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This study underscores the development of Ag-PEG-Ch nanocomposite film using the aqueous leaves extract of Cannabis sativa under the 

influence of ultrasound, as smart substrates for antimicrobial uses, via innovative in situ reactive and reduction pathways. Ag nanoparticles 

that are synthesized by using leaves extract and ultrasound as an energy source have emerged as nontoxic and ecofriendly.   In this study, 

silver nitrate was used as a silver precursor and PEG and chitosan were used as the polymeric stabilizer and solid support, while cannabis 

sativa leaves extract acts as a green reducing agent. This polymer metal film was characterized by FT-IR, SEM, TEM, TGA, DSC and 

antimicrobial activities. XRD peaks clearly reveals that FCC Ag nanoparticles embedded in polymer matrix, very fine Ag nanoparticles (4-

6 nm) can be synthesized through ultrasound has been proven by TEM images and TGA-DSC results show that this nanocomposite film is 

thermally stable. This nanocomposite film possesses synergistic biocidal activities also. 
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INTRODUCTION  

Since ancient times, different forms of silver have been 
used as an antimicrobial agent against infections, before 
recognizing their nanometric dimension.1 Chemical and 
physical factors associated with Ag nanoparticles such as 
size,2,3 shape and surface charge4 enhance their 
antimicrobial,5 antibacterial,6 anti-viral,7 anti-cancer 
properties8 and affect significantly the effective doses to 
inhibit the growth of microorganism. It is also useful in drug 
delivery system.9 

Nevertheless, commercially available silver-based drugs 
have shown cytotoxic effects on various experimental 
models.10,11 So, there is a growing need to develop an eco-
friendly process, which does not use toxic chemicals in the 
synthesis protocols. In a green biosynthesis of nanoparticles, 
selection of a green reducing and stabilizing agents in an 
aqueous medium are the most important issues which must 
be considered. Green biosynthesis approaches include 
biopolymers, biological molecules, and green irradiation 
method which have advantages over conventional methods 
involving hazardous chemical agents. It also enhances the 
antimicrobial activities of Ag nanoparticles and to overcome 
the adverse cytotoxic effects of silver. 

Polyethylene Glycol (PEG) is a water-soluble polymer 
and widely used in mechanical, pharmaceutical and 
cosmetic industries. PEG reduces AgNO3 and stabilizes Ag 
nanoparticles.12,13 Stabilization can be obtained due to the 
free polymer chains in solution, where aggregation is denied 
because of steric hindrance. PEG is easily permeable 
through membrane would facilitate the entry of 

nanoparticles carrying antibiotics across the membrane, 
enhance the binding of the delivered drug to the bacterial 
DNA and block drug efflux pumps.14  

Chitosan is a natural polysaccharide obtained by the 
deacetylation of chitin.15 It is a linear polyamine containing 
number of free amine groups that are readily available for 
crosslinking. This biopolymer shows unique chelating,16,17 

polycationic,18 film forming19 and antimicrobial properties20 
due to the presence of active amino and hydroxyl groups in 
polymeric matrix. Biocidal activity of chitosan has been 
studied against yeast,21 fungi, mold22,23 and bacteria.24 

Chitosan has significant advantages over others due to its 
low cytotoxicity towards mammalian cells.25,26 PEG-
Chitosan blend exhibited better physico-chemical properties 
comparable to chitosan or PEG alone.27 

Silver nanoparticles have been prepared conventionally by 
chemical method using reducing agents,28 which were later 
responsible for various biological hazards due to their 
cytotoxic effect. To cure this problem, green synthesis using 
biological molecule and the use of ultrasound as an energy 
source29,30 exhibit superiority over chemical methods. Plant 
extracts have been demonstrated to be promising reducing 
and capping agents for the biosynthesis of silver 
nanoparticles, some of them are Crocus sativus L.,31 Alpinia 
katsumadai,32 Kalopanax septemlobus,33 Acalypha indica,34 

Citrus limon,35 Alternanthera sessilis,36 Aloe vera,37 Lippia 
nodiflora,38 Pedalium murex,39 etc. Cannabis sativa is 
an herbaceous flowering plant belonging to the family 
Cannabaceae, native of eastern Asia. The plant is known to 
contain more than 113 phyto cannabinoids,40 which have 
pharmacological importance. It is widely used to treat 
schizophrenia,41 neurophatic pain,42 cancer pain,43 

chemotaxonomic purpose,44 chronic inflammation,45 
dibetes,46 multiple sclerosis,47 as an antipsychotic48 and 
analgesic drug.49 To the best of our knowledge, there has 
been no report on the green synthesis of nanoparticles using 
Cannabis sativa leaves extract. Therefore, we have 
synthesized sonochemically and characterized Ag-PEG-Ch 
nanocomposite film using Cannabis sativa leaves extract 
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as a reducing agent to convert Ag+ ion to Ag0 particle. 
Antimicrobial activities of this synthesized compound 
have also been studied. 

EXPERIMENTAL 

PEG, chitosan (Himedia, India), silver nitrate, ethanol and 
acetic acid (Fisher Scientific, India) were used as received. 
Ultrasonic cleaner 392 (Systronics, India) was used for 
ultrasonic irradiation with a frequency of 40 kHz and a 
nominal power of 115 W. 

FTIR spectra were recorded on a FT-IR Spectrometer 
(Perkin Elmer, India) Spectrum GX Range with a resolution 
of 0.15 cm-1. Spectra were scanned between 400 and 4000 
cm−1. Scan time was 20 scan s-1. XRD pattern measurement 
[Table Top X-ray Diffraction System (Rigaku Miniflex, 
USA)] was employed using monochromatic Cu kα radiation 
(λ = 1.5406 Å) operated at 40 kV and 30 mA at a 2θ angle 
pattern to study the crystal structures of the nanocomposite. 
XRD data obtained were compared with the Joint 
Committee on Powder Diffraction Standards (JCPDS) 
library to account for the crystalline structure of the 
nanocomposite. 

TEM images for polyethylene glycol-chitosan-silver 
ternary nanocomposite thin film were recorded using a 
Philips (Holland), Model: Tecnai 20, transmission electron 
microscope operating at an acceleration voltage of 200 kV. 
Electron source are W emitter and LaB6. This instrument 
uses electron beam optics to achieve very high 
magnifications of the order of 7,50,000x. 

Thermal Analysis (DSC and TGA) – Perkin Elmer (India) 
Pyris-1 DSC, Pyris-1 TGA was used to analyze 
nanocomposite thin film. Temperature range for TGA was 
room temperature to 700ºC and for DSC, it was 40ºC to 
400ºC. All observations were carried out under nitrogen 
atmosphere. 

Preparation of C. sativa leaves extract 

Fresh leaf extract of C. sativa was used to reduce Ag+ ions 
to Ago. Fresh leaves of C. sativa were collected from Dakan 
Kotra, Girwa, Udaipur. They were cleaned with distilled 
water and dried at room temperature. About 10 g of finely 
cut leaves were placed in a beaker containing double 
distilled water (100 mL) and boiled for 10 min before 
decanting. Then the extract was cooled down and filtered 
through Whatman filter paper No.1 and stored at 4 C for 
further use. 

Synthesis of Ag-PEG-Ch nanocomposite thin film 

All the reactions were carried out in an ultrasonic bath. 0.2 
g of chitosan was dissolved in 100 mL of 2% aqueous acetic 
acid and irradiated with ultrasound for 20 min. to obtain 
clear solution. Reaction of PEG (0.01 M) with silver nitrate 
(0.01 M, in 5 mL of C. sativa aqueous leaf extract) was 
carried out for 2 h under the influence of ultrasound to give 
PEG dialdehyde with silver nanoparticles.Change in colour 
from light yellow to dark brown, indicated the formation of 
AgNPs. Chitosan solution was added dropwise in ethanol, 

and then added freshly prepared PEG dialdehyde with silver 
nanoparticles and few drops of HCl to crosslink the polymer. 
This solution was washed with DD water and ethanol then 
centrifuged. Glass slides were cut to 20 mm × 15 mm to fit 
the spin coater, cleaned by sonication in acetone, and 
allowed to dry. A total of 0.2 mL of the prepared 
nanocomposite solution was coated onto the glass slide by 
spin coating at 500 rpm for 120 s. The resulting films were 
allowed to dry in vacuum.  

Assessment of antimicrobial assay  

Synthesized Ag-PEG-Ch nanocomposite using leaves 
extract of C. sativa was analyzed for antimicrobial activity 
against two Gram positive bacterial strains such as S. aureus 
(MTCC 96) and S. pyogenus (MTCC 442), two Gram 
negative bacterial strains like E. coli (MTCC 443) and P. 
aeruginosa (MTCC 1688). Antifungal studies were also 
carried out on three fungal strains such as C.albicans 
(MTCC 227), A.niger (MTCC 282) and A.clavatus (MTCC 
1323) at Microcare Laboratory, Surat, India. 

The minimum inhibitory concentration (MIC) for the 
sample was evaluated using Broth dilution method to 
determine the antibacterial and antifungal activity against 
various bacterial and fungal strains.50 The bacterial stock 
cultures were incubated for 24 h at 37 ◦C in Nutrient Agar 
media and while the fungal stock cultures were incubated 
for 72 h at 28 ◦C in potato dextrose agar media followed by 
refrigeration storage at 4 ◦C. The stock cultures were 
maintained at 4 ◦C.  

RESULTS AND DISCUSSION 

FTIR Spectrum of Ag-PEG-Ch thin film shows the 
combination of the IR absorption characteristic of PEG and 
chitosan (figure 1). Band appearing at 3429 cm-1 is due to 
the overlapping of O-H and N-H stretching, 2923 cm-1 is 
due to for C-H stretching, bands at 1631 cm-1 and 1524 cm-1 
are due to the N-H bending. A medium band that appears at 
1384 cm-1, is a significant band that confirms the formation 
of metallopolymer (Ag-PEG-Ch).51 

XRD patterns of Ag-PEG-Chnano composites are shown 
in figure 2. Two medium peaks appearing at 2θ values of 
19.5 and 22.9 are confined to the polymeric chains (chitosan 
and PEG). The main peaks around 2θ values of 38.4, 44.2, 
64.5 and 77.7 with 111, 200,220 and 311diffraction 
respectively are related to Face Centered Cubic (FCC) 
crystalline structure of silver in a polymeric matrix, which is 
supported by the JCPDS file no. 89-3722.. Therefore, this 
gives clear evidence for the presence of FCC Ag 
nanoparticles in Ag-PEG-Ch nanocomposite film. 

The average particle size of the nanocomposite was 
calculated by the Debye-Scherrer equation and is estimated 
to be 6 nm, which clearly demonstrate that finer Ag 
nanoparticles can be synthesize by the use of ultrasound as 
compared to those by other methods.52 In addition, some 
unassigned peaks might have resulted due to the capping 
agent stabilising the Ag nanoparticles, which may be due to 
the bioorganic compounds in a plant extract used.53,54 These 
peaks are weaker than the peaks for Ag nanoparticles. 
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Topographical analysis  

Transmission electron microscopy (TEM) studies of 
Chitosan-PEG-Ag nanocomposites were carried to study the 
particle size. TEM produces high resolution, black and 
white images from the interaction between energetic 
electrons and samples in the vacuum chamber. TEM 
provides morphological, topographical, compositional and 
crystalline information. A typical TEM, and histogram 
image of the nanocomposite is shown in figure 3. TEM 
image (Figure 3A) shows the dispersed homogeneous 
particles with diameters of around 13-14 nm. The dark part 
indicates Chitosan-PEG blend wrapped over Ag 
nanoparticles. TEM image (Figure 3B) shows the particles 
size of Ag is around 4-6 nm, which signify the use of 
ultrasound in the synthesis of nanoparticles over chemical 
method.2 

 

 

 

 

 

 

 

 

Figure 1. FTIR spectrum of Ag-PEG-Ch nanocomposite film. 

 

 

 

 

 

 

 

 

Figure 2. XRD of Ag-PEG-Ch nanocomposite film. 

 

Thermal analysis  

The TGA curve recorded the weight loss during heating and 
the DSC curve describes changes in the reaction enthalpy 
during the degradation process. The TG thermogram of Ag-
PEG-Ch ternary nanocomposite analysis is depicted in 
Figure 4 A. This nanocomposite exhibits three-stage 
decomposition process. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. TEM images of Ag-PEG-Ch nanocomposite film. 

The first stage (100-450 oC; weight loss 10.57%) 
decomposition may be due to expulsion of bound water 
molecules present in the PEG-Chitosan-Silver ternary 
nanocomposite. In the second stage, decomposition (451-
650 oC; weight loss 43.34 %) corresponds to the loss of side 
group elimination attached to the aromatic nucleus, and final 
stage of decomposition (651-950 oC; weight loss 15.08 %) is 
probably due to main chain scission, which ultimately 
results in depolymerization into aromatic moieties. The 
ceramic yield of synthesized nanocomposite was found 
about 31.34 %. The result clearly reveals that PEG-
Chitosan-Silver ternary nanocomposite exhibit synergistic 
effect in thermal stability.55,56 

By contrast, in the DSC curve, only one thermal event, 
endothermic, is clearly distinguished up to 510 oC (Figure 4 
B).In broad strokes, these thermal events are related to 
dehydration and thermal degradation processes, including 
the depolymerization degree at different stages as well as the 
secondary decomposition stage of pectin present in 
nanocomposite. According to the DSC curve, this broad 
endothermic event at 205.13 oC (with area swept in 
endotherm 189.436 mJ and enthalpy change 64.6732 J g-1) 
can be identified. It is known that the higher melting points 
of nanocomposite are associated with many factors, 
including intramolecular interactions through hydrogen-
bonded functional linkages and structural regularity and 
rigidity of macromolecules. This film is water soluble also. 
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Figure 4 A and B. TGA and DSC curve of PEG-Ch_Ag 
nanocomposite film, respectively. 

 

Antimicrobial Activities 

The antimicrobial activity of Ag-PEG-Ch 
nanocompositeusing C. sativa leaves extract was studied 
against four pathogenic bacterial strains, two Gram positive 
(S. aureusMTCC 96 andS. pyogenus MTCC 442) and  two 
Gram negative (E. coli MTCC 443 andP. aeruginosa MTCC 
1688) and three fungal strains (C. albicans MTCC 227, 

A.niger MTCC 282 and A.clavatus MTCC 1323). 
Antimicrobial activity of the synthesizedAg-PEG-Ch 
nanocomposite was assessed in terms of minimum 
inhibitory concentration (MIC).57 MIC is the lowest 
concentration of antibiotic in a culture media that will 
prevent growth. To find MIC, bacteria/fungi were grown on 
different concentration of antibiotic and obtained a 
concentration of antibiotic on which bacteria/fungi can 
grow:The lowest concentration that inhibited the growth of 
bacteria/fungi was considered as the MIC.The results of 
antibacterial and antifungal activity of nanocomposite are 
shown in Fig. 5 and Table 1. 

Ag-PEG-Ch nanocomposite using C. sativa leaves extract 
shows most effective antibacterial and antifungal activity as 
compared to C. sativa leaves extract and Ag nanoparticles 
alone. 

CONCLUSION  

This study focuses on the green synthesis of silver 
nanoparticles without any reducing agent by the use of 
cannabis sativa leaves extract and stabilize them in a 
polyethylene glycol-chitosan matrix, which are 
biodegradable polymers. Ultrasound as an energy source has 
been used in whole process, so this entire process covers the 
principles of green chemistry. The structure, morphology 
and thermal stability of the Ag-PEG–Ch were studied by 

FTIR, XRD, TEM, TGA and DSC. This supports the strong 
interaction of PEG with Chitosan molecules, which 
interferes with its crystalline structure and use of ultrasound 
in the synthesis of fine Ag nanoparticles (6 nm) with FCC 
sturcture. C. sativa aqueous leaves extract act as a 
bioreducing agent to produce silver nanoparticles. 
Nanocomposite based on chitosan, polyethylene glycol and 
silver nanoparticles exhibit better thermal stability as 
compare to Chitosan and PEG alone. This nanocomposite 
was synergistically active against different bacterial and 
fungal strains. Therefore, we believe that Ag-PEG-Ch 
nanocomposite can be used for various biomedical 
applications. 

 

Table 1. Antibacterial and antifungal activity of Ag-PEG-Ch nanocomposite.  

