4 was glycosylated 

with the N-Cbz protected trichloroacetimidate 

donor 3 [8-9], the obtained pseudo-trisaccharide 

was catalytically hydrogenated for cleavage of Cbz 

and Bn to yield building block 7 in 96% yield. 

Then, the intermediate 7 was acetylated with 

Ac2O/pyridine and deacetylated with NH3/MeOH, 

respectively. After purification by column 

chromatography, the target compound 2 was 

obtained in 97% yield. 

 

 
* To whom all correspondence should be sent: 

E-mail: huangdoctor226@163.com 
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Scheme 1 Retrosynthetic analysis of N,N’-diacetyl-β-chitobiosyl allosamizoline 2. 
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Scheme 2 The liquid-phase synthesis of N,N’-diacetyl-β-chitobiosyl allosamizoline 2. 

CONCLUSION 

The liquid-phase synthesis of N,N’-diacetyl-β-

chitobiosyl allosamizoline 2 was investigated. 

Compound 2 was obtained by iterative 

glycosylation reactions, catalytic hydrogenation, 

acetylation, and deacetylation, respectively.  
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N,N’-Diacetyl-β-chitobiosyl allosamizoline 2: 
1H NMR (300 MHz, D2O-CD3COOD) δ 5.04 (dd, 1 

H, H-1), 4.58 (d, 1 H, H-1’’), 4.54 (d, 1 H, H-1’), 

4.14 (dd, 1 H, H-2), 4.06 (dd, 1 H, H-3), 3.94 (dd, 1 

H, H-6’’b), 3.86 (dd, 1 H, H-6’b), 3.82 (dd, 1 H, H-

6b), 3.75 (dd, 1 H, H-6’’a), 3.74 (dd, 1 H, H-2’’), 

3.73 (dd, 1 H, H-2’), 3.72 (dd, 1 H, H-4), 3.70 (dd, 

1 H, H-3’), 3.67 (dd, 1 H, H-6’a), 3.66 (dd, 1 H, H-

6a), 3.61 (dd, 1 H, H-4’), 3.58 (dd, 1 H, H-3’’), 

3.56 (m, 1 H, H-5’), 3.51 (m, 1 H, H-5’’), 3.47 (dd, 

1 H, H-4’’), 2.96 (d, 6 H, N(CH3)2), 2.38-2.34 (m, 1 

H, H-5), 2.07-2.04 (d, 6 H, 2×NHCOCH3).  

 



H.-L. Huang et al.: Liquid-phase synthesis of N,N’-diacetyl-β-chitobiosyl allosamizoline 

194 

REFERENCES 

1. G.L. Huang, S.Q. Shu, Synlett, 23(12), 1829-1831 

(2012).  

2. G.L. Huang, Y.P. Dai, Synlett, 21(10), 1554-1556 

(2010).  

3. G.L. Huang, Curr. Org. Chem., 16(1), 115-120 (2012).  

4. A. Berecibar, C. Grandjean, A. Siriwardena, Chem. 

Rev., 99(3), 779-844 (1999).  

5. G.L. Huang, Mini-Rev. Med. Chem., 12(7), 665-670 

(2012).  

6. G.L. Huang, Lett. Org. Chem., 8(9), 625-627 (2011).  

7. D.A. Griffith, S.J. Danishefsky, J. Am. Chem. Soc., 

113, 5863-5864 (1991).  

8. G.L. Huang, Lett. Org. Chem., 8(1), 70-72 (2011).  

9. G.L. Huang, F. Cheng, Lett. Org. Chem., 9(8), 577-

579 (2012).  

 

 

 

 

ТЕЧНОФАЗНА СИНТЕЗА НА N,N’-ДИАЦЕТИЛ- β - ХИТОБИОЗИЛ АЛОЗАМИЗОЛИН  
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(Резюме) 

Иследвана беше течнофазната синтеза на N,N’-диацетил- β - хитобиозил алозамизолин 2. Трихлоацетамидни 

донори 3 и 5, защитени с N-бензоилкарбонил(Cbz), бяха приготвени по рутитен метод. Целевият алозамидинов 

аналог 2 беше синтезиран с висока ефективност чрез итеративни реакции на гликолизация, каталитично 

хидрогениране, ацетилиране и съответно деацетилизране.  
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 In this study some heavy metals (Cd, Ni, Cr, As, Hg Cu, Fe, Mn, Pb and Zn) concentration in edible parts of five 

most consumed Bulgarian fish species - bluefish (Pomatomus saltatrix), gray mullet (Mugil cephalus), Mediterranean 

horse mackerel (Trachurus mediterraneus ponticus), shad (Alosa pontica) and sprat (Sprattus sprattus sulinus) collected 

from two stations across Bulgarian Black Sea coast were determined. The samples were digested with nitric acid 

followed by appropriate spectroscopic determination (Atomic Emission Spectroscopy with Inductively Coupled Plasma 

(AES-ICP), Flame Atomic Absorption Spectroscopy (FAAS) or Electrotermal Atomic Absorption Spectroscopy 

(ETAAS). The level of As in the edible part of gray mullet (Mugil cephalus) has shown a value higher than limits set 

from various health organizations (1.1 ± 0.1 mg/kg). On the contrary this fish species accumulates the other investigated 

heavy metals such as Hg, Zn, Fe and Pb to lower extend. The concentration of Zn and Fe showed the highest value for 

all fish species. With some exceptions the concentration of studied heavy metal elements was within the acceptable 

levels for food source for human consumption.  

Keywords: heavy metals; fish; Black Sea; Bulgaria 

INTRODUCTION 

The heavy metal pollution of the marine 

environment has long been recognized as a serious 

environmental concern [1, 2]. 

Heavy metals can be accumulated by marine 

organisms thought a variety of pathways, including 

respiration, adsorption and ingestion [3, 4]. Heavy 

metal contamination has been identified as a 

concern in coastal environment, due to discharges 

from industrial waste, agricultural and urban 

sewage [5, 6]. The levels of heavy metals are 

known to increase drastically in marine 

environment through mainly anthropogenic 

activities [7]. Heavy metals can be classified as 

potentially toxic (arsenic, cadmium, lead, mercury, 

nickel, etc.), probably essential (vanadium, cobalt) 

and essential (copper, zinc, iron, manganese, 

selenium) [8]. Fishes are good indicators for the 

long term monitoring of metal accumulation in the 

marine environment. Therefore, numerous studies 

have been carried out on metal accumulation in 

different fish species [9, 10]. 

There are limited data about heavy metals 

pollution of the Bulgarian Black Sea coast for the 

last twenty years [11]. Therefore the aim of this 

study was to determine the levels of cadmium, 

nickel, chromium, mercury, iron, manganese, 

copper, zinc, arsenic and lead in edible parts of five 

most consumed Bulgarian fish species collected 

from the coast of Black Sea. 

The Black Sea is the world’s largest natural 

anoxic water basin below 180 m in depth. It is a 

closed sea with a very high degree of isolation from 

the world’s oceans, but it receives freshwater inputs 

from some of the largest rivers in Europe; the 

Danube, the Dniester, and the Dnieper [12]. For this 

reason, Black Sea is considered one of the most 

polluted seas, and the increasing concentration of 

nutrients in recent years have led to a higher degree 

of eutrophication. The fishery yield has declined 

dramatically, and the tourism industry also suffers 

from serious pollution of the Black Sea. 

EXPERIMENTAL 

Sampling and sample treatment 

Samples of fish were randomly acquired in local 

fishermen from cities across the coastal waters of 

Bulgarian Black Sea. All the fish species were 

sampled from February to November 2010. These 

sampling sites of two regions of Bulgarian Black 

Sea coast – Varna and Bourgas (Fig. 1). 

The five species (34 samples) included in this 

study are shown in Table 1. Total length and weight 

of the sample brought to laboratory on ice after 

collection were measured to the nearest millimeter 

and gram before dissection. For small species (i.e. 

sprat and Mediterranean horse mackerel), the entire 

edible part of each individual was included for 

preparation of composite sample. However, for  * To whom all correspondence should be sent: 

E-mail: lubomir60@yahoo.com 
© 2014 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria 
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Table 1. Biometrics data (mean ± SD) of fish from the coastal waters of the Bulgarian Black Sea 