Antibacterial activity Antifungal activity 

  
Compound E.coli  P.aeruginosa S.aureus S.pyogenus Compound C.albicans  A.niger A.clavatus 

         

Plant extract 125 100 250 200 Plant extract 500 250 250 

Ag nanoparticles 100 75 150 90 Ag nanoparticles 500 90 100 

Ag-PEG-Ch*   62 30 60 42 Ag-PEG-Ch*   80 75 80 

Ampicillin 

(g mL-1) 

100  250 100 Greseofulvin 

(g mL-1) 

500 100 100 

Ciprofloxacin 

(g mL-1) 

25 25 50 50 Nystatin 

(g mL-1) 

100 100 100 

         

*Ag-PEG-Ch nanocomposite in plant extract 
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SYNTHESIS OF SOME NEW HETEROARYLBISAZO DYES 

DERIVED FROM p-AMINOAZOBENZENE 

Taha A. Ameen[a,b] * and A.A. Fadda[c] 

Keywords: : p-Aminoazobenzene, malononitrile, acetylacetone, pyrazolo[1,5-a]pyrimidine, hydroxyl amine. 

Several novel arylbisazopyrazolo[1,5-a]pyrimidines were synthesized from diazotization of 4-aminoazobenzene and coupling with 

malononitrile and then refluxed with hydrazine hydrate to give 3,5-diamino-4-arylbisazo-1H-pyrazole.The later compound was diazotized 

and coupled with bifunctional reagents to produce novel heteroarylbisazo dyestuffs. Structural characterization of these novel dyes was 

carried out using IR, 1H NMR, and mass spectroscopy.  
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Introduction 

It has been known for many years that the azo compounds 
are the most widely used class of dyes due to their versatile 
applications in various fields such as dyeing of textile fibers, 
coloring of different materials, biological medical studies 
and advanced applications in organic synthesis.1,2 Azo dyes 
with heterocyclic diazo components have been intensively 
investigated to produce bright and strong colour shades 
ranging from red to greenish blue on synthetic fabrics.3,4 

5-Aminopyrazoles are very important class of 
heterocycles due to their biological and pharmacological 
activities.5,6 These compounds often exhibit anti-
inflammatory, herbicidal, fungicidal, bactericidal, and 
antipyretic activities.6-12 The aminopyrazole compounds 
have been easily obtained by the reaction of nitrile 
derivatives with hydrazine, and are very useful as precursors 
for the synthesis of fused heterocyclic ring systems.13,14 

Reactions of aminopyrazoles with electrophilic reagents 
give rise to various fused annulated heterocyclic systems, 
including pyrazolo[1,5-a]pyrimidines which are synthetic 
analogs of purines. These compounds exhibit a wide 
spectrum of biological activity, in particular enzymatic, 
antibacterial, antiphlogistic and antiparasitic activities.15,16 
They are also used as intermediates in the dyestuff 
industry.17-19 

In continuation of these studies, we report here the 
synthesis of some new bisazopyrazolo[1,5-a]pyrimidine, 
pyridazin, isoxazol, and 1,3,5-triazine thione dyes starting 
with p-aminoazobenzene. 

 

Results and Discussion 

The dye intermediate 2-[4-phenylazo-phenylhydrazono]- 
malononitrile (1) was prepared by the general route20 
involving diazotization of the p-aminoazobenzene and 
coupling of its diazonium salt with malononitrile. 2-[4-
Phenylazo-phenylhydrazono]- malononitrile (1) was reacted 
with hydrazine hydrate and phenyl hydrazine yielding the 
corresponding pyrazole derivatives (2a, b) (Scheme 1).  

 

 

 

 

Scheme 1. Synthesis of pyrazole derivatives. 

The treatment of compound 2a with benzoyl 
isothiocyanate furnished the pyrazol-5-yl-thiourea (3). 
Compound 3 was converted into pyrazolo[3,4-e]as-triazines 
(4) on treatment with acetic acid- hydrochloric acid mixture. 
Structures of both 3 and 4 were proposed for this reaction 
product on the basis of analytical and spectral data. 
Moreover, the reaction of 2a with acrylonitrile was 
investigated as a possible route for the synthesis of 
pyrazolo[1,5-a]pyrimidines. Compound 2a, treated with 
acrylonitrile in boiling pyridine, afforded directly the 
iminopyrazolo[1,5-a]pyrimidine (6) and not the cyano 
ethylation product (5). Compound 6 could be readily 
converted to the corresponding 5-ketopyrazolo[1,5-
a]pyrimidine derivative (7) by refluxing it in a mixture of 
acetic acid–hydrochloric acid or by heating with conc. 
sulfuric acid. On the other hand, the reaction of compound 
2a with ethyl acetoacetate afforded the condensation product 
9 not 8. The m/z fragmentation showed the base beak at 360 
(M+-72) due to the cleavage of amide bond The first step of 
the mechanism involves the condensation of the NH group 
of the pyrazole ring with the carbonyl group, followed by 
dehydration, subsequent nucleophilic cyclization, with the 
loss of ethanol molecule.  
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Similarly, compound 2a reacted with acetylacetone to 
furnish pyrazolo[1,5-a]pyrimidine derivative (10), which 
was confirmed from analytical and spectral data. In a similar 
manner, aminopyrazole 2a also reacted with 2-[4-
phenylazo-phenylhydrazono]-malononitrile 1 in boiling 

DMF to furnish pyrazolo[1,5-a]pyrimidine (11). The 1H 
NMR spectrum of structure 11 showed three singlets at δ = 
2.75, 2.85 and 6.92 ppm corresponding to the three NH2 
groups. IR spectrum showed peaks at 3411, 3275 and 3150 
cm-1 for the NH2 and MS (m/z 581, M+) (Scheme 2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Scheme 2. Reactions of compound (2a). 

Compound 1 reacted with malononitrile to yield 
compound 12. The analytical and spectral data confirmed 
that the reaction product was compound 12 not 13. In order 
to establish the structure of compound 12, 2-amino-1,1,3-
tricyanopropene was coupled with the diazonium salt of p-
aminoazobezene to afford a product which was considered 
to have the structure of compound 13. When compound 13 
was boiled for a short period of time in DMF, a product was 
obtained that was identical in all respects with the product of 
the reaction of compound 1 with malononitrile, thus 
establishing structure 12 for the latter product.21 The IR 
spectrum of compound 12 revealed a broad CN absorption 
in the region 2180–2200 cm-1. This large frequency shift 
may be attributed to the presence of amino and imino groups 
adjacent to the cyano function. Baldwin and co-workers22 
reported CN absorption for o-aminonitriles in the range 
2160–2200 cm-1 (Scheme 3). 

Compound 14 was synthesized via coupling of 
cyanoacethydrazide with the diazonium salt of p-
aminoazobezene. Compound 14 reacted with hydroxylamine 
hydrochloride in cold in the presence of sodium acetate to 
afford 3-amino-4-[4-phenylazophenylhydrazono]-2-
isoxazolin-5-one (15). The cyano group of compound 14 
was condensed with malononitrile in refluxing DMF to yield 

a product which was considered to have the structure of 
compound 16. Structures 14-16 were established on the 
basis of analytical and spectral data (Scheme 4). 

 

 

 

 

 

 

 

 

 

 

Scheme 3. Synthesis of compounds (12) and (13).
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Scheme 4. Synthesis of compounds (14) – (16). 

 

 

 

 

 

 

 

 

 

 

 

 

Scheme 5. Synthesis of compounds (18) and (19). 
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Compound 18 could be obtained via the action of hydrazine 
hydrate on N-methylphenylazo-phenylhydrazono-
malononitrile (17), the latter was synthesized via the action 
of methyl iodide on 1. The IR spectra of compound 18 
showed the strong absorption band at3440-3340 cm-1for the 
amino group (NH2), at 2210 cm-1 for the cyano group (CN), 
and 1600 cm-1 for (N=N). 1H NMR spectrum of structure 18 
revealed a singlet at δ 3.8 (s, 3H) assigned to methyl group, 
and (s, 4H) assigned for the 2-amino groups, and at δ 7.1-7.7, 
(m, 9H) for aromatic protons. The reaction of comound 18 
with benzoyl isothiocynate, in refluxing acetone gives the 
corresponding aminotriazine derivative 19. The IR spectra 
of compound 19 showed the strong absorption band at 3190-
3000 cm-1for the amino group (NH2), at 2200 cm-1 for the 
cyano group (CN) and MS (m/z 420, M+-45) (Scheme 5). 

Experimental 

General  

All melting points were determined using Gallenkamp 
electric melting point apparatus and were uncorrected. The 
IR spectra cm-1 (KBr) were recorded on Perkin Elmer 
Infrared Spectrophotometer Model 157, Grating. The 1H 
NMR spectra were recordedon a Varian Spectrophotometer 
at 200 MHz. using DMSO as a solvent and TMS as internal 
standard (chemical shift in δppm). The mass spectra (EI) 
and purity were recorded on 70 eV with Kratos MS 
equipment and/or a Varian MAT 311 ASpectrometer. The 
chemicals used were of laboratory grade. 

Synthesis of the dyes 

2-(4-Phenylazophenylhydrazono)malononitrile (1). 

To a solution of malononitrile (6.606 g, 0.1 mol) in 
ethanol (100 mL), 5.0 g of anhydrous sodium acetate was 
added. The solution was then treated with diazonium salt of 
p-aminoazobenzene (prepared from p-aminoazobenzene 
(19.724 g, 0.1 mol) and the appropriate quantities of acetic 
acid and sodium nitrite). The reaction mixture was stirred 
for 1 h and the resulting solid was filtered off, washed with 
H2O and recrystallized from ethanol. Yield 80 %, m.p. 155 
oC. IR (KBr/m) 3100 (NH), 2220 (conjugated CN), 1620 
(C=N) and 1600, 1590 (N=N) cm-1. Anal. Calcd for 
C15H10N6 (274.28): C, 65.7; H, 3.70; N, 30.6. Found: C, 
65.2; H, 4.00; N, 30.5. 

3,5-Diamino-4-(4-phenylazophenylazo)-1H-pyrazole (2). 

A mixture of 1 (2.743 g, 0.01 mol) and hydrazine hydrate 
98 % (0.501 g, 0.01 mol) was heated on a boiling water bath 
for 1 h. The reaction mixture was then triturated with 
ethanol and the resulting solid product was filtered off and 
recrystallized from acetic acid. Yield 90 %, m.p. 245 oC. IR 
(KBr/m) 3350–3380 (NH2), 3280 (NH) and 1600–1550 
(N=N) cm-1. MS m/z 307 (M+), 306, 201, 156, 125 and 91. 
Anal. Calcd for C15H14N8 (306.33): C, 58.8; H, 4.60; N, 36.9. 
Found: C, 59.0; H, 4.8; N, 37.0. 

3,5-diamino-4-(4-phenylazophenylazo)pyrazol-3-yl-

benzoylthiourea(3) 

To a solution of benzoyl isothiocyanate in acetone (50 
mL), (2) (30.63 g, 0.1 mol) was added. The reaction mixture 
was refluxed for 2 h and then poured into water, the 
resulting solid product was filtered off and recrystallized 
from ethanol. Yield 70 %, M.p. 190 oC. IR (KBr/m) 3350–
3380 (NH2), 3280, 3330 (NH), 1680 (CO) and 1300 (C=S) 
cm-1. 1H NMR (DMSO, 200 MHz) δ = 5.1 (s,2H, NH2), 
7.3–8.0 (m, 14H, Ar-H), 8.4 (s, 1H, NH), 9.0 (s, 1H, NH) 
and 9.3 (s, 1H, NH). Anal. Calcd for C23H19N9 (421.4): C, 
65.7; H,4.50; N, 29.9. Found: C, 65.4; H, 4.0; N, 29.8.  

7-Amino-2-(4-phenylazophenylazo)-2,3-dihydro-3-oxo-4H-

pyrazolo[3,4-e]-as-triazine (4) 

To a suspension of 3 (4.695 g, 0.01 mol) in acetic acid (20 
mL), concentrated HCl (2 mL) was added. The reaction 
mixture was refluxed for 30 min., and then poured into 
water. The solid product was collected by filtration and 
crystallization from acetic acid. Yield 60 %, m.p. 175 oC. IR 
(KBr/m) 3450 (NH2), 3320 (NH), 1700 (CO) and 1600 
(N=N) cm-1. 1H NMR (DMSO, 200 MHz) δ = 5.2 (s, 2H, 
NH2), 7.3–8.0 (m, 9H, Ar-H) and 9.0 (s, 1H, NH). MS m/z 
335 (M+), 329, 323, 271, 237, 208, 167 and 57. Anal. Calcd 
for C16H13N8O (333.33): C, 57.8; H, 3.90; N, 33.7. Found: C, 
58.0; H, 3.4; N, 33.8. 

2-Amino-5-imino-4,5,6,7-tetrahydro-3-(4-phenylazophenylazo)-

pyrazolo[1,5-a]pyrimidine (6) 

A solution of 2a (30.63 g, 0.1 mol), in pyridine (40 mL) 
and water (10 mL), was treated with ethyl acrylate (10.01 g, 
0.1 mol). The mixture was refluxed for 4 h. The reaction 
mixture was then poured into water and the solid product 
was collected by filtration and recrystallized from ethanol. 
Yield 90 %, m.p. 240 oC. IR (KBr/m) 3390– 3330 (NH2), 
3120 (NH) and 1600 (N=N) cm-1. 1H NMR (DMSO, 200 
MHz) δ = 2.1 (t, 2H, CH2), 2.7 (t, 2H, CH2), 5.1 (s, 2H, 
NH2), 7.1–8.0 (m, 9H, Ar-H) and 8.8 (s, 1H, NH). Anal. 
Calcd for C18H17N9 (359.4): C, 60.2; H, 4.80; N, 35.1. 
Found: C, 60.3; H, 5.0; N, 35.4. 

2-Amino-4,5,6,7-tetrahydro-3-(4-phenylazophenylazo)-

pyrazolo[1,5-a]pyrimidin-5-one (7) 

To a suspension of 6 (35.94 g, 0.1 mol) in acetic acid (30 
mL) conc. HCl (5 mL, 37.5%) was added. The reaction 
mixture was refluxed for 2 h and then poured into water. 
The product was filtered off and recrystallized from ethanol. 
Yield 80 %, Mp: 210 oC. IR (KBr/m) 3390, 3330 (NH2), 
3120 (NH), 1670 (ring CO) and 1600 (N=N) cm-1. 1H NMR 
(DMSO, 200 MHz) δ = 2.5 (t, 2H, CH2), 2.9 (t, 2H, CH2), 
4.9 (s, 2H, NH2), 7.1–8.0 (m, 9H, Ar-H) and 8.4 (s, 1H, 
NH). MS m/z 360 (M+), 306, 255, 217, 197, 167, 92 and 77. 
Anal. Calcd for C18H16N8O (360.4): C, 60.0; H, 4.50; N, 
31.1. Found: C, 59.9; H, 4.2; N, 31.0. 
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General procedure for the synthesis of (9) and (10) 

Equimolar amounts of 2a (3.063 g, 0.01 mol) and ethyl 
acetoacetate (1.301 g, 0.01 mol) or acetylacetone (1.001 g, 
0.01 mol) were heated at 160 oC (bath temperature) for 8 h. 
The solid product was filtered and crystallized from the 
proper solvent.  

Compound 9: Yield 80 %, m.p. >300 oC. IR (KBr/m) 
3400 (NH2), 3330 (NH) and 1700(CO) cm-1. 1H NMR 
(DMSO, 200 MHz) δ = 2.5 (s, 3H, CH3), 5.6 (s, 1H, CH 
ring), 7.0–8.0 (m, 9H, Ar-H) and 11.1 (s, 1H, NH). Anal. 
Calcd for C19H16N8O (372.4): C, 61.3; H, 4.30; N, 30.1. 
Found: C, 61.1; H, 4.2; N, 30.0.  

Compound 10: Yield 70 %, m.p. 220 oC. IR (KBr/m) 3420, 
3380 (NH2), 3310 d (NH), 1600 (N=N) and 1580 (C=C) cm-

1. 1H NMR (DMSO, 200 MHz) δ = 2.2 (s, 3H, CH3), 2.3 (s, 
3H, CH3), 5.5 (s, 1H, H6-ring), 5.7 (s, 2H, NH2), 7.1–8.0 (m, 
9H, Ar-H). Anal. Calcd forC20H18N8 (370.4): C, 64.8; H, 
4.90; N, 30.3. Found: C, 65.0; H, 4.6;N, 30.6. 

3,6-Bis(4-phenylazophenylazo)-2,5,7-triaminopyrazolo[1,5-a]-

pyrimidine (11) 

A mixture of 2a (30.63 g, 0.1 mol) and 1 (27.43 g, 0.1 
mol) was refluxed in DMF for 1 h. The reaction mixture was 
then poured into water, the solid product was collected by 
filtration and recrystallized from DMF/H2O mixture. Yield 
60 %, m.p. >300 oC. IR (KBr/m) 3411, 3275, 3150 (NH2, 
NH), and 1600–1550 (N=N) cm-1. 1H NMR (DMSO, 200 
MHz) δ = 2.75 (s, 2H, NH2), 2.85 (s,2H, NH2), 6.92 (s, 2H, 
NH2), 7.4–8.1 (m, 18H, Ar-H). MS m/z 581(M+), 522, 391, 
337, 256, 201, 128 and 77. Anal. Calcd forC30H24N14 
(580.6): C, 62.1; H, 4.20; N, 33.8. Found: C, 62.4; H,4.0; N, 
33.5.  

4-Amino-3,5-dicyano-6-imino-1-(4-phenylazophenyl)pyridazine 

(12) 

A solution of 1 (2.743 g, 0.01 mol) and malononitrile 
(0.661 g, 0.01 mol) in pyridine (30 mL) was refluxed for 10 
h. It was then cooled and poured into water. The solid 
product so formed was collected by filtration and 
crystallized from DMFYield 80 %, m.p. >300 oC. IR 
(KBr/m): 3340–3000 (NH2, NH), 2180, 2220 (CN), 1600 
and 1550 (N=N) cm-1. MS m/z 340 (M+), 159. Anal. Calcd 
for C18H12N8 (340.3): C, 63.5; H, 3.60; N, 32.9. Found: C, 
63.2; H, 3.8; N, 33.0. Compound 12 was also obtained in 
70 % yield via cyclization of 13 by refluxing in DMF for 10 
min and working up the reaction mixture. 

2-Amino-1,1,3-tricyano-3-(4-phenylazophenylhydrazono)pro-

pene (13) 

To a solution of 2-amino-1,1,3-tricyanopropene (prepared 
by dimerization of malononitrile by the reported method23) 
(0.1 mol) in ethanol (100 mL), (5.0 g) of anhydrous sodium 
acetate was added. The solution was then treated with a 
solution of diazonium salt of 4-aminoazobenzene (prepared 

from (19.724 g, 0.1 mol) p-aminoazobenzene, acetic acid 
and the appropriate quantities of sodium nitrite). The 
reaction mixture was stirred for1 h. The resulting solid 
product was collected by filtration, washed several times 
with water and recrystallized from ethanol. Yield 82 %, m.p. 
>300 oC. IR (KBr/m) 3380–3066 (NH2, NH-bands, broad), 
2216, 2203 (two conjugated CN group), 1641 (C=N) and 
1534(N=N) cm-1. Anal. Calcd for C18H12N8 (340.3): C, 63.5; 
H, 3.6; N, 32.9.Found: C, 63.8; H, 3.3; N, 33.1. 

Phenylazophenylhydrazonocyanoacethydrazide (14) 

To a solution of (2.09 g, 0.01 mol) diazonium salt of p-
aminoazobenzene, a solution of (0.89 g, 0.01 mol), 
acethydrazide containing 2 g sodium acetate was added. The 
solid product so formed was collected by filtration and 
crystallized from etanol. Yield 90 %, m.p. 137 oC. IR 
(KBr/m) 3340–3000 (NH2, NH), 2180, 2220 (CN), 1678 
(CO) and 1550 (N=N) cm-1. Anal. Calcd for C15H13N7O 
(307.3): C, 58.6; H, 4.3; N, 31.9. Found: C, 58.4; H, 4.0; N, 
32.1. 

5-Amino-4-(4-phenylazophenylazo)-3-isoxazolone (15) 

A solution of 14 (3.07g, 0.01 mol) in ethanol (50 mL) was 
treated with hydroxylamine hydrochloride (0.71g, 0.01 mol) 
and 2 g sodium acetate. The reaction mixture was stirred for 
4 h. The resulting solid product was collected by filteration 
and recrystallized from methanol. Yield 50 %, m.p. 190 oC. 
IR (KBr/m) 3340–3000 (NH2, NH-band, broad), 1690 (CO) 
and 1600 (N=N) cm-1. 1H NMR (DMSO, 200 MHz) δ = 
6.75 (s, 2H, NH2), 8.4 (s, 1H, NH), 7.4–8.1 (m, 9H, Ar-H). 
Anal. Calcd for C15H12N6O2 (308.3): C, 58.4; H, 3.9; N, 27.3. 
Found: C, 58.5; H, 4.0; N, 27.5.  

4-(4-Phenylazophenylazo)-5-oxo-2-pyrazolin-3-ylmalononitrile 

(16) 

A solution of (3.07g, 0.01 mol) of 14 in 50 mL DMF was 
treated with (0.56g, 0.01 mol) of malononitrile. The reaction 
mixture was stirred for 30 min and then poured into water. 
The resulting solid product was collected by filtration and 
recrystallized from methanol-water mixture. Yield 70 %, 
m.p. 295 oC. IR (KBr/m) 3250–3000 (NH-band, broad), 
2200 (CN), 1680 (CO) and 1500 (N=N) cm-1. MS m/z 356 
(M+). Anal. Calcd for C18H12N8O2 (372.3): C, 58.1; H, 3.2; 
N, 30.1. Found: C, 58.4; H, 3.5; N, 30.6. 

N-Methylphenylazophenylhydrazonomalononitrile (17) 

To a solution of (2.74g, 0.01 mol) phenylazo-
phenylhydrazono malononitrile in acetone (50 mL), 
methyliodide (1.42g, 0.01 mol) and 2 g of anhydrous 
potassium carbonate was added. The reaction mixture was 
refluxed for 90 min, the solvent was evaporated, the solid 
product was collected by filtration and recrystallized from 
methanol. Yield 70 %, m.p. 145 oC. IR (KBr/m) 3440–3340 
(NH-band, broad), 2200 (CN), and 1500 (N=N) cm-1. 1H 
NMR (DMSO, 200 MHz) δ = 3.8 (s, 3H, CH3), δ 5.5, 5.3 (s, 
4H, 2NH2), 7.7–8.1 (m, 9H, Ar-H).  Anal. Calcd for 
C16H12N6 (288.3): C, 66.7; H, 4.2; N, 29.2. Found: C, 66.4; 
H, 4.0; N, 30.2. 
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N-Methylphenylazophenylhydrazonocyanoacetamidrazone (18) 

A solution of (2.9g, 0.01 mol) of 17 in ethanol (50 mL) 
was treated with 98 % hydrazine hydrate (0.501 g, 0.01 mol). 
The reaction mixture was refluxed for 90 min, then the 
solvent was evaporated, the solid product was collected by 
filtration and recrystallized from ethanol. Yield 70 %, m.p. 
172 oC. IR (KBr/m) 3440–3340 (NH2, broad), 2216 (CN), 
1680 (CO), and 1550 (N=N) cm-1. Anal. Calcd for C16H16N8 
(320.4): C, 60.0; H, 5.0; N, 35.0. Found: C, 60.2; H, 4.8; N, 
35.2. 

Reaction of (18) with benzoylisothiocyanate 

To a solution of benzoylisothiocyanate (1.31g, 0.01 mol) 
in acetone, 18 (3.2g, 0.01 mol) was added. The reaction 
mixture was refluxed for 2 h., the solvent was evaporated, 
the solid product was collected by filtration and 
recrystallized from DMF-water mixture to give 1-amino-
1,3,5-triazine derivative (19). Yield 40%, m.p. 145 oC. IR 
(KBr/m) 3190–3000 (NH2), 220 (CN), and 1570 (N=N) cm-1. 
MS m/z 420 (M+- 59). Anal. Calcd for C24H19N9S (465.5): C, 
61.9; H, 4.1; N, 27.1 S, 6.9. Found: C, 61.4; H, 3.9; N, 
28.5.S, 6.68 

Conclusions 

In this work, a series of bisazopyrazolo[1,5-a]pyrimidine, 
pyridazine, isoxazole, and triazine dyes have been 
synthesized. IR, 1H NMR, and mass spectroscopy for the 
prepared compounds are in good agreement with the 
proposed structures.  
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ENERGY CRITERIA IN BIOSYSTEMS 
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Keywords: Potential gradient; corpuscular-wave dualism; Spatial-energy parameter; biosystems; stationary and pathological states. 

An analysis of the orientation of structural interactions was carried out on the basis of the first law of thermodynamics. In the systems in 

which the interaction proceeds along the potential gradient (positive work), the resultant potential energy is found based on the principle of 

adding reciprocals of corresponding energies of subsystems - there is a corpuscular mechanism. In the systems in which the interactions 

proceed against the potential gradient (negative performance) the algebraic addition of their masses, as well as the corresponding energies 

of subsystems is performed - there is a wave mechanism. Act of quantum action expressed via Plank’s constant is narrowed to the energy 

equilibrium-exchange redistribution between the corpuscular and wave processes, which is demonstrated via the angular vector of such 

motion. Energy characteristics of functional states of bio-systems are defined basically by P-parameter values of atom first valence electron. 

The principles of stationary biosystem formation are similar to the conditions of wave processes in the phase. Under the condition of the 

minimum of such interactions, the pathological (but not stationary) biostructures containing the molecular hydrogen can be formed. 
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Introduction 

To obtain the dependence between energy parameters of 
free atoms and degree of structural interactions in simple 
and complex systems is one of the strategic tasks in physical 
chemistry. Classical physics and quantum mechanics widely 
use Coulomb interactions and their variations for this.      

Thus in Van der Waals treatment, 1 orientation and charge-
dipole interactions are referred to electron-conformation 
interactions in bio-systems and as a particular case, 
exchange-resonance transfer of energy. But biological and 
many cluster systems are electroneutral in structural basis. 
Therefore non-Coulomb equilibrium-exchange spatial-
energy interactions, i.e. non-charge electrostatic processes, 
are mainly important for them.  

The structural interactions of summed electron densities of 
valence orbitals of corresponding conformation centres take 
place, that is processes of equilibrium flow of electron 
densities, due to overlapping of their wave functions.  

Heisenberg and Dirac2 proposed the exchange 
Hamiltonian assuming a direct overlapping of wave 
functions of interacting centres,  H̅ = −I0S1S2, where: Н̅ = 
spin operator of isotropic exchange interaction for pair of 
atoms, I0 is the  exchange constant, S1 and S2 are the 
overlapping integrals of wave functions. In this model 
electrostatic interactions are modelled by effective 
Hamiltonian exchange acting in the space of spin functions. 
In particular, such approach is applied to the analysis of 
structural interactions in cluster systems. It was 
demonstrated in Anderson’s works3 that in compounds of 
transition elements when the distance between paramagnetic 
ions considerably exceeds the total of their covalent radii, 
“superexchange” processes of overlapping cation orbitals 
take place through the anion between them. 

In this work similar equilibrium-exchange processes are 
evaluated through the notion of spatial-energy parameter, 
the Р-parameter. 

Principles of adding energy characteristics of 
interactions 

The analysis of kinetics of various physical and chemical 
processes shows that in many cases the reciprocals of 
velocities, kinetic or energy characteristics of the 
corresponding interactions are added. It is also known from 
classical mechanics that the relative motion of two particles 
with the interaction energy U(r) takes place as the motion of 
material point with the reduced mass μ (eqn. 1), in the field 
of central force U(r), and general translational motion,  as a 
free motion of material point with the mass (eqn.2). Such 
relationships are known in quantum mechanics as well.4  

    
1

𝜇
=

1

𝑚1
+

1

𝑚2
    (1) 

 

    𝑚 = 𝑚1 + 𝑚2    (2) 

 

For moving thermodynamic systems, the first rule of 
thermodynamics is given by eqn. (3), where E = amount of 
energy transferred to the system, 𝑑(𝑈 + 𝑚𝑣2/
2) characterizes the changes in internal and kinetic energies 
of the system, +A is the work performed by the system and 
−A is the work performed with the system. 

    𝛿𝐸 = 𝑑 (𝑈 +
𝑚𝑣2

2
) ± 𝛿𝐴  (3) 

As the work value numerically equals the change in the 
potential energy, then 

          +𝛿𝐴 =  −∆𝑈      (4) 

and        – 𝛿𝐴 = +∆𝑈    (5) 
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The character of the change in the potential energy value 
(U) was analyzed by its sign for various potential fields 
and the results are given in Table 1. From the Table 1 it can 
be seen that the values –U and accordingly +A (positive 
work) correspond to the interactions taking place along the 
potential gradient, and U and −A (negative work) occur 
during the interactions against the potential gradient. 

The solution of the interaction of two material points with 
masses m1 and m2 obtained under the condition of the 
absence of external forces, corresponds to the interactions 
flowing along the gradient, the positive work is performed 
by the system (similar to the attraction process in the 
gravitation field).  

Table 1. Direction of the interaction processes. 

No. Systems Type of 

potential 

field 

Process U r2/r1; 

x2/x1 

 

U2/U1 

 

Sign 

U 

Sign 

A 

Direction of 

potential field  

1 opposite 
electrical 
charges  

electrostatic  attraction 
−𝑘

𝑞1𝑞2

𝑟
 𝑟2 < 𝑟1 𝑈2 > 𝑈1 - + along the 

gradient 

repulsion 
−𝑘

𝑞1𝑞2

𝑟
 𝑟2 > 𝑟1 𝑈2 < 𝑈1  + - against the 

gradient 

2 similar 
electrical 

charges 

electrostatic attraction 
𝑘

𝑞1𝑞2

𝑟
 𝑟2 < 𝑟1 𝑈2 > 𝑈1 + - against the 

gradient 

repulsion 
𝑘

𝑞1𝑞2

𝑟
 𝑟2 > 𝑟1 𝑈2 < 𝑈1 - + along the 

gradient 

3 elementary 
masses m1 
and m2 

gravitational  attraction 
−𝛾

𝑚1𝑚2

𝑟
 𝑟2 < 𝑟1 𝑈2 > 𝑈1 - + along the 

gradient 

repulsion 
−𝛾

𝑚1𝑚2

𝑟
 𝑟2 > 𝑟1 𝑈2 < 𝑈1 + - against the 

gradient 

4 spring 
deformation  

field of elastic 
forces 

compression 
𝑘

𝛥𝑥2

2
 

𝑥2 < 𝑥1 𝑈2 > 𝑈1 + - against the 
gradient 

extension 
𝑘

𝛥𝑥2

2
 

𝑥2 > 𝑥1 𝑈2 > 𝑈1 + - against the 
gradient 

5 photoeffect  electrostatic repulsion 
𝑘

𝑞1𝑞2

𝑟
 𝑟2 > 𝑟1 𝑈2 < 𝑈1 - + along the 

gradient 

 

Table 2. Р-parameters of atoms calculated via the electron bond energy. 