Sample 
Sampling 

Location 

Sampling season, 

year 
N 

Weight 

(g)± SD 

Length 

(cm)± SD 

Bluefish (Pomatomus saltatrix) Bourgas Autumn 2010 6 71.1±6.8 19.3±1.0 

Gray mullet  

(Mugil cephalus) 
Bourgas Autumn 2010 6 335.0±1.2 32.1±0.8 

Mediterranean horse mackerel  

(Trachurus mediterraneus ponticus) 
Bourgas Autumn 2010 6 10.8±5.3 9.7±1.4 

Shad (Alosa pontica) Varna Spring 2010 6 195±3 29.5±1.3 

Sprat (Sprattus sprattus) Bourgas Spring 2010 10 4.7±2.1 9.2±0.9 

 

 

Fig. 1. The map of sampling locations in the Bulgarian Black Sea coast. 

bigger species (i.e. gray mullet, bluefish and shad) 

only fillets of edible part of each individual were 

collected and included in the respective composite 

samples. Approximately 1 g sample of muscle from 

each fish were dissected, washed with distilled 

water, weighted, packed in polyethylene bags and 

stored at -18ºC until chemical analysis. 

 Reagents and standard solutions 

All solutions were prepared with analytical 

reagent grade chemicals and ultra-pure water (18 

MΩ cm) generated by purified distilled water with 

the Milli-QTM PLUS system. HNO3 was of superb 

quality was purchased from Fluka. All the plastic 

and glassware were cleaned by soaking in 2 M 

HNO3 for 48 h, and rinsed five times with distilled 

water, and then five times with deionised water 

prior to use.The stock standard solutions of Cd, Cr, 

Cu, Fe, Mn and Pb 1000 μg mL−1 were Titrisol, 

Merck in 2% v/v HNO3 and were used for 

preparation calibration standards. 

A DORM-2 (NRCC, Ottawa) certified dogfish 

tissues was used as the calibration verification 

standard. Recoveries between 90.5 and 108% were 

accepted to validate the calibration.  

Sample digestion 

Fish samples (whole fish body or fish fillets) are 

thoroughly washed with MQ water. The fish 

specimens were dissected and samples of fish fillets 

quickly removed and washed again with MQ water. 

Each fish filletes (approximately 1 g) were 

analyzed after homogenization in small mixer. To 

assess the total metal contents, microwave assisted 

acid digestion procedure was carried out. 

Microwave digestion system “Multiwave”, “Anton 

Paar” delivering a maximum power and 

temperature of 800 W and 300°C, respectively, and 

internal temperature control, was used to assist the 

acid digestion process. Reactors were subjected to 

microwave energy at 800 W in five stages. 

Instrumental 

The samples were digested with nitric acid 

followed up by appropriate spectroscopy 

determination (Atomic Emission Spectroscopy with 
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Inductively Coupled Plasma (AES-ICP), Flame 

Atomic Absorption Spectroscopy (FAAS) or 

Electrotermal Atomic Absorption Spectroscopy 

(ETAAS)). 

Determination of Cu, Fe and Zn: Flame atomic 

absorption spectrometric measurements were 

carried out on a Perkin Elmer (Norwalk, CT, USA) 

Zeeman 1100 B spectrometer with an air/acetylene 

flame. The instrumental parameters were optimized 

in order to obtain maximum signal-to-noise ratio.  

Determination of As, Cd, Ni and Pb: 

Electrothermal atomic absorption spectrometric 

measurements were carried out on a Perkin Elmer 

(Norwalk, CT, USA) Zeeman 3030 spectrometer 

with an HGA-600 graphite furnace. Pyrolytic 

graphite-coated graphite tubes with integrated 

platforms were used as atomizers. The spectral 

bandpass, the wavelengths and instrumental 

parameters used were as recommended by the 

manufacture. Only peak areas were used for 

qualification. Pd as (NH4)2PdCl4 was used as 

modifier for ETAAS measurements of As and Cd.  

Determination of Hg was performed by 

Milestone DMA-80 direct Mercury Analyzer.The 

sample size is between 0.020 and 0.0060 g, with 

drying temperature at 300°C for 60 sec, 

decomposition time -180 sec an waiting time 60 

sec.  

Statistical analysis 

The whole data were subjected to a statistical 

analysis. Student’s-test was employed to estimate 

the significance of values. 

 RESULTS AND DISCUSSION 

Levels of heavy metal in the muscle of fish 

species from coastal waters of Bulgarian Black Sea 

are shown in Table 2. 

The summarized results of this study are 

expressed as means (mg/kg) fresh weight.  

Cadmium is a non-essential, highly toxic metal. 