Atom Valence electrons W, eV ri, Å q0
2

, eVÅ Р0, eVÅ R, Å РE= Р0/R, eV 

H 1S1 

 

 

13.595 

 

 

0.5292 

 

 

14.394 

 

 

4.7969 

 

 

0.5292 

0.375 

0.28 

9.0644 

12.792 

17.132 

С 2P1 

 

 

2P2 

 

 

2P3
г 

2S1 

2S2 

2S1+2P3
г 

2S1+2P1
г 

2S2+2P2 

11.792 

 

 

11.792 

 

 

 

19.201 

 

 

 

0.596 

 

 

0.596 

 

 

 

0.620 

 

35.395 

 

 

35.395 

 

 

 

37.240 

 

 

5.8680 

 

 

10.061 

 

 

13.213 

9.0209 

14.524 

22.234 

13.425 

24.585 

24.585 

0.77 

0.67 

0.60 

0.77 

0.67 

0.60 

0.77 

0.77 

0.77 

0.77 

0.77 

0.77 

0.67 

0.60 

7.6208 

8.7582 

9.780 

13.066 

15.016 

16.769 

17.160 

11.715 

18.862 

28.875 

17.435 

31.929 

36.694 

40.975 
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N 2P1 

 

2P2 

 

2P3 

 

2S2 

2S2+2P3 

15.445 

 

 

 

 

 

25.724 

 

0.4875 

 

 

 

 

 

0.521 

 

52.912 

 

 

 

 

 

53.283 

 

6.5916 

 

11.723 

 

15.830 

 

17.833 

33.663 

0.70 

0.55 

0.70 

0.63 

0.70 

0.55 

0.70 

0.70 

9.4166 

11.985 

16.747 

18.608 

22.614 

28.782 

25.476 

48.090 

O 2P1 

2P1 

2P2 

 

2P4 

 

2S2 

2S2+2P4 

 

17.195 

 

17.195  

 

17.195 

 

33.859 

 

0.4135 

 

0.4135 

 

0.4135 

 

0.450 

 

71.383 

 

71.383 

 

71.383 

 

72.620 

 

6.4663 

 

11.858 

 

20.338 

 

21.466 

41.804 

0.66 

0.55 

0.66 

0.59 

0.66 

0.59 

0.66 

0.66 

0.59 

9.7979 

11.757 

17.967 

20.048 

30.815 

34.471 

32.524 

63.339 

70.854 

 

The solution of this equation via the reduced mass ()  is 
the Lagrangian equation for the relative motion of the 
isolated system of two interacting material points with 
masses m1 and m2, which in coordinate х is as follows. 

    𝜇 ∙ 𝑥" = −
𝑈

𝑥
    (6) 

Here U is the mutual potential energy of material points,  
is reduced mass. At the same time, х″ = a (feature of the 
system acceleration). For initial portions of the interactions 
∆х can be taken as follows. 

  
𝑈

𝑥
≈

∆𝑈

∆𝑥
     (7a) 

that is    

𝜇𝑎∆𝑥 = −∆𝑈      (7b) 

then 
1

1/(𝑎∆𝑥)
×

1

(1/𝑚1+1/𝑚2)
≈ −∆𝑈  (7c) 

 
and   

  
1

1/(𝑚1𝑎∆𝑥)+1/(𝑚2𝑎∆𝑥)
≈ −∆𝑈  (8) 

 

or   

 
1

∆𝑈
≈

1

∆𝑈1
+

1

∆𝑈2
     (9) 

where ∆U1 and ∆U2 are potential energies of material points 
on the elementary portion of interactions and ∆U is the 
resulting (mutual) potential energy of these interactions. 
Therefore: 

1. In the systems in which the interactions proceed along 
the potential gradient (positive performance), the resulting 
potential energy is found based on the principle of adding 
reciprocals of the corresponding energies of subsystems.5 
Similarly, the reduced mass for the relative motion of two-
particle system is calculated.  

2. In the systems in which the interactions proceed against 
the potential gradient (negative performance), the algebraic 
addition of their masses, as well as the corresponding 

energies of subsystems, is performed (by the analogy with 
Hamiltonian). 

Spatial-energy parameter (P-parameter) 

From the Eqn. (9) it is seen that the resulting energy 
characteristic of the system of two material points 
interaction is based on the principle of adding reciprocals of 
initial energies of interacting subsystems.  

Electron with mass m moving near the proton with mass 
М is equivalent to the particle with mass as given in eqn. 
(10).6 

    𝜇 =
𝑚𝑀

𝑚+𝑀
     (10) 

Therefore, when modifying the eqn. (6), we can assume 
that the energy of atom valence orbitals (responsible for 
interatomic interactions) can be calculated5 by the principle 
of adding reciprocals of some initial energy components 
based on the following equations.  

    
1

𝑞2/𝑟i
+

1

𝑊i𝑛i
=

1

𝑃E
   (11) 

 

    
1

𝑃0
=

1

𝑞2 +
1

(𝑊𝑟𝑛)i
   (12) 

 

    𝑃E =
𝑃0

𝑟i
     (13) 

Here Wi  is the electron orbital energy,7 ri is orbital radius 
of i–orbital,8 q=Z*/n*,9 ni  is the number of electrons of the 
given orbital, Z* and n* are nucleus effective charge and 
effective main quantum number and r is the  bond 
dimensional characteristics.  

Р0 was called spatial-energy parameter (SEP), and РE – 
effective Р–parameter (effective SEP). Effective SEP has 
physical sense of some averaged energy of valence electrons 
in the atom and is measured in energy units, e.g. electron-
volts (eV). The values of Р0-parameter are tabulated 
constants for the electrons of the given atom orbital. For 
dimensionality, SEP can be written down as eqn. (14). 
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[𝑃0] = [𝑞2] = [𝐸] × [𝑟] = [ℎ] × [𝑣] =
𝑘𝑔×𝑚3

𝑠2 = 𝐽 × 𝑚 (14) 

where [E], [h] and [υ] are dimensions of energy, Planck’s 
constant and velocity, respectively. Thus Р-parameter 
corresponds to the processes going along the potential 
gradient.  

The introduction of Р-parameter should be considered as 
further development of quasi-classical notions using 
quantum-mechanical data on atom structure to obtain the 
criteria of energy conditions of phase-formation. At the 
same time, for the systems of similarly charged 
homogeneous systems (e.g., orbitals of the given atom) the 
principle of algebraic addition of such parameters is 
preserved. 

    ∑ 𝑃E = ∑(𝑃0/𝑟)   (15) 

 

or 

    𝑟 ∑ PE = ∑ 𝑃0    (16) 

 

The Р-parameters of valence orbitals of all the atoms are 
given in Table 2. 

According to the established rule5 about addition of P-
parameters of similarly charged or homogeneous systems 
for two orbitals in the given atom with different quantum 
characteristics and also according to the energy conservation 
rule we have eqn. (17), where Ek=mv2/2 and is electron 
kinetic energy. 

   
𝑑2𝑃0

𝑑𝑥2 +
8𝜋2𝑚

ℎ2 𝑃0𝐸k = 0   (17) 

 

Schrodinger equation for the stationery state in coordinate 
х is given in eqn. (18). 

   
𝑑2𝜓

𝑑𝑥2 +
8𝜋2𝑚

ℎ2 𝜓𝐸k = 0   (18) 

By comparing these two equations, we see that Р0-
parameter correlates numerically with the values of 𝜓  -
function i.e., 𝑃0 ≈ 𝜓, and is generally proportional to it or 
Р0~ 𝜓. Taking into account the broad practical opportunities 
of applying the P-parameter methodology, we can consider 
this parameter as the materialized analog of 𝜓 -function. 
Since Р0-parameters like 𝜓-functions have wave properties, 
the superposition principles should be fulfilled for them also, 
defining the linear character of the equations of adding and 
changing P-parameters. 

Structural exchange spatial-energy interactions 

In the process of solid solution formation and other 
structural equilibrium-exchange interactions the single 
electron density should be set in the points of atom-
component contact. This process is accompanied by the 
redistribution of electron density between the valence areas 
of both particles and transition of the part of electrons from 
some external spheres into the neighbouring ones. 

Apparently, the frame atom electrons do not take part in 
such exchange.  

Obviously, when electron densities in free atom-
components are similar, the transfer processes between 
boundary atoms of particles are minimal. This will be 
favourable for the formation of a new structure. Thus, the 
evaluation of the degree of structural interactions in many 
cases means the comparative assessment of the electron 
density of valence electrons in free atoms (on averaged 
orbitals) participating in the process, which can be 
correlated with the help of P-parameter model.   

The less is the difference (Р'0/r'i – P"0/r"i), the more 
favourable is the formation of a new structure or solid 
solution from the energy point of view.  

In this regard, the maximum total solubility, evaluated via 
the coefficient of structural interaction , is determined by 
the condition of minimum  value, which represents the 
relative difference of effective energies of external orbitals 
of interacting subsystems (eqns. 19 and 20), where РS, the  
structural parameter is found by the eqn. (21), where N1 and 
N2 are the  number of homogeneous atoms in subsystems. 
(Table 3). 

   𝛼 =
𝑃′

o/𝑟′
i−𝑃"o/𝑟"i

(𝑃′
o/𝑟′

i−𝑃"o/𝑟"i)/2
100%  (19) 

 

   𝛼 =
𝑃′c−𝑃"c

𝑃′c+𝑃"c
200%    (20) 

 

   
1

𝑃c
=

1

𝑁1𝑃′E
+

1

𝑁2𝑃"E
+ ⋯   (21) 

 

Table 3. Structural РC-parameters calculated via the electron bond 
energy. 

Radicals, 

molecule 

fragments 

РE
/ , eV РE

//, eV  PC, eV Orbitals 

ОН 

9.7979 

30.815 

17.967 

9.0644 

17.132 

17.132 

4.7084 

11.011 

8.7710 

O (2P1) 

O (2P4) 

O (2P2) 

Н2О 
2·9.0644 

2·17.132 

17.967 

17.967 

9.0237 

11.786 

O (2P2) 

O (2P2) 

СН2 

17.160 

31.929 

36.694 

2·9.0644 

2·17.132 

2·9.0644 

8.8156 

16.528 

12.134 

С (2S12P3
г) 

С (2S22P2) 

С (2S12P3
г) 

СН3 
31.929 

15.016 

3·17.132 

3·9.0644 

19.694 

9.6740 

С (2S22P2) 

С (2P2) 

СН 
36.694 

17.435 

17.132 

17.132 

11.679 

8.6423 

С (2S22P2) 

С (2S22P2) 

NH 
16.747 

48.090 

17.132 

17.132 

8.4687 

12.632 

N(2P2) 

N(2S22P3) 

NH2 

18.608 

16.747 

28.782 

2·9.0644 

2·17.132 

2·17.132 

9.1827 

12.631 

18.450 

N(2P2) 

N(2P2) 

N(2P3) 

С2Н5 2·31.929 5·17.132 36.585 С (2S22P2) 

NO 
18.608 

28.782 

17.967 

20.048 

9.1410 

11.817 

N(2P2) 

N(2P3) 

СН2 31.929 2·9.0644 11.563 С (2S22P2) 

http://www.multitran.ru/c/m.exe?t=4048879_1_2
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СН3 16.769 3·17.132 12.640 С (2P2) 

СН3 17.160 3·17.132 12.865 С (2P3
г) 

СО–ОН 8.4405 8.7710 4.3013 С (2P2) 

СО 31.929 20.048 12.315 С (2S22P2) 

С=О 15.016 20.048 8.4405 С (2P2) 

С=О 31.929 34.471 16.576 О (2P4) 

СО=О 36.694 34.471 17.775 О (2P4) 

С–СН3 31.929 19.694 12.181 С (2S22P2) 

С–СН3 17.435 19.694 9.2479 С (2S12P1) 

С–NH2 31.929 18.450 11.693 С (2S22P2) 

С–NH2 17.435 18.450 8.8844 С (2S12P1) 

С–ОН 8.7572 8.7710 4.3821  

 

Applying the reliable experimental data we obtain the 
nomogram of structural interaction degree dependence (𝜌) 
on coefficient , for a wide range of structures (Figure 1). 

 

 

 

 

 

 

 

Figure 1. Nomogram of structural interaction degree dependence 
(ρ) on coefficient α. The curve 2 is for biosystems. 

This approach gives the possibility to evaluate the degree 
and direction of the structural interactions of phase 
formation, isomorphism and solubility processes in multiple 
systems, including molecular ones. 

Corpuscular-wave mechanism 

The formalism of the Eqns. (11), (12) and (21) is not 
principally new. Already in 1924 the following equation was 
obtained based on Compton’s effect. 

   
1

ℎ𝑣′
=

1

ℎ𝑣
+

1−cos 𝜃

𝑚𝑐2     (22) 

Here, hν' the energy of scattered photon, hν is energy of 
incident photon, mc2 is the own energy of electron and  is 
the scattering angle. At the same time, the energy of photons 
decreases by the value additionally obtained by the electron. 
In this way the act of quantum action takes place, resulting 
in the energy redistribution between the corpuscular and 
wave properties of the interacting systems. In this process, 
the same as in photo effect, the interaction proceeds along 
the potential gradient and the work is positive.  

During the quantum transitions in the atom, similarly 
charged particles (electrons) interact by irradiation, i.e., by 
the wave process. At the same time, for dissimilarly charged 
particles (electrons and nucleus of atoms) the process goes 
along the potential gradient, i.e., by corpuscular mechanism. 

It is known that a particle can have three main motions, 
translational, rotational and oscillatory. But quantum 
mechanics does not consider the issue of electron trajectory 
as we can speak only of the possibility of its location in the 
given point in space. But an electron also moves if this 
translational motion goes along the potential gradient, then it 
corresponds to corpuscular process, and rotational motion to 
wave one. Electric current is the motion of electrons along 
the potential gradient. 

If we assume that the magnetic field generated by it is a 
wave process, there has to be a ratio between the electric 
and magnetic constants. The difference of phases of electric 
and magnetic oscillations in electromagnetic wave is π/2. 
Having introduced the coefficient (2/π)2, we have the 
equation for Plank’s constant with the accuracy close to the 
initial data themselves.  

   ℎ = (4/𝜋2 + 𝑎)𝑃𝑒𝜀/𝜇   (23) 

Here а = 0.0023293 and is defined as experimental quantum 
correction to spin gs-factor of the electron, ɛ is the electric 
constant, µ = magnetic constant and h is Plank’s constant. 
For a free electron Pе = Wr, where W = 0.510034 МeV = 
0.81872x10-13 J. The value of classical radius of electron r = 
2.81794x10-15 m was used as the dimensional characteristic 
and, therefore, Ре = 2.30712x10-28 Jm.   

The proportionality coefficient in the eqn. (23) has the 
velocity dimensionality (m s-1) for the ratio (F/Hn), i.e. in 
such way the rate of energy redistribution in the system 
“particle-wave” is characterized. Therefore, the act of 
quantum action expressed via Planck’s constant is narrowed 
to the energy equilibrium-exchange redistribution between 
the corpuscular and wave processes.  

Generalizing the formalism of the eqns. (11), (12) and 
(21) onto all other interactions flowing along the potential 
gradient, we can make the conclusion that corpuscular 
processes take place in these cases, and wave dualism 
corresponds to the interactions against the potential gradient. 

Corner angles 

Let us consider some macro processes important in this 
case. The silkworm winds the natural (organic) silk thread 
only at a definite rotation angle. In cosmonautics the 
cellulose-viscose thread is wound around the metal cylinder 
of the spaceship following the special technology, and, what 
is important, at the same winding angle as the silkworm. 
The spaceship becomes most durable, more technologically 
high-quality and lighter.11-13 We can also speak of other 
examples of such phenomenon. This angle (mainly as 
applicable to organic systems) was called the geodesic 
angle: φg = 54.73º = 54º44'.  

The notions of breaking stress in the process of plastics 
stretching by its winding pitch has been reported in 
literature,12,13 where σα = axial and σβ = circumferential 
stress, which are replaced by the value Nα = axial effort and 
Nβ = circumferential effort proportional to them. At the 
same time, the following equation is fulfilled. 

       
𝜎β

𝜎α
=  

𝑁β

𝑁α
=  tg2𝜑g  =  2   (24) 
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This condition allows the formation of equally tensioned 
system of threads with the minimal item weight.13 Thus, the 
rotation angle numerically determines the ratio of two legs 
of the triangle, whose values characterize energy and 
dependencies in the system with quantum and wave 
processes through axial and circumferential stresses. 

All this is broadly demonstrated in macro- and micro-
processes. Below are some examples.  

(1) Characteristic of spin-orbital interaction – constant of 
fine structure α = r/λ, where r = classical radius of electron, 
λ = its Compton wavelength.   

(2) Formally, but similarly: the interaction force of two 
long conductors with current is proportional to the ratio 
l/2πr, where l = length of conductors and r is the distance 
between them.   

(3) π equals the ratio of circumference length to its 
diameter. 

(4) In quantum mechanics the ratio of magnetic moment 
to its mechanical moment is called the magnetomechanic 
ratio, g. At the same time, gs = 2, if the magnetic moment of 
an electron is conditioned only by the spin component, and g 
= 1, if it is produced by the orbital motion of electrons. 
Their ratio gs/g = 2, the same as tg2φg =2, which 
characterizes the existing corpuscular-wave dependencies.   

In these examples, as in many others, such approach 
allows evaluation of structural interactions based on 
corpuscular and wave dependencies in each action act, e.g., 
in the equation of dependence of rotational and orbital 
motion of planets.14 Using the algorithm in the ratio ρ/α to 
obtain the linear dependence with the rotation angle φ and in 
accordance with the Eqn. (24) we have:  

   ln(ρ/α)= tgφ     (25) 

In homogeneous systems with the closeness of values of 
their P-parameters (wave process) if α→0, then tgφ→∞ and 
φ=90°. In the corpuscular mechanism of interaction if α→∞, 
then tgα→0, and φ=0. In general case, in the system 
“particle-wave” the rotation angle φ changes from 0° (at ρ = 
0 %) up to 90° (at ρ = 100 %). It can be assumed that 
equally strained system is obtained under the condition of 
approximate equality of corpuscular and wave parameters, 
i.e. at the geodesic angle ρ = 50 %. Then the calculation of 
the coefficient α by the eqn. (25) gives 12.16 %, 
approximately corresponding to the coordinates obtained in 
nomogram in figure 1. Similar types by this nomogram and 
its reverse-reading variants are the graphic characteristics of 
many phenomena and processes in nature, engineering and 
economy. Therefore, such S-curves have been called “Lines 
of life”.  

Bio-structural energy criteria of functional states 

Isomorphism as a phenomenon is usually considered as 
applicable to crystal structures. But, obviously, similar 
processes can also flow between molecular compounds, 
where the bond energy can be evaluated via the relative 
difference of electron densities of valence orbitals of 
interacting atoms. Therefore, the molecular electronegativity 

is quite easily calculated via the values of the corresponding 
P-parameters. Since Р-parameter possesses wave properties 
(similar to φ-function), mainly the regularities in the 
interference of the corresponding waves should be fulfilled. 
The minimum interference, oscillation weakening (in anti-
phase), takes place if the difference in wave move (∆) equals 
the odd number of semi-waves (eqn. 26). 

∆= (2𝑛 + 1)
𝜆

2
= 𝜆(𝑛 +

1

2
)   where n = 0, 1, 2, 3 (26) 

The difference in wave move (∆) for Р-parameters can be 
evaluated via their relative value. 

….  𝛾 =
𝑃2

𝑃1
= (𝑛 +

1

2
) =

3

2
,

5

2
    (27) 

Maximum interference, oscillation enhancing (in phase), 
takes place if the difference in wave move equals an even 
number of semi-waves. 

     Δ = 2𝑛
𝛾

2
= 𝛾𝑛  or  Δ = 𝛾(𝑛 + 1)  (28) 

As applicable to P-parameters, the maximum 
enhancement in interaction in the phase corresponds to the 
interactions of similarly charged systems or systems 
homogeneous by their properties and functions (e.g. 
between the fragments or blocks of complex organic 
structures, such as CH2 and NNO2). And then   

   𝛾 =
𝑃2

𝑃1
= (𝑛 + 1)    (29) 

It has been shown15 that the molecular negativity is 
numerically equal to the P-parameter of the first valence 
electron divided by 3.  Hydrogen atom, element No 1 with 
orbital 1S1 defines the main energy criteria of structural 
interactions (their “ancestor”). 

Table 1 shows its three РE-parameters corresponding to 
three different characteristics of the atom.  

R1 = 0.5292 Å, the orbital radius, a quantum-mechanical 
characteristic gives the initial main value of РE-parameter 
equal to 9.0644 eV. R2 = 0.375 Å, a distance equal to the 
half of the bond energy in Н2 molecule. But if hydrogen 
atom is bound with other atoms, its covalent radius is   
0.28 Å. 

In accordance with equation (23) Р2 = Р1(n+1), therefore 
Р1   9.0644 eV, Р2  18.129 eV. These are the values of 
possible energy criteria of stable (stationary) structures. The 
dimensional characteristic 0.375 Å does not satisfy them, 
therefore, there is a transition onto to the covalence radius 
  0.28 Å, which provides the value of P-parameter 
approximately equal to Р2. 

It was shown earlier5 that the condition for the formation 
of stable structures is an approximate equality of the P-
parameter of the subsystems. From a big number of different 
combinations of interactions, we can obtain series with 
approximately equal values of P-parameters of atoms (or 
radicals). Such series, by initial values of hydrogen atom, 
are given in Table 4 (at  < 7.5 %).  
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First series for РE =  9.0644 eV, the initial satge, where Н, 
С, О, N atoms have РE-parameters only of the first electron 
and interactions proceed in the phase.  

Second series for Р'E = 12.792 eV is the non-rational and 
pathological as it more corresponds to the interactions in 
anti-phase by eqn. (27) and Р''E = 13.596 eV. Coefficient α 
between the parameters Р'E and Р''E equals 6.1 %, thus 

defining the possibility of forming “false” biostructures 
containing the molecular hydrogen. Coefficient  between 
series I and II is 34.1 %, thus confirming the irrationality of 
series II.  

Third series for Р'E = 17.132 eV and is stationary as the 
interactions are in the phase. By eqn. (27) Р''E = 18.129 eV 
(= 5.5 %). 

Table 4. Biostructural spatial-energy parameters (eV). 

Series 

No. 

Н С N O CH CO NH C–NH2 C–CH3 <РE>   

I 9.0644 

(1S1) 

8.7582 

(2Р1) 

9.780 

(2Р1) 

9.4166 

(2Р1) 

9.7979 

(2Р1) 

9.1330 

(2S22Р2–

1S1) 

8.4405 

(2Р2–

2Р2) 

8.4687 

(2Р2–1S1) 

9.1281 

(2Р2–1S1) 

8.8844 

2S12Р1
г– 

(2Р3–

1S1) 

9.2479 

2S12Р1
г– 

(2S2 2Р2–

1S1) 

 

9.1018 

 

 

0.34–

7.54 

II 12.792 

(1S1) 

 

13.066 

(2P2) 

11.715 

(1S1) 

11.985 

(2P1) 

11.757 

(2P1) 

11.679 

(2S22Р2–

1S1) 

12.081 

(2S22Р2–

1S1) 

12.315 

(2S22Р2–

2P2) 

12.632 

(2S22Р3–

1S1) 

11.693 

2S22Р2–

(2P3 –

1S1) 

12.181 

2S22Р2–

(2S22P2–

1S1) 

 

12.173 

 

 

0.07–

7.08 

III 17.132 

(1S1) 

16.769 

(2P2) 

17.435 

(2S12Р1) 

16.747 

(2P2) 

17.967 

(2P2) 

С and Н 

blocks 

16.576 

(2S22Р2–

2P4) 

Nand Н 

blocks 

C and 

NН2 

blocks 

C and 

NН2 

blocks 

17.104 0.16–

4.92 

  
Effect of specific local energy (electromagnetic fields, 

radiation, etc.) upon structural conformations can 
increasingly follow the pathological series II. It may be one 
of the reasons of normal functioning failure in biosystems, 
e.g., in oncological diseases. If so, some practical 
recommendations can be done, which come down to the 
necessity of converting the molecular hydrogen into the 
atomic one, e.g., through the interaction with hydroxyl OH 
group.  

From Table 4 it is seen that the majority of atoms and 
radicals, depending on the bond types and bond lengths, 
have РE-parameters of different series. When introducing 
the stem cells, it is important for the molecular hydrogen 
should not be present in their structures. Otherwise atoms 
and radicals can transfer into the series II and disturb the 
vital functions of the main first system.  

Conclusion 

1. It is demonstrated that corpuscular interactions flow 
along the potential gradient (principle of adding reciprocals 
of energies), and wave processes flow against the potential 
gradient (principle of algebraic addition of energies). 

2. Р-parameters of the first valence electron of atoms 
define the energy characteristics of stationary states (in 
normal state) under the condition of the maximum of wave 
processes.    

3. Under the condition of the minimum of such 
interactions, the pathological (but not stationary) 
biostructures containing the molecular hydrogen can be 
formed.   
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EVALUATION OF MULTIPLEX PCR TECHNIQUES FOR 

KLEBSIELLA PRODUCING AMPC- LACTAMASES IN 

CLINICALLY SIGNIFICANT KLEBSILLA ISOLATES 

Iman M. A. El-Kholy[a], M. H. Abul-Aziz[b], Atef M. Diab[b] and Mona A. Rezk[a]* 

Keywords: Multiplex PCR, cefoxitin resistant Klebsiella-AmpC β-lactamase. 

Multiplex PCR for the detection of AmpC genes has proved useful as a rapid screening tool to distinguish cefoxitin resistant non-AmpC 

producers from cefoxitin resistant AmpC producers. In addition to AmpC gene detection, the data generated from the multiplex PCR 

method can distinguish which family of AmpC gene is present in the resistant organism thereby distinguishing possible inducible AmpC 

producers from non-inducible producers of AmpC. The present study was designed to evaluate these issues among cephalosporin-resistant 

isolates of Klebsiella spp. and to assess the performance characteristics of phenotypic tests, using different inhibitors, compared to the PCR, 

for their rapid and accurate detection. Fifty eight out of 100 isolates were AmpC producers by PCR. Fifty six out of 58 isolates that were 

positive by PCR test were resistant to FOX. Thirty out of 58 AmpC producers were ESBL positive by E- test and MDDST in detection of 

ESBL in the presence of AmpC. While 23 /58 were positive by DDST for detection of ESBL in presence of Amp. This study reveals high 

prevalence of pAmpC and ESBL enzymes among bacterial isolates from our hospital. ESBL production may mask the phenotypic detection 

of pAmpC enzymes. Modified 3 dimensional(M3D) is a simple and reliable method for detection of pAmpCs. MDDST serve as reliable 

confirmatory tests for detection of ESBLs in AmpC-positive isolates. 
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Introduction 

Extended-spectrum beta-lactamases (ESBLs) and AmpC 
beta-lactamases (AmpCs) are important mechanisms of 
resistance among Enterobacteriaceae. Infections caused by 
ESBL and /or AmpC- positive bacteria are of particular 
clinical and epidemiological importance and cause higher 
patient morbidity and mortality.1,2  

ESBLs are typically plasmid-mediated, clavulanate 
susceptible enzymes that hydrolyze penicillins, extended-
spectrum cephalosporins and aztreonam. AmpCs are 
cephalosporinases that are poorly inhibited by clavulanic 
acid. They can be differentiated from ESBLs by their ability 
to hydrolyze cephamycins as well as other extended-
spectrum cephalosporins. AmpCs were presumed to be 
chromosomally mediated but since the late 1980s they have 
disseminated on plasmids and now represent a substantial 
clinical threat. The emergence and spread of pAmpCs in 
Enterobacteriaceae has made their detection clinically 
relevant, particularly in bacterial species naturally lacking 
chromosomal cephalosporinase namely in E.coli, Klebsiella 
spp. and Proteus mirabilis. Detection a pAmpC in a strain 
with a coexisting ESBL is even more challenging.3. 
Moreover, AmpCs can interfere with ESBL detection 
particularly when using the current CLSI ESBL 
confirmatory tests. Resulting failures to detect ESBLs can 
endanger patients because false susceptibility to 
cephalosporins may be reported.4 This warrants the need 
foran alternative ESBL confirmatory test of greater accuracy 
for AmpC-producing isolates.5 At present, there are no 

guidelines or standardized phenotypic methods 
recommended for detection of AmpCs, though several 
methods have been described, including disc synergy assays 
using Amp-C inhibitors, a specific E test format for AmpC 
testing and a three-dimensional test. However, these 
methods are expensive, tedious and have not been 
systematically compared.6,7 This prospective study was 
designed and conducted at in the Central Microbiology 
Laboratory of Ain Shams University Hospital in Egypt to (a) 
determine the prevalence of ESBLs and AmpC-producers 
among bacterial isolates with reduced susceptibility to 
extended spectrum cephalosporines and cephamycins of 
Klebsiellae, (b) to evaluate the efficacy of the modified 
double disc synergy test (MDDST) as confirmatory ESBL 
tests in AmpC–positive isolates and (c) to assess the 
performance characteristics of phenotypic tests compared to 
the PCR as a gold standard test for the rapid and accurate 
detection ofAmpCs in ESBL-positive and ESBL-negative 
isolates.  

Experimental 

Bacterial isolates 

This study was done on 100 clinical isolates of Klebsiella 
spp. isolated from different clinical specimens referred to 
Microbiology Central Laboratory of Ain Shams University 
Hospitals Cairo, Egypt, for routine culture and sensitivity, 
from ICU, during a period of 3 months, from September to 
December 2015.  

All Isolates have been subjected to the following tests: To 
screen for ESBLs production by disc diffusion method,8 the 
antibiotic discs of CAZ (30 µg), CTX (30 µg), FEP (30 µg) 
and CPD (10 µg) were allowed to diffuse into the medium 
and interact in a plate freshly seeded with the test organisms 
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creating zones of inhibition that have been measured and 
interpreted according to Ref.8 interpretive criteria for 
screening of ESBL. 

Formation of zone diameters of CPD  17, CAZ ≤ 22 and 
CTX ≤27 mm indicates ESBL production that is positive 
screening for ESBL. However, FEP disc is not included by 
CLSI for ESBL screening and the FEP zone of diameter ≤14 
mm indicates resistance which we consider as presumptive 
ESBL. To perform double disc synergy test using 
amoxicillin/ clavulanate (20/10 µg) and 3rd generation 
cephalosporin that is ceftazidime, cefotaxime, cefopodixime 
and cefepime,9  a disc of AMC (20 μg amoxicillin + 10 μg 
clavulanic acid) and discs of CAZ, CTX, FEP and CPD 
were placed around AMC disc with a distance of 20 mm. 
Clear extension of the edge of the inhibition zone of 
cephalosporin toward the AMC disc shows positive result 
and interpreted as positive for ESBL production (Figure ESI 
1). Negative result showed that no synergy is present 
(Figure ESI 2). To detect production of ESBLs by modified 
double disc synergy using FEP disc and 
piperacillin/tazobactam disc10 a disc of TZP (piperacillin 
/tazobactam) (100/10 µg) was placed from FEP (30 μg) disc 
at a distance of 20 mm from it (centre to centre). Clear 
extension of the edge of the inhibition zone of FEP disc 
toward the TZP disc indicates a positive result and was 
interpreted as positive for ESBL production (Figure ESI3). 
Negative results showed that there is no synergy (Figure 
ESI4).  

CLSI method using ceftazidime/ ceftazidime-clavulanate 
(CAZ-CLA) E-test ESBL strips.8 The E-test ESBL strip is a 
plastic drug-impregnated strip, one end of which generates a 
stable concentration gradient of ceftazidime (MIC test range, 
0.5-32 mg L-1) and the remaining end of which generates a 
gradient of ceftazidime (MIC test range, 0.064-4 mg L-1) 
plus 4 mg L-1 clavulanic acid. The MIC value was read from 
the scale in terms of g mL-1 where the ellipse edge 
intersects the strip. ESBL production is inferred if the MIC 
ratio for cephalosporin alone/cephalosporin plus clavulanate 
MIC is ≥ 8 (Figure ESI5). ESBL production was also 
identified by the presence of a phantom zone or a 
deformation of the CAZ inhibition zone independent of the 
MIC ratios (Figure 1.) A MIC ratio of <8 is indicative of 
non ESBL production (Figure 2). 

 

 

 

 

 

 

 

 

 

Figure 61. TZ = 32, TZL = 0.25 so TZ/TZL = 128, the ratio≥ 8 
indicates a clear cut ESBL positive. 

 

 

 

 

 

 

 

 

 

Figure 2. TZ = 0.5, TZL = 0.125 so TZ/TZL = 4, the ratio< 8 
indicates aclear cut ESBL negative. 

When MIC values were above the test device range, 
interpretation was ‘non-determinable’.Screening for AmpC 
production by resistance to cefoxitin disc (30 µg).9  

The antibiotic disc used FOX (30 µg) was allowed to 
diffuse into the medium and interact in a plate freshly 
seeded with the test organisms making zones of inhibition 
that have been measured and interpreted according to CLSI8 
interpretive criteria for screening of AmpC. Isolates 
showing diameter zone of inhibition ≤ 14mm were 
considered resistant (Figure ESI6.11 Isolates showing 
diameter zone of inhibition > 14mm were considered 
sensitive (Figure ESI7). 