Chronic effects on human health may occur as a 

result of its accumulation in liver, bones, blood, 

kidney and muscle [13]. About 50% of the Cd that 

reaches the sea comes from human activities 

(industrial waste, fertilizers containing phosphate or 

animal origin, etc.). The European Community [14] 

established the maximum levels permitted of 

cadmium in a fish as 0.05 mg/kg f.w. Moreover, the 

Joint Food and Agriculture Organization and World 

Health Organization (FAO/WHO) [15] has 

recommended the provisional tolerable weekly 

intake (PTWI) as 0.007 mg/kg body weight for 

cadmium. The maximum Cd level permitted for 

fish samples is 0.10 mg/kg according to Turkish 

Food Codex [16]. The Bulgarian Food Regulation 

recommends a 0.05 mg/kg f.w. for sea fish [17]. 

Cadmium levels in analyzed fish species were 

below 0.010 mg/kg fresh weight for muscle except 

gray mullet – 0.012 mg/ kg f.w . Cadmium 

concentration in literature has been reported as 

follow: 0.02-0.24 mg kg-1 for gray mullet [18]; 

from 0.10 μg/g in Psetta maxima; up to 0.35 μg/g in 

Mugil cephalus; 0.23 μg/g for Pomatomus Saltator; 

0.13 μg/g for Sarda Sarda; 0.32 μg/g for Trachurus 

trachurus; 0.30 μg/g for Sprattus sprattus from the 

Black Sea, Turkey [19]; 0.02-0.37 mg kg-1 for 

edible part of fishes caught from Marmara, Aegean 

and Mediterranean seas in Turkey [20] and 0.002-

0.02 mg Cd kg-1 fresh weight for species from 

Adriatic Sea [21]. In the present study, cadmium 

levels (Fig. 2) were in good agreement with

Table 2. The mean heavy metal concentration (mg/kg f.w.) in the tissues of the examined species from Bulgarian Black 

Sea coast 

Species  

Cd Ni Cr As Hg Zn Cu Fe Mn Pb 

m
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n
 

SD 

m
ea

n
 

SD 

m
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SD 
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m
ea

n
 

SD 

m
ea

n
 

SD 

m
ea

n
 

SD 

m
ea

n
 

SD 

m
ea

n
 

SD 

Bluefish fillet 0.008 0.001 0.009 0.001 0.06 0.01 0.77 0.06 0.09 0.01 10 1 0.8 0.1 5.0 0.4 0.08 0.01 0.03 0.01 

Gray 

mullet 
fillet 0.012 0.002 0.009 0.001 0.07 0.01 1.1 0.1 0.05 0.01 5.2 0.3 0.34 0.02 2.2 0.2 0.17 0.01 0.05 0.01 

Medi -

terranean 

horse 

mackerel 

whole 

fish 
0.008 0.001 0.008 0.001 0.03 0.01 0.73 0.05 0.16 0.02 8.5 0.6 0.56 0.04 4.2 0.3 0.06 0.01 0.06 0.01 

Shad fillet 0.007 0.001 0.07 0.01 0.05 0.01 0.38 0.02 0.08 0.01 9 1 0.45 0.03 9 1 0.11 0.01 0.05 0.01 

Sprat 
whole 

fish 
0.005 0.001 0.028 0.003 0.04 0.01 0.73 0.04 0.12 0.02 11.0 0.7 1.40 0.08 9 1 0.11 0.01 0.08 0.02 

At p < 0.05 
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reported literature data and with the data from the 

international organizations. 

The highest total lead content was found in sprat 

(Sprattus sprattus), 0.08 ± 0.02 mg Pb kg-1 fresh 

weight, while the lead content for the other fish 

samples were below 0.06 mg/kg (Fig. 3). 

Lead is one of the most ubiquitous and useful 

metal known to humans and it is detectable in 

practically all phases of the inert environment and 

in all biological systems [22]. The Joint FAO/WHO 

 
Fig. 2. Distribution of Cd in fish species from Bulgarian Black Sea coast. 
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Fig. 3. Distribution of Pb in fish species from Bulgarian Black Sea coast. 
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 [23] Expert Committee on Food Additives 

establishes a provisional tolerable weekly intake 

(PTWI) for lead as 0.025 mg/kg body weight. 