Confirmation of production of AmpC was done by 
modified three-dimensional test.12 This test detects the tested 
isolate which produce AmpC -lactamase enzyme that 
isresistant to cefoxitin resulting in distortion of zone of 
inhibition of cefoxitin which is formed by E. coli ATCC 
25922. Enhanced growth of the surface of the organism at 
the point where the slit intersected the zone of inhibition 
means a a positive result and is interpreted as evidence for 
the presence of AmpC β-lactamase (Figure ESI8. Isolates 
with no distortion are viewed as negative result and are 
recorded as non-AmpC producers (Figure ESI9). 

Real-time PCR 

DNA extraction 

Cells were harvested in a microcentrifuge tube by 
centrifuging for 10 min at 5000 x g (7500 rpm). The 
supernatant liquid was discarded. Washing was done twice 
with Tris-EDTA buffer by centrifugation at 8000 rpm for 10 
min. 20 µL proteinase K and 200 µL Buffer AL were added. 
Mixing was done thoroughly by vortexing and incubation 
was done at 56 C for 20 min. 200 µL ethanol (96-100%) 
was added. Mixing was done thoroughly by vortexing. The 
mixture (including any precipitate) was pipetted into the 
DNA Mini spin column placed in a 2 mL collection tube. 
Centrifugation was done at ≥ 6000 x g (8000 rpm) for 1 min. 
Flow-through and collection tube were discarded. The DNA 
Mini spin column was placed in a new 2 mL collection tube. 
500 µL Buffer AW1 was added and centrifugation was done 
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for 1 min at ≥ 6000 x g (8000 rpm). Flow-through and 
collection tube were discarded.  The DNA Mini spin column 
was placed in a new 2 mL collection tube. 500 µL Buffer 
AW2 was added followed by centrifugation for 3 min at 
20,000xg (14,000 rpm) to dry the DNA membrane. Flow-
through and collection tube were discarded. The DNA Mini 
spin column was placed in a clean 1.5 or 2 mL micro 
centrifuge tube, and 100 µL Buffer AE was pipetted directly 
onto the DNA membrane. Incubation was done at room 
temperature for 1 min, and then centrifugation for 1min at ≥ 
6000 x g (8000 rpm) to elute. 

DNA amplification and detection 

Reaction set-up 

All solutions after thawing were gently vortexed and 
briefly centrifuged. A reaction master mix was prepared by 
adding the following components for each 25 μL reaction to 
a tube at room temperature (Table 1).  

Table 1. Components of reaction master mix for each 25 uL 
reaction. 

Reaction component Volume μL Concentration 

Maxima® SYBR Green 

qPCR Master Mix (2X), 

no ROX 

12.5  - 

Forward Primer 0.75 (1:10) 0.3 μM 

Reverse Primer 0.75 (1:10) 0.3 μM 

Template DNA 5 (1:10) - 

Water, nuclease-free 6  - 

Total reaction volume  - 

The primers used were: 

FOXMF: 5´AAC ATG GGG TAT CAG GGA GAT G 3´. 

FOXMR: 5´CAA AGC GCG TAA CCG GAT TGG 3´.13  

The master mix was mixed thoroughly and the appropriate 
volumes were dispensed into PCR tubes. The template DNA 
(≤ 500 ng/reaction) was added to the individual PCR tubes 
containing the master mix. Then the reaction mixture was 
mixed gently without creating bubbles (not to be vortexed) 
then centrifuged briefly (bubbles will interfere with 
fluorescence detection). 

Table 2, Three-step cycling protocol 

Step Temperature, °C Time No. of cycles 

Initial 

denaturation 

95 10 

min 

1 

Denaturation 95 15 s 40 

Annealing 60 30 s 40 

Extension 72 30 s 40 

The thermal cycler was programmed according to the 
recommendations below, then the samples were placed in 
the cycler and we started the program. Data was taken 
during the extension step. Thermal cycling conditions are 
given Table 2.14 The amplification program was followed 
immediately by a melt program consisting of 1 min at 95 °C, 
30 sec at 55 °C then again to 95 °C for 30 s. 

The greenish horizontal line in the graph (Figure 3) is the 
threshold line at which the fluorescence begins to be 
detected (The point at which the amplification plot crosses 
the threshold is the cycle threshold = Ct).15 The Tm of 
samples which were identical or close to that of positive 
control were considered the gene of target as shown in 
Figure 4.  

 

 

 

 

 

 

 

 

 

Figure 3. Results of Syber Green real-time PCR in amplification 
plot with cycles number on x axis and fluorescence on y axis. 

 

 

 

 

 

 

 

 

Figure 4. Results of melting curve, average Tm = 77.13 °C -
77.72 °C. 

Results 

Fifty eight out of 100 isolates were AmpC producers by 
PCR (golden standard test). Fifty six out of 58 isolates that 
were positive by PCR test were resistant to FOX with a 
sensitivity of 96.6 % and specificity of 52.4 % for detection 
of AmpC production with positive predictive value and 
negative predictive value of (73.7 % and 91.7 %) 
respectively. There was moderate agreement between the 
results of both tests (Table 3). 



Evaluation of multiplex PCR for Klebsiella  producing AMPC--lactamases     Section C-Research paper 

Eur. Chem. Bull. 2018, 7(9), 254-259   DOI: 10.17628/ecb.2018.7. 254-259 257 

Table 3. Comparison between Cefoxitin screening test and PCR 
test for AmpC detection. 

 
Fox screening test 

R S Total 

PCR 
Positive 56 (96. 6%) 2 (3.4 %) 58 

Negative 20 (47.6 %) 22 (52.4 %) 42 

Total 76 24 100 

 

Thirty out of 58 AmpC producers were ESBL positive by 
E-test and MDDST with a sensitivity and specificity of 
100 % in detection of ESBL in the presence of AmpC 
(Table 4). While 23/58 were positive by DDST showing 
76.7 % sensitivity and 100 % specificity for detection of 
ESBL in presence of AmpC with positive predictive value 
and negative predictive value of (100 % and 80 %) 
respectively (Table 5). There was substantial agreement 
between results of both the tests. 

 

Table 4. Comparison between MDDST and E-test when PCR test 
is positive. 

PCR positive MDDST 

Positive Negative Total 

E-test 
Positive 30 (100%) 0 (0%) 30 

Negative 0 (0%) 28 (100%) 28 

Total 30 28 58 

 

Table 5. Comparison between DDST and E-test or MDDST when 
PCR test is positive. 

PCR Positive DDST 

Positive Negative Total 

E-test or 

MDDST 

Positive 23  

(76.7 %) 

7  

(23.3 %) 

30 

Negative 0  

(0%) 

28 

(100 %) 

28 

Total 23 35 58 

Forty-two out of 100 isolates were negative Ampc by PCR 
test. Thirty two out of 42 clinical isolates were positive 
ESBL by both E-test and MDDST showing (100 %) 
sensitivity and specificity in detection of ESBL in absence 
of AmpC (Table 6). While, 29/42 (69.05 %) were positive 
by DDST showing 90.6 % sensitivity and 100% specificity 
of detection of ESBL in absence of AmpC. The positive 
predictive value and negative predictive value was (100 % 
and 76.9 %) respectively (Table 7). There is a substantial 
agreement between results of both the tests. 

Table 6. Comparison between MDDST and E-test when PCR test 
is negative. 

PCR Negative MDDST 

Positive Negative Total 

E-test Positive 32 (100 %) 0 (0 %) 32 

Negative 0 (0 %) 10 (100 %) 10 

Total 32 10 42 

Discussion 

The importance of detecting AmpC-producing isolates is 
highlighted by data showing high clinical failure rates when 
AmpC-producing strains of K. pneumoniae are treated with 
cephalosporin agents or the subsequent development of 
antibiotic resistance in such strains.16 By antibiotic 
susceptibility testing it might be difficult to distinguish 
ESBL-producing organisms from plasmid AmpC-producing 
organisms because of their similar resistance. Distinguishing 
between AmpC- and ESBLproducing organisms has 
epidemiological significance and has therapeutic importance 
as well.17  

 

Table 7. Comparison between DDST and E-test or MDDST when 
PCR test is negative. 

PCR Negative DDST 

Positive Negative Total 

E-test or 

MDDST 

Positive 29 (90.6 %) 3 (9.4 %) 32 

Negative 0 (0 %) 10 (100 %) 10 

Total 29 13 42 

In Egypt, one study assessed AmpC production among 
Enterobacteriaceae,18 however, molecular techniques were 
not attempted. So, little is known about the genetic 
background of AmpC-producing isolates in Egypt. 

Results of the present study showed that the prevalence of 
ampC genes in 58/100 isolates of the selected species was 
30/58(51.7%) whereas ESBL-producers were detected. 
AmpC prevalence was lower than that reported by El-
Hefnawy18 from Egypt (34 % in 50 K. pneumoniae and E. 
coli isolates), but it was equivocal with another study from 
Singapore (26 % in 255 clinical isolates of E. coli, 
Klebsiella spp. and P. mirabilis). In the first study, 
molecular techniques were not attempted and they used one 
phenotypic test, the three dimensional test (TDT), while in 
the second study both TDT and the multiplex PCR were 
used.19 These results were much higher than those reported 
in other parts of the world; in Spain (0.43%),20 in China 
(2.79 %)21 and in USA (3.3 %).22 This may be due to the 
differences in the study population and the epidemiological 
differences in various geographic regions. 

The high prevalence of AmpC producers in our study 
could be explained by 2 points: First, the prevalence of 
ESBL-production was high (62 %) and many of our ampC-
positive isolates were also ESBLproducers30/58 (51.7 %). 
Previous Egyptian studies have also reported the high 
prevalence of ESBLs in Egypt;38 %,23 61 %24 and 65.8 %.25 
It has been recently found that infection with 
pAmpCproduceris frequently associated with a high 
copresencerate of ESBLs.17 Second, our specimens were 
collected from patients admitted to ICU, it could be 
expected that they have been exposed to previous 
cephalosporin therapy whether empirically or according to 
the hospital antibiotic policy or due to unjustified courses as 
reported in a previous Egyptian study by El-Kholy.23 
Knowing that selective-pressure produced by the extensive 
use of oxyimino-cephalosporins are among the driving 
forces of increasing the prevalence of AmpC- production,17 
the high rate of AmpC production could be anticipated. 
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In our study 30/58 (51.7%) of the isolates were both 
AmpC and ESBL-positive by molecular detection methods. 
This rate was higher than that reported from western parts of 
the world: 7/117 (6%) in Spain,20 4/81 (4.9 %) in Minnesota 
in USA.26 Interestingly, 58/62 (93.5 %) of our ESBL-
positive Klebsiella spp. was AmpC-positive. This rate is 
comparable with that reported in India as Vandana and 
Honnavar27 detected AmpC in 39/52 (75 %) of ESBL-
producing isolates of K.pneumoniae. As both ESBL and 
AmpC β-lactamases may coexist, therefore their detection is 
difficult because they mask each other. In the present study, 
all 30 ESBLproducers in AmpC-positive isolates were 
successfully identified by using the MDDST, in which FEP 
and TZP were utilized in approximation, implying that the 
use of this phenotypic method could overcome the masking 
effect of AmpC on phenotypicdetection of ESBLs. Similar 
observation has been reported by Khan9 and Fam and El-
Damarawy.25 

Use of a cefoxitin disk is useful in screening for AmpC 
but it is non-specific. In our study only 58/64 of cefoxitin-
resistant isolates had ampC genes. Several factors may 
explain resistance to cefoxitin in the AmpC-negative 
isolates: First, it may arise due to porin channel alterations 
and mutations as previously reported in Klebsiella spp. 
isolates.3,16 Second, cefoxitin-resistance phenotype in 
Klebsiella spp. can result from over expression of the 
chromosomal ampC gene due to mutations in the promoter 
or/and attenuator regions resulting in alterations in the 
permeability of the cell to cefoxitin or a combination of all 
thesefactors.26  Third, cefoxitin has been demostrated as a 
substrate to active efflux pump in clinical isolates.27  

In conclusion, this study has revealed the occurrence of 
plasmid mediated AmpC beta-lactamase producing strains 
in clinically important bacterial isolates for the first time in 
our region. ESBL production may mask the phenotypic 
detection of pAmpC enzymes. MDDST is a simple and 
reliable method serve as reliable confirmatory tests for 
detection of ESBLs in AmpC positive isolates. Occurrence 
of a large percentage of multidrug resistant strains has been 
observed. As AmpC beta-lactamase production is frequently 
accompanied by multidrug resistance, so conjugative 
dissemination of this AmpC beta -lactamase encoding 
plasmids may facilitate the spread of resistance against a 
wide range of antibiotics among different members of 
Enterobacteriaceae. Imipenem is superior to other 
antibiotics for the treatment of serious infections due to 
AmpC beta-lactamase-producing enterobacteria. 
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SUCCESSFUL LANDFILL LEACHATE WASTEWATER 

TREATMENT USING THE SEQUENCE OF OZONATION, 

ADSORPTION ON CHARCOAL AND PHOTO-OZONOLYSIS 

Franco Cataldo[a]* 

Keywords: landfill leachate; ozone; adsorption; activated carbon; photo-ozonolysis; pilot plant 

Landfill leachate derived from the landfilling practice of the municipal wastes is a problem affecting all countries and continents. Even after 

the shutdown of a landfill site, the leachate production continues for decades. In this work a solution for the landfill leachate treatment has 

been proposed based on three fundamental steps: the pre-ozonolysis of the leachate, the passage of the ozonized leachate through a fixed 

bed of activated carbon and the final step consisting in a photo-ozonolysis stage involving the simultaneous action of ozone and UV light. 

A distinction between the chemical structure and chemical behaviour of young and mature leachate was evidenced by thermal analysis of 

the soluble organic matter (SOM) obtained from these substrates. Furthermore, a distinction between young and mature leachate was also 

evidenced in terms of their different reactivity toward ozone as illustrated by the COD abatement and by FTIR spectroscopy on pristine and 

ozonized SOM. A modular pilot plant for the treatment of different landfill leachates was presented and proposed. 
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Introduction 

Landfilling of municipal wastes is a usual disposal practice 

common throughout the entire world1-5 One of the main 

problems linked to the municipal waste landfilling is the 

production of landfill leachate, a problem which persists for 

several years even after the landfill site is shut down.1-5 The 

landfill leachate derives from the fermentation of the 

organic matter present in the municipal wastes which lead to 

decomposition products which are washed out and diluted 

by the meteoric precipitations. The landfill leachate does not 

have a stable chemical composition but undergoes a gradual 

composition evolution also affected by the local 

environmental and weather circumstances.1-5 The young 

leachate is characterized by a mixture of organic matter with 

low molecular weight, it is in large part biodegradable and it 

is the result of the initial rapid aerobic fermentation with the 

liberation of CO2, H2 and the production of free carboxylic 

acids so that all locally available oxygen is consumed.1-5 The 

end of the aerobic fermentation can be evidenced by a peak 

in COD and BOD level and the accumulation of 

ammonia/ammonium ion and chlorides. Then the anaerobic 

fermentation prevails, a stage which is also called 

methanogenesis due to the production and release of 

methane accompanied by CO2 .1-5 A slow gradual decline in 

COD and BOD level can be observed toward limiting values. 

Aged leachate is characterized by stabilized values of COD 

and by alkalinity in contrast with the acidic properties of the 

young leachate. The most interesting feature of aged or 

mature leachate is the fact that its soluble organic matter is 

recalcitrant any to biological-based oxidation process and it 

is necessary to proceed with strong oxidation processes to 

get rid of it. On the other hand the young landfill leachate 

presents the advantage of being more easily degradable 

either by biological oxidation-based processes as well as by 

chemical processes.1-5 The toxicity of landfill leachate is 

certainly due to the high ammonia level and chlorides but 

moreover by the richness of the dissolved transition metals 

whose origins derive from the corrosive nature of landfill 

leachate which slowly dissolves metals from the soil mixed 

with the wastes and from any metallic debris present in the 

landfilled wastes.6  Additional undesired components found 

in landfill leachate are the so-called xenobiotics, i.e. 

substances originating from household or industrial 

chemicals and present in relatively low concentrations. 

Despite the transition metals ions and the xenobiotics, the 

leachate is anyway toxic because it is a broth of bacteria and 

nutrients and of course any adventitious pathogen can 

survive and reproduce in such a medium.6 Thus, the basic 

idea of the pre-ozonation treatment presents many benefits.  

Among the solutions for the treatment of landfill leachate, 

the ozone treatment was proposed by numerous authors.7-18 

Initially it was mainly proposed as the stabilizer of the 

leachate properties,13 but later it was recognized the benefits 

of ozonation (or other oxidation processes) to facilitate the 

biological treatment.8  The fact that landfill leachate is 

composed by refractory organic matter led the researchers to 

apply a series of advanced oxidation processes in its 

treatment.9 However the benefits of the ozone pre-treatment 

of the landfill leachate became evident already several years 

ago and in more recent years the efficiency of such pre-

treatment process was brought to the highest level so that 

about 3 mg O3 per mg of COD were necessary to reduce by 

50% to starting COD level of a landfill leachate.9-12 

Concrete benefits were also obtained by landfill leachate 

pre-ozonation with a drastic cut of the COD, followed by 
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activated carbon adsorption.13 With this approach the 

adsorption efficiency of the activated carbon is considerably 

enhanced thanks to the pre-ozonation of the leachate.14 

Furthermore, the leachate biodegradability is enhanced by 

the pre-ozonation and the perozonation14  but also the 

reverse approach was studied with the biological digestion 

of the leachate, followed by ozonation.16 The latest trends 

involve the use of catalytic ozonation of the leachate in the 

presence of suitable oxides.16,17,18 In this paper, after a brief 

review of the organic matter present in the landfill leachate 

with a clear distinction between young and old landfill 

leachate, and an analysis of certain properties, we will focus 

on the results regarding the landfill leachate treatment with 

ozone followed by activated carbon and completed by a 

photo-ozonolysis.19,20,21  

Experimental 

Materials 

Young and old landfill leachate were collected with the aid 

of the plant manager of the municipal landfill site located at 

about 70 km south of Rome. The young and old landfill 

leachate samples were analyzed immediately after 

transportation to the Actinium laboratory. Table 1 shows the 

analytical results.  

Table 1. Analytical results on pristine samples of young and old 
landfill leachate samples. 

 Young 

leachate 

Old 

leachate 1 

Old 

leachate 2 

COD mg L-1 9200 1850 3135 

Fe2+, mg L-1 11.7 13.3 9.79 

NH4
+, mg L-1 132 214 171 

Cl-, mg L-1 2140 2530 2400 

pH 6.2 9.0 8.8 

Methods 

Isolation of the soluble organic matter (SOM) from young 

leachate and its TGA and FT-IR 

Young leachate (500 ml) was distilled in a spherical flask 

under reduced pressure in a water bath kept at 95°C. The 

distillation residue is bituminous, sticky and viscous solid 

which stinks terribly. The distillation residue was sampled 

and submitted to a thermogravimetric analysis with 

simultaneous differential thermal analysis at a heating rate 

of 10°C/min under air flow in a Linseis apparatus model 

L81.  

Another sample was analyzed at the FT-IR spectrometer 

Nicolet 6700 from Thermo-Fischer. The spectra were 

collected in reflectance mode on ZnSe plate and transformed 

in normal absorbance spectra through the spectrometer’s 

Omnic software. 

Isolation of the soluble organic matter (SOM) from young 

leachate and its TGA and FT-IR 

The same procedures described in the above paragraph for 

the young leachate were also performed on old leachate 1 

sample. 

Ozonation of the young leachate 

A series of experiments were performed by treating the 

young leachate batch-wise in a 2 L round-bottomed flask 

which was filled with 500 ml of the leachate, evacuated and 

filled with O3/O2 mixture to reach a ratio mg O3/mg COD = 

0.22. After shaking and suitable contact time the COD 

dropped from the initial value of 9200 mg L-1 to 7830 mg L-

1. After the ozone treatment, all the water of the ozonized 

leachate was distilled off under reduced pressure in a water 

bath at 95°C leaving a dry residue which was collected for 

the FTIR analysis. In another experiment performed in 

conditions similar to those just described a mg O3/mg COD 

= 0.35 ratio was reached after a suitable contact time and the 

COD dropped from the initial value of 9200 mg L-1 to 4205 

mg L-1. 

In another experiment, a tubular reactor with a fritted glass 

porous septum was loaded with 300 ml of young leachate 

acidified to pH = 5. Ozone produced at a rate of 5g/h was 

bubbled through the liquid at a flow rate of 4.5 L min-1 for 

19 min. This condition corresponds to mg O3/mg COD = 

0.58 and after this treatment the COD dropped to 1360 mg 

L-1.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1. Pre-ozonization of young landfill leachate. The residual  
COD is a function of the ozone dose expressed as (Leachate COD) 
= -13247 (mg O3/mg COD)+9200 

The data in Fig. 1 are a summary of these results. From the 

graph of Fig. 1, it is possible to extrapolate that with mg 

O3/mg COD ≥ 0.70  ratio one could get rid of the SOM in 

the young leachate. 

Ozonation of the old leachate 

Also for the old leachate, a series of experiments of pre-

ozonation were performed either batchwise or through the 

tubular reactor in a continuous ozone flow, as described in 
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the above section for the young leachate. The ozone dose is 

expressed as in the previous section as mgO3/mgCOD. The 

mg COD refers to the starting COD level. The refractory 

nature of the old leachate is immediately evident in Fig. 2: 

even with mg O3/mg COD > 1 the COD abatement is 

unsatisfactory. It is also worth a comparison between the 

slope of Fig.1 with that of Fig. 2. The slope of the former is 

more than 12 times more steeply than that of the latter. Fig. 

2 also shows the results of the old leachate ozonation in the 

presence of 10% by weight of neutral activated alumina, 

type 507C Brockmann-I having a particle size below 150 

mesh and pore diameter of 5.8 nm. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Pre-ozonization of old landfill leachate. The residual 
COD is a function of the ozone dose expressed as (leachate COD) 
= -1064 (mg O3/mg COD)+3135 (blue diamonds); The leachate 
ozonation in the presence of activated Al2O3 gives a threefold 
acceleration in the COD abatement (red squares).  

The results are quite interesting, although it should be noted 

that even without ozonation alumina is able to reduce the 

COD of the old leachate from the initial 3135 mg L-1 to 

2100 mg L-1 by simple adsorption process. Fig. 2 shows that 

10% alumina with an ozone dose of 0.6 mg O3/mg of COD 

gives a decisive advantage. As shown in Fig. 2, the 

extrapolation of these data suggests that at mg O3/mg of 

COD ≥ 1.0 the total initial COD of the old leachate could be 

removed, although further work is needed to verify this 

extrapolation. 

Adsorption through an activated carbon bed 

Once pre-ozonized, especially the old leachate needs further 

treatments which cannot be limited only to the ozonization. 

As detailed in the patents,19,20,21 the pre-ozonized old 

leachate is passed through a fixed bed of granular activated 

carbon to reduce further the COD and make the leachate 

transparent to UV light and hence suitable for the photo-

ozonolysis step of the final process.   

Photo-ozonolysis 

The photo-ozonolysis step is the final step process in the 

leachate treatment, when it is completely transparent to UV 

light. In this process complete sterilization is also achieved. 

Furthermore, the COD is further reduced within the desired 

law limits for the discharge in the sewage or ponds or the 

surface waters. The detail of the process can be found in 

ref.19,20,21  

Results and Discussion 

The key problem of the landfill leachate treatment is 
represented by the soluble organic matter which has been 
fractionated into three main components, i.e. humic and 
fulvic acids as well as the hydrophilic fraction.1 The 
chemical structure of humic and fulvic acids from landfill 
leachate is rather complex and not univocal.22,23,24 It must be 
described by model structures because its complexity, 
exactly in the same way as for the humic and fulvic acids 
extracted from soils and lake sediments.25,26 In other words, 
it is completely reasonable to assume for the humic and 
fulvic matter from landfill leachate a structural analogy with 
that extracted from soil and other fluvial or lake sediments. 
This assumption is anyway substantiated by a series of 
experimental data.1-5,22-24,25,26 

In this context, it is particularly interesting a comparison 
of the soluble organic matter (SOM) derived from young 
landfill leachate against aged or mature leachate. Many 
authors have insisted on this specific point regarding the 
biodegradability of the former and the refractoriness toward 
oxidation of the latter as well as the H/C, O/C and N/C 
ratios and the BOD/COD ratios, showing that by passing 
from young to mature leachate it is increased the aromatic 
content, the molecular weight, the carbon content and 
BOD/COD → 0. Indeed, the refractoriness toward oxidation 
of mature leachate is underlined by our studies on the 
radiolysis of the landfill leachate, which were surprisingly 
unsuccessful in terms of COD abatement.27,28 

We have had the opportunity to isolate the SOM of a 
young and old leachate samples in a landfill located at about 
70 km south of Rome. Fig. 3 shows the thermogravimetric 
analysis (TGA) of these two SOM performed in air flow. 
The SOM from young landfill leachate when heated in air 
shows a linear weight loss up to 328°C (-10% by weight). 
Above that temperature the differential thermal analysis 
(DTA) performed simultaneously to the TGA shows a 
strong exothermal peak due to partial combustion of the 
SOM (compare Fig.3 with Fig.4). The DTA peak in Fig. 4, 
occurs at 416°C accompanied by a secondary feature at 
428°C. At the end of the combustion process, i.e. above 
600°C the total weight loss undergone by the SOM of the 
young leachate is -37.8% measured at 600°C. At 580°C the 
DTA registers an endothermal transition due to the melting 
or thermal decomposition of a mineral component.  

As shown in Fig. 3 and 4, the thermal behavior of a SOM 
from mature, old leachate heated in the air is completely 
different than that of young leachate without any abrupt 
weight loss. In fact, the SOM from old leachate shows a 
general and gradual trend to weight loss with a total weight 
loss of -28.5% at 750°C. However, the corresponding DTA 
reported in Fig. 4 is richer in transitions than those observed 
in the case of the young leachate. In fact, the SOM from old 
leachate shows two endotherms already at 86°C and at 
154°C partially associated with trapped water evaporation. 
Then two main exothermal peaks are observed at 253°C and 
at 524°C and two much smaller exothermal transitions are 
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detected at 280°C and at 334°C. However, these DTA 
exothermal transitions have a limited impact on the TGA 
curve. For example, to the exothermal peak at 253°C 
corresponds a weight loss on only 4.4% and to the other 
exothermal peak at 524°C, it corresponds a local weight loss 
of 3.2%. Thus, at these temperatures are volatilized or 
burned really small amounts of the SOM fractions from old 
leachate.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. TGA in the airflow of the organic matter from young 
leachate (dark blue line) and from old leachate (light blue line). 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 
Figure 4. DTA in the airflow of the organic matter from young 
leachate (green line) and from old leachate (black line).  

In summary, in Fig. 3 is shown very clearly the 
differences between the SOM from a young and old leachate. 
The former indicates an abrupt weight loss above 327 °C 
and the total weight loss at 750 °C is -42.5 % against -
28.5 % at the same temperature of the SOM from old 
leachate. From these results a clear difference in the thermal 
behaviour and oxidation, also emerges the radical chemical 
difference between SOM from young and old leachate, with 
the latter being much less volatile due to the higher 
molecular weight and much less oxidizable than the former.  

It is also interesting to discuss shortly the changes in the 
FT-IR spectra observed in the SOM from a young and old 
leachate. The young leachate is much reactive with ozone 
than the old leachate. Fig. 5 shows that the ozonation 
removes almost completely the infrared band at 1563 cm-1 
which is one of the most intense bands in the pristine 
spectrum of young leachate. In fact, after ozonation the 
original band at 1563 cm-1 is reduced to a small shoulder at 
1550 cm-1. The infrared absorption band at 1563 cm-1 could 
be due to aromatic rings, to carboxylic acid salts or to 
unsaturated diketones and similar structures which give rise 
to the keto-enol tautomerism, i.e. the –CO-CH2-CO- type of 
structures.29 

Because of the fast and effective reaction with ozone, in 
the young leachate the band at 1563 cm-1 can almost 
certainly assign to highly substituted aromatic rings and/or 
to unsaturated diketones, since neither ketones and 
aldehydes, nor the carboxylic acid salts show a so special 
reactivity toward ozone.   

On the other hand, Fig. 6 shows the FTIR spectrum of 
SOM from old landfill leachate. The spectral difference with 
the young leachate, at least limited to the samples we have 
studied, are relatively small. However, the SOM from old 
leachate shows a prominent infrared band at 1570 cm-1 with 
two shoulders at 1589 and 1668 cm-1. In the case of mature 
leachate the ozone treatment does not affect significantly the 
band at 1570 cm-1. Consequently, in a mature leachate this 
infrared band belongs mainly to non-oxidizable aromatic 
rings. This time the results of ozonation is the growth of the 
bands at 1665 and 1715 cm-1, a clear sign of the slow 
oxidation which leads to ketone and carboxylic groups. 
Furthermore, the band originally at 1570 cm-1 and relatively 
sharp, broadens and is shifted at 1583 cm-1. 

The results of the infrared study matches perfectly with 
the COD abatement by leachate pre-ozonation. More in 
detail, the young leachate responds very well to the pre-
ozonolysis as shown in Fig. 1, even with a relatively small 
ozone dose it is possible to reduce drastically the COD 
content of a young leachate. Fig. 1 suggests also that an 
opportunely calibrated ozonation could remove completely 
the COD of a young leachate. It is only a matter of costs and 
practical convenience to decide to which level the pre-
ozonation of a young leachate should be pushed and then 
followed eventually by activated carbon adsorption and 
finished by a short photo-ozonolysis step to reach the 
limiting COD level required by law to discharge the treated 
water. 

The infrared study has shown that the old leachate is 
oxidized but not mineralized by the ozonation as it happens 
for a young leachate. Indeed, Fig. 2 shows that the pre-
ozonolysis of the old leachate is at least more than 12 times 
less effective in COD abatement than the case of a young 
leachate. This is indeed due to the presence of refractory 
SOM in the old leachate. Some evident benefit is offered by 
the pre-ozonation of the old leachate in presence of activated 
alumina. Alumina is able to adsorb the SOM of old leachate, 
but the combined alumina and ozone action on old leachate 
presents clear merits as shown in Fig. 2 and deserves further 
investigations. Probably, ozone oxidizes the SOM adsorbed 
on the alumina surface with higher efficiency than the direct 
ozone treatment of the old leachate without alumina catalyst. 
It is plausible to think that on alumina surface in presence of 
water, ozone decomposes into OH free radicals and this may 
justify the observed higher efficiency of ozone in the 
degradation of the SOM from old leachate. Even in the 
hypothesis that the surface of alumina will be saturated at a 
certain stage by the SOM of the old leachate, the alumina 
regeneration could be achieved by heating the spent alumina 
in air at a suitably high temperature to burn the adsorbed 
deposit an re-utilize it without any special precaution. 
Precautions are instead needed by the regeneration of the 
spent activated carbon, to avoid an excessive consumption 
of it at each regeneration stage. 

Especially for the old leachate, the pre-ozonation is 
desirable to reduce the COD level and to prolong the life of 
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the activated carbon. In other words, the direct passage of 
the raw old leachate through an activated carbon bed will 
accelerate it saturation much more the case of a pre-
ozonized leachate, which has already undergone a COD 
reduction by the ozone treatment. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 5. FTIR of pristine SOM from a young leachate (upper 
trace in red) and after ozonization of the same SOM (lower trace in 
dark blue). 
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Figure 6. FTIR of pristine SOM from a old leachate (upper trace in 

red) and after ozonization of the same SOM (lower trace in blue). 

Furthermore, the pre-ozonization of the old leachate leads 
to SOM oxidation as shown by FTIR spectroscopy (Fig.6) 
and this will be a further aid for the adsorption of the 
oxidized SOM on the surface oxygen-bearing functional 
groups present in the activated carbon. Indeed, the patented 
process19-21 proposes the passage of the pre-ozonized 
leachate through a granular activated carbon bed. Norit type 
activated charcoal was found as one of the activated carbons 
more effective in the absorption of the pre-ozonized leachate. 
It is thought that the simultaneous action of ozone and 
activated carbon on old leachate could further reduce the 
COD because the free radical mechanism is also activated 
by the carbon surface.  

When a mature leachate having COD = 3135 mg L-1 is 
passed through a column of activated charcoal, the COD 
drops to 650 mg L-1 but the bacterial load remains very high. 
Furthermore, with such treatment the activated carbon 
saturates very quickly (see Fig.7). The proposed and 
patented process19-21 instead is based on a pre-ozonolysis 

step which clarifies the leachate and reduces the COD to 
2253 mg L-1. The resulting oxidized leachate is easily 
adsorbed on activated carbon so that the COD drops to 270 
mg L-1. As final step, the removal of the residual refractory 
soluble organic matter and  the water sterilization is 
achieved with a photo-ozonolysis treatment reaching a 
residual COD of 62 mg L-1, a value well inside the Italian 
law limits for the discharge in surface waters, in the ground 
or in the sewage (see Fig. 7). 