Whereas the maximum level of lead in seafood 

establishes by the European Community [14] is 0.2 

mg/kg f.w in fish. According to Turkish Food 

Codex, the maximum lead level permitted for sea 

fishes is 0.3 mg/kg [16] while Bulgarian Food 

Regulation sets this level as 0.4 mg/kg fresh weight 

(for sea fish) [17]. Lead levels in the literature have 

been reported in the range of 0.22-0.85 mg kg-1 for 

muscle of fish from the middle Black Sea [24], 0.28 

μg/g in Psetta maxima and 0.87 μg/g in Pomatomus 

Saltator from the Black Sea, Turkey [19], 0.33-0.93 

μg kg-1 for muscle of fish from Black and Aegean 

seas [25] and in between 0.14 and 1.28 μg kg-1 for 

fish muscle from Aegean and Mediterranean seas 

[26]. The values obtained from the analyzed 

samples showed good agreement with values 

reported in the literature and below the level set by 

various health organizations. 

Arsenic, a naturally occurring element, is a 

worldwide contaminant that is found in rock, soil, 

water, air and food. Arsenic is highly toxic element. 

Humans can be exposed to arsenic through the 

intake of food and drinking water, but for most 

people, the major exposure source is the diet, 

mainly fish and seafood [22]. Arsenic concentration 

in this study ranged between 0.38 mg kg-1 in shad 

(Alosa pontica) from north up to 1.1 mg kg-1 in 

gray mullet (Mugil cephalus) from south. 

There are limited data about the arsenic content 

in fish species in the literature. The Joint 

FAO/WHO [27] Expert Committee on Food 

Additives (JECFA) establishes a provisional 

tolerable weekly intake (PTWI) for inorganic 

arsenic as 0.015 mg/kg body weigh/week and 0.05 

mg/kg body weigh/week for organic-arsenic 

intakes. The maximum arsenic level permitted for 

fishes is 1.0 mg/kg according to Australian 

standards [28]. The concentration of arsenic 

reported in fish species from Adriatic Sea ranged of 

0.56 to 10.03 mg As kg-1 fresh weight [21] and in 

Lake Kasumigaura, Japan was around 13.3 μg g-1 

dry wt for fish food [29]. Tuzen [19] had measured 

an arsenic concentration in different fish species 

from Black Sea as follows: 0.15 ± 0.01 μg/g for 

Psetta maxima; 0.27 ± 0.02 μg/g for Pomatomus 

Saltator, 0.23 ±0.01 μg/g for Mugil cephalus, 0.14 

± 0.01 μg/g for Sarda Sarda, 0.18 ± 0.02 μg/g for 

Trachurus trachurus and 0.17 ±0.01 μg/g for 

Sprattus sprattus. The concentration of As in this 

study (Fig. 4) was generally low in all the species 

compared with both the data in the literature and 

world food standards except the value for gray 

mullet (Mugil cephalus). 
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Fig. 4. Distribution of As in fish species from Bulgarian Black Sea coast. 
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Fig. 5. Distribution of Hg in fish species from Bulgarian Black Sea coast. 

The lowest and highest mercury levels in fish 

species were found as 0.05 mg/kg in Mugil 

cephalus and 0.16 mg/kg in Trachurus 

mediterraneus ponticus (Fig. 5). The maximum Hg 

level permitted for fishes is 0.5 mg/kg according to 

Turkish Food Codex [16] and Bulgarian Food 

Codex [17]. The PTWI is 5 mg total mercury kg-1 

body weight (bw) and 3.3 mg methylmercury kg-1 

bw [30] was reduced to 1.6 mg methylmercury  kg-1 

bw [31] and could be exceeded depending on the 

species and quantity consumed. Mercury levels in 

analyzed fish samples were found to be lower than 

legal limits. In the literature mercury levels in fish 

samples have been reported in the range of 0.01-

0.50 µg/g in marine fishes in Malaysia [32], 0.02-

0.74 mg/kg wet weight in canned fishes [33], 25-84 

µg/kg for fishes from Black Sea [19]. In humans, 

mercury is toxic to the developing fetus and 

considered a possible carcinogen [34]. Mercury is a 

known human toxicant and the primary sources of 

mercury contamination in man are through eating 

fish [35]. 

Copper is essential for good health but very high 

intake can cause adverse health problems such as 

liver and kidney damage [36]. The copper 

concentration found in this study was in the range 

of 0.34 up to 1.4 mg kg-1. Copper in the literature 

range from 0.23 to 9.49 mg kg-1 for muscle of fish 

from Marmara Sea [37], 0.32-6.48 mg kg-1 for 

muscle of fish from Marmara, Aegean and 

Mediterranean seas in Turkey [20] and 0.34-7.05 

mg kg-1 wet weight for fish muscle from central 

Aegean and Mediterranean Sea [26]. The minimum 

and maximum copper levels in fish species from 

Black Sea, Turkey were found as 0.65 μg/g in 

Trachurus trachurus and 2.78 μg/g in Pomatomus 

Saltator [19]. The maximum copper level permitted 

for sea fishes is 10 mg/kg according to Bulgarian 

Food Authority [17] and 20 mg/kg according to 

Turkish Food Codex [16]. The Joint FAO/WHO 

[23] Expert Committee on Food Additives 

established the provisional tolerable weekly intake 

(PTWI) for copper of 3.5 mg/kg body weight/ 

week. Our values were lower than the values from 

the literature. 

Zinc is known to be involved in most metabolic 

pathways. Deficiency of this essential element most 

often occurs when intake of zinc is inadequate or if 

there is poor absorption by the body.  The 

minimum and maximum zinc levels in fish were 

found as 5.2 mg Zn kg-1 in Mugil cephalus and 11 

mg Zn kg-1 in Sprattus sprattus from Bourgas 

station. 

The concentration for zinc reported in the 

literature range of 9.5-22.9 mg kg-1 for muscle of 

fish from the Black Sea coast [18], 16.1-31.4 mg 
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kg-1 for muscles of fish from Mediterranean sea 

[38], 3.51-53.5 mg kg-1 for species from Aegean 

and Mediterranean Sea [26], 9.50-22.94 μg/g dry 

weigh for fish muscle from middle Black sea [24], 

and 38.8 μg/g - 93.4 μg/g for different types of 

fishes from Black Sea, Turkey [19]. The maximum 

zinc level permitted for fishes is 50 mg/kg 

according to Bulgarian Food Codex [17] and 

Turkish Food Codex [16]. The Joint FAO/WHO 

[23] Expert Committee on Food Additives 

established the PTWI for zinc of 7 mg/kg body 

weight/week. Maximum Zn level in edible parts of 

fish in this research was found to be below than 

both the Turkish permissible standards and levels 

reported in the literature. 

Manganese is an essential element for all known 

living organisms. Manganese deficiency diseases 

are very striking ranging from severe birth defects, 

asthma, convulsions and etc. The lowest and 

highest levels in fish species were found in 

Mediterranean horse mackerel (0.06 mg/kg) and in 

Mugil cephalus. Manganese contents in the 

literature have been reported in the range of 1.56-

3.76 μg/g dry weight in fish samples of the middle 

Black Sea (Turkey) [24], 0.05-4.64 μg/g dry weight 

in fish species from Iskenderun Bay, Northern East 

Mediterranean Sea, Turkey [39] and 0.69-3.56 mg 

kg-1 for muscles of fish from the Black Sea coasts 

[18]. According to both FAO [40] and Bulgarian 

standards [17] there is no information on the 

carcinogenity of manganese. The concentration of 

manganese in our study was generally in agreement 

with the literature. 

Iron levels ranged from 2.2 mg/kg fresh weight 

in Trachurus mediterraneus ponticus up to 9.0 

mg/kg fresh weight for Alosa pontica and Sprattus 

sprattus. Iron concentration in the literature were 

reported between 59.6 and 73.4 mg kg-1 for muscles 

of fish from Mediterranean sea [38], 30-160 mg kg-1 

for muscles of fish from the Black Sea coasts [18] 

and 9.52-32.40 μg/g dry weight in fish samples of 

the middle Black Sea (Turkey) [24]. The US 

National Academy of Science [41] recommends a 

Recommended Dietary Allowance (RDA) for iron 

in elderly women and men - 10 mg/day. There is no 

information about the maximum permissible iron 

concentration in fish tissues in Bulgarian standards 

[17]. Iron is an essential mineral that plays an 

important role in the human physiology. High Fe 

absorption causes excessed Fe to be stored in the 

organs, eventually leading to iron overload. Results 

achieved in this study were in good agreement with 

other reported data from the literature. 

The lower chromium content was 0.03 mg/kg in 

Trachurus mediterraneus ponticus while the highest 

chromium content was 0.07 mg/kg in Mugil 

cephalus. Chromium is an essential mineral in 

humans and has been related to carbohydrate, lipid, 

and protein metabolism. The recommended daily 

intake is 50-200 µg [41]. The amount of chromium 

in the diet is of great importance as Cr is involved 

in insulin function and lipid metabolism [42]. The 

maximum Cr level permitted for fishes is 0.3 mg/kg 

according to Bulgarian Food Codex [17] and 0.1 

mg/kg according to Brazil Standard [43]. 

Chromium contents in the literature have been 

reported in the range of 0.07–6.46 µg/g dry weight 

in fish species from Iskenderun Bay, Northern East 

Mediterranean Sea, Turkey [39], 0.04-1.75 µg/g in 

seafood from Marmara, Aegean and Mediterranean 

seas in Turkey [20], 1.42 µg/g in fish feed [34]. Our 

values are under those reported in the literature. 

The lowest and highest nickel levels in fish 

species were 0.008 mg/kg in Sprattus sprattus and 

0.07 mg/kg in Alosa pontica. Nickel contents have 

been reported in the range of 0.11-12.9 µg/g dry 

weight in fish species from Iskenderun Bay [39], 

0.93-2.77 µg/g dry weight in fish samples from 

Dhanmondi Lake, 0.42-0.85 µg/g in canned fish 

[25], 1.14-3.60 µg/g in fishes from Black Sea, 

Turkey [19] and 0.02-3.97 µg/g in seafood from 

Marmara, Aegean and Mediterranean seas in 

Turkey [20]. The World Health Organization [13] 

recommends 100-300 µg nickel for daily intake. 

The maximum nickel level permitted for fishes is 

0.5 mg/kg according to Bulgarian Food Codex [17]. 

The results from this study were below the limits 

sets by various health organizations and the data in 

the literature. 

CONCLUSION 

Heavy metals (Cd, Pb, As, Hg, Ni, Cu, Mn, Zn, 

Fe and Cr) were determined in five most consumed 

Bulgarian fish species collected from Bulgarian 

coastal of Black Sea. Among the ten metals under 

study, iron and zinc showed the highest level of 

accumulation. None the less this value was in the 

range stated in the literature. The levels of arsenic 

in gray mullet were higher than the other fish 

species but in within the recommended legal limits. 

In the analyzed fishes, there were no health risks in 

respect to the concentration of cadmium, copper, 

lead, mercury and other elements’ level. 
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ОПРЕДЕЛЯНЕ НА КОНЦЕНТРАЦИИТЕ НА ТЕЖКИ МЕТАЛИ В НАЙ-

КОНСУМИРАНИТЕ РИБНИ ВИДОВЕ В БЪЛГАРСКОТО ЧЕРНОМОРСКО 

КРАЙБРЕЖИЕ 

М. Станчева, Л. Македонски*, К. Пейчева 

Департамент по химия, Медицински университет, 9002 Варна 

Получена на 29 октомври 2012 г.; приета на 26 май 2013 г. 

(Резюме) 

В настоящата работа са определени концентрациите на някои тежки метали (Cd, Ni, Cr, As, Hg, Cu, Fe, Mn, 

Pb and Zn) в едливите части на пет най-разпространени рибни видове - лефер (Pomatomus saltatrix), кефал 

(Mugil cephalus), средиземноморски сафрид (Trachurus mediterraneus ponticus), карагьоз (Alosa pontica) и цаца 

(Sprattus sprattus sulinus), събирани на две станции по българското черноморско крайбрежие.  Пробите са 

третирани с азотна киселина със следващо спектроскопско определяне (атомно-емисионна спектрометрия с 

индуцирана плазма (AES-ICP), пламъкова атомна абсорбционна спектрометрия (FAAS) или електротермична  

атомна абсорбционна спектрометрия (ETAAS). Нивото на арсена в едливите части на кефала (Mugil cephalus) 

показват стойности, по-високи от допустимите според различните здравни организации (1.1 ± 0.1 mg/kg). Този 

рибен вид натрупва в по-ниска степен други изследвани метали, като Hg, Zn, Fe и Pb. Концентрациите на Zn и 

Fe показват най-високи стойности за всички рибни видове. С някои изключения концентрациите на 

изследваните тежки метали са в границите на приемливите нива за храни за консумация. 

http://www.inchem.org/
http://www.inchem/
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