It is worth reminding here that until the leachate is dark in 
color the photo-ozonolysis is impossible since the UV light 
is adsorbed and scattered. It is absolutely necessary, before 
proceeding with the photo-ozonolysis to clarify the leachate. 
This task is accomplished by the pre-ozonolysis followed by 
the passage through an activated carbon bed. The residual 
COD is finally removed by the combined action of ozone 
and UV light (photo-ozonolysis). The final photo-ozonolysis 
stage is also a grant for the sterilization of the treated water. 

There are other two main critical points in a landfill 
leachate: the need to remove the free ammonia content and 
the necessity to remove the transition metals. As already 
reported in literature,1-5 large part of the ammonia can be 
removed by air bubbling through the leachate. This can be 
accomplished just before the pre-ozonolysis stage. The pH 
adjustment of a leachate, especially an old leachate is often 
necessary in order achieve better results in the pre-
ozonolysis stage. In our experience it is better to bring the 
old leachate pH below 7 and preferably between 5 and 6.  

Regarding the transition metals present in the leachate, a 
complete analysis can be found elsewhere.6 In our studies on 
the transition metals removal from the leachate we have 
monitored essentially the iron and manganese content. Our 
studies have evidenced that the passage through the 
activated carbon bed is a very effective tool in the removal 
of the transition metals bringing their level within the law 
limits.19-21 Consequently, the leachate passage through an 
activated carbon bed after the pre-ozonolysis is a crucial 
step in this context. 

 

 

Figure 7. COD changes after the treatment of a mature (old) 
leachate with  the treatment pre-ozonolysis adsorption on activated 
charcoal and photo-ozonolysis (blue traces). The red bullet shows 
the COD reduction produced by a straight absorption of the 
leachate on activated charcoal which however is swiftly saturated 
in contrast with the pre-ozonolysis leachate treatment which 
prolonges the life of the activated charcoal. 
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It is also worth reminding here that ozone is able to 
oxidize the transition metals to their highest oxidation stage. 
In general the transition metals at the highest oxidation stage 
present a much lower solubility in water with respect to their 
solubility at the lower oxidation stage. Thus, the pre-
ozonolysis stage could be considered of key aid in the 
reduction of the transition metals content in the leachate. 

Fig. 1 has shown that a young leachate could be treated 
with ozone only for the COD removal. However, in Fig. 8 
are reported the typical results derived from the train pre-
ozonation, passage through a fixed bed of activated carbon 
and photo-ozonolysis. The results in Fig. 8 are really 
impressive in the treatment of a young landfill leachate with 
a starting value of 9200 mg L-1. The direct adsorption of raw 
young leachate on activated charcoal causes a COD 
reduction down to 5520 mg L-1 and a saturation of the 
activated charcoal. Instead, the pre-ozonolysis is particularly 
effective on the young landfill leachate reducing the COD in 
a single step from 9100 to 1360 mg L-1. The oxidized 
leachate is then passed through activated charcoal so that the 
COD is further brought down to 328 mg L-1. The final COD 
abatement and sterilization is achieved by the photo-
ozonolysis step reaching a COD of 107 mg L-1, inside the 
limits of the Italian law for the discharge in surface waters 
(see Fig. 8). 

 
 

Figure 8. COD changes after the treatment of a young landfill 
leachate with the sequential treatment pre-ozonolysis adsorption on 

activated charcoal and photo-ozonolysis (blue traces). The red 
bullet shows the COD reduction produced by a straight absorption 
of the leachate on activated charcoal. 

Pilot Plant Description 

The above (and other) experimental results were translated 

into patents19-21 and a pilot plant for the landfill leachate 

treatment was build. The layout of the pilot plant is shown 

in Fig. 9. The pilot plant was designed in a modular way so 
that it is possible to proceed directly and exclusively with 

the pre-ozonation of the leachate keeping excluded the 

activated carbon bed and the UV lamps. Afterwards the 

valves can be arranged in a way that the pre-ozonized 

leachate passes through the activated carbon bed. It is also 

possible to ozonize the leachate and inject it directly into the 

activated carbon column. Finally, the activated carbon 

column can be excluded and the treated leachate is sent 

through the UV lamps and continuously charged with the 

ozone to accomplish the photo-ozonolysis conditions. The 

installed lamps have a total power of 440 W and the ozone 

generator is able to produce 50 g O3 per hour at a flow rate 

of 16-20 L min-1. The corona discharge ozone generator is 

coupled with an oxygen generator starting from air and 

using pressure swing adsorption (PSA) process through a 

dedicated zeolite bed. 

 

 
 

Figure 9. Photo-ozonolysis pilot plant layout. (1) Tank for the 
pristine leachate, (2) pump, (3) sand filter, (4) activated charcoal 
column, (5) batch with recirculation reactor, (6) pump, (7) 
horizontal UV lamps total power 440W, (8) venture injector, (9) 
ozone generator 50 g/h, water-cooled corona discharge coupled 
with PSA oxygen generator working at 16-20 L min-1 (10) 
electrical controls for ozonizer and lamps, (11) electrical controls 

for pumps 

Conclusions 

The young and old or mature leachate are two completely 
different wastes not only in terms of COD level, pH, 
BOD/COD ratio and other analytical chemical parameters 
but especially on the chemical structure of the soluble 
organic matter (SOM) present in the leachate. In fact, the 
SOM isolated from a young leachate is more volatile and 
oxidizable at the TGA in air than the SOM isolated from an 
old leachate. This is due not only to significant differences 
in molecular weight between the two SOM but also to a 
different degree of chemical structural evolution. In fact, the 
SOM from young leachate is easily oxidizable and responds 
well the ozonation with impressive drop in the very high 
initial COD even with moderate ozone doses. The FT-IR 
analysis of ozonized SOM from a young leachate versus a 
reference pristine SOM shows that the ozone attack is 
directed toward unsaturated ketones and specifically to 
unsaturated diketones and triketones which present the keto-
enol tautomerism phenomenon. Aromatic sites are probably 
highly alkyl substituted and hence easily degradable by the 
ozone attack. 

On the other hand the old leachate is less sensitive to direct 

ozonation and the SOM from the old leachate after 

ozonation shows only limited evidences of oxidation. It was 

shown that the ozonation of old leachate could be enhanced 

in terms of COD abatement if conducted in presence of 

activated alumina. However, the refractory nature toward 

oxidation by an old leachate becomes immediately evident 

also in a simple ozonation stage. 

Following the patents,19-21 an effective approach to get rid 
of the old leachate and to reduce its COD within the law 
limits involves a pre-ozonation of the leachate followed by a 
passage through a bed of activated carbon followed in its 
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turn by a final stage of photo-ozonolysis when the leachate 
is a clear transparent solution suitable to be irradiated in 
presence of dissolved ozone. It was shown that with these 
three stages treatment the law limits for the discharge in 
sewage or even in surface waters can be achieved.  

Since the young leachate is so sensitive to oxidation it is 
recommended to oxidize it for example by ozone and then 
treat it with activated charcoal and eventually with photo-
ozonolysis in the final stage, at a considerably lower costs 
than and old, mature leachate. 

A pilot plant was designed and build to demonstrate the 
effectiveness of the proposed process in a larger scale. The 
pilot plant layout has been disclosed in this paper. 
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Keywords: N-alkoxy-N-(pyridin-1-ium-1-yl)urea chlorides; decarbamoylation; 1-alkoxyamino-4-dimethylaminopyridinium 
chlorides; structure; O-N-N geminal systems; dimethylsulfoxide. 

Decarbamoylation of N-alkoxy-N-(4-dimethylaminopyridin-1-ium-1-yl)urea chlorides in dimethylsulfoxide takes place with the formation 
of 1-alkoxyaminopyridinium chlorides. The nature of N-alkoxy substituents has a great influence on decarbamoylation efficiency. 
Decarbamoylation of N-n-butyloxy-N-(4-dimethylaminopyridin-1-ium-1-yl)urea chloride at 20 ºC occurs with the selective formation of 1-
n-butyloxyamino-4-dimethylaminopyridinium chloride. N-Methoxy-N-(4-dimethylaminopyridin-1-ium-1-yl)urea chloride is stable in 
dimethylsulfoxide at 20 ºC, but it forms selectively 1-methoxyamino-4-dimethylaminopyridinium chloride at 82 ºC in 1 h. N-Ethoxy-N-(4-
dimethylaminopyridin-1-ium-1-yl)urea chloride is also stable in dimethylsulfoxide at 20 ºC, but it converts into 1-ethoxyamino-4-
dimethylaminopyridinium chloride at 100 ºC under heating for 3 h. 
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INTRODUCTION 

Five types of 1-alkoxyaminopyridinium salts are known: 
N-alkoxy-N-(pyridin-1-ium-1-yl)-N-tert-alkylamine salts 
(1),1-3 N-alkoxy-N-(pyridin-1-ium-yl)urea salts (2),3-6 N-
alkoxy-N-(1-pyridinium)carbamate chlorides(3),7 N-alkoxy-
N-(pyridin-1-ium-1-yl)benzamide chlorides(4)3 and 
unsubstituted 1-alkoxyamino-4-dimethylamino-pyridinium 
salts 58,9 (Figure 1).  

 

 

 

 

 

Figure 1. The known types of 1-alkoxyaminopyridinium salts 1-5 

Compounds 1–4 were synthesized by the interaction of 
appropriate N-alkoxy-N-chloroamines and N-alkoxy-N-
chloroamides with pyridines1-9 (Figure 2).  

 

 

 

Figure 2. Synthesis of compounds 1 – 4 

1-Alkoxyamino-4-dimethylaminopyridinium salts 5 were 
synthesized by the reaction of methyl N-alkoxy-N-
chlorocarbamates with 4-dimethylaminopyridine (DMAP).8,9 

Evidently, this reaction carries out via formation of unstable 
intermediates 3’ (Figure 3).8 

 

 

 

 

Figure 3. The most convenient synthesis of 1-alkoxyamino-4-
dimethylaminopyridinium salts 5.8,9 

There are other synthesis methods for preparation of 
compounds 5, for example, decarbamoylation of urea 
derivatives 2 with bases as sodium acetate and ammonia, or 
potassium fluoride 9or the reaction of AcONa and benzamide 
4a9 (Figure 4).  
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Figure 4. Other synthesis routes of 1-alkoxyaminopyridinium salts 
(5) 

 

1-Alkoxyaminopyridinium salts 1–5 are relatively stable 
compounds contrary to N-alkoxy-N-aminoamides which are 
destabilized by nN’→σ*N-O(Alk) orbital interaction (“anomeric 
effect”).10-13 

Our previous XRD studies confirmed that 4-dimethylamino 
substituted 1-alkoxyaminopyridinium salts (1–3 and 5) 
predominantly exist in their quinonoid form (B)3,6-9 (Figure 
5). In pyridinium moiety the N–C(2), the N–C(6), the C(3)–
C(4) and the C(4)–C(5) bonds are elongated and the C(2)–
C(3) and the C(5)–C(6) bonds are shortened comparably to 
the same bonds in pyridine and at 4-position unsubstituted 1-
alkoxyaminopyridinium salts (1,2). In compounds 1–3 and 5 
the C(4)–NMe2 bond is strongly shortened and is near to the 
length of a C=N double bond. 

 

 

 

 

 

Figure 5. Quinonoid deformation of pyridine ring in 1-
alkoxyamino-4-dimethylaminopyridinium salts 

EXPERIMENTAL  

300 MHz 1H NMR spectra were recorded on a VARIAN 
VXR-300 spectrometer, 400 MHz 1H NMR spectra were 
recorded on a VARIAN JEMINI 400 spectrometer with 
Me4Si as an internal standard. Mass spectrum was recorded 
on VG 770-70EQ spectrometer in FAB regime. The solvents 
were purified and dried according to standard procedures. 
Dimethylsulfoxide (DMSO) was distilled in vacuo at 4 Torr. 
Benzene was dried by boiling and distillation over Na.  

1-n-Butyloxyamino-4-dimethylaminopyridinium chloride (5a). 

The solution of N-n-butyloxy-N-(4-dimethyl-
aminopyridin-1-ium-1-yl)urea chloride6 2a (0.238 mmol, 
68.8 mg) in freshly distilled dimethylsulfoxide (1 mL) was 
kept at 16 °C during 150 h, then dry benzene (13 mL) was 
added. The benzene-phase was separated; the liquid residue 
was mixed with benzene (3 mL), then after 20 h the benzene-
phase was separated. The obtained residue was dried in vacuo 
at 20 °C (2 Hgmm for 5 h), and then it was extracted by 
CH2Cl2 (8 mL). The CH2Cl2-extract was evaporated in vacuo 
giving 1-n-butyloxyamino-4-dimethylaminopyridinium chlo-
ride 5a (50.6 mg, 80 %) as a white solid, which was identified 
by its 1Н NMR spectra and mass spectrum.8  

1Н NMR (400 MHz, СDCl3) δ = 0.901 (3H, t, 3J= 7.4 Hz, 
NO(CH2)3Me), 1.340 (2H, sex, 3J=7.4 Hz, NO(CH2)2CH2Me), 
1.573 (2H, quint, 3J=7.4 Hz, NOCH2CH2CH2Me), 3.302 (6H, 
s, NMe2), 3.807–3.843 (2H, m, NOCH2), 6.877 (2H, d, 3J=6.8 
Hz, C(3,5)H Py), 8.530 (2H, d, 3J= 6.8 Hz, C(2,6)H Py), 
11.556 (1H, NH). 1Н NMR (400 MHz, СD3OD) δ =0.858 (3H, 
t, 3J=7.0 Hz, NO(CH2)3Me), 1.293 (2H, sex, 3J=7.0 Hz, 
NO(CH2)2CH2Me), 1.532 (2H, quint, 3J=7.0 Hz, 
NOCH2CH2CH2Me), 3.302 (6H, s, NMe2), 3.807–3.895 (2H, 
m, NOCH2), 7.017 (2H, d, 3J=8.0 Hz, C(3,5)H Py), 8.312 (2H, 
d, 3J=8.0 Hz, C(2,6)H Py). 1H NMR (300 MHz, (CD3)2SO) δ 
= 0.86 (3H, t, 3J=7.5 Hz, NOCH2CH2CH2Me), 1.27 (2H, sex, 
3J=7.5 Hz, NOCH2CH2CH2Me), 1.51 (2H, quint, 3J=7.5 Hz, 
NOCH2CH2CH2Me), 3.25 (6H, s, NMe2); 3.79 (2H, t, 3J=6.3 
Hz, NOCH2,); 7.05 (2H, d, 3J=7.8 Hz, C(3,5)H Py); 8.46 (2H, 
d, 3J=7.8 Hz, C(2,6)H Py), 11.00 (s, 1H, NHO). MS (FAB) 
m/z 210 M+ (100), 152.(6), 137 (32), 123 (73).  

b) The solution of N-n-butyloxy-N-(4-dimethyl-
aminopyridin-1-ium-1-yl)urea chloride 2a (0.242 mmol, 69.8 
mg) in freshly distilled dimethylsulfoxide (2 mL) was kept at 
80 °C for 30 min, then dimethylsulfoxide was distilled off at 
70 °C and 2 Torr, then benzene (20 mL) was added to the 
obtained residue. The reaction mixture was kept under 6 °C 
for 20 h, and then, the benzene-phase (upper) was separated. 
The residue was dried at 20°C and 2 Torr for 4h, yielding 
compound 5a  (62.8 mg, 98%). 

1-Methoxyamino-4-dimethylaminopyridinium chloride (5b).  

a) The solution of N-methoxy-N-(4-dimethylaminopyridin-
1-ium-1-yl)urea chloride3,6 (2b) (0.361 mmol, 89.0 mg) in 
freshly distilled dimethylsulfoxide (5 mL) was kept at 82 °C 
for 1 h, then it was concentrated to a volume of 1 mL at 65–
68 °C and 2 Torr.  Benzene (20 mL) was added to the residue 
obtained. The reaction mixture was kept under 6 °C during 20 
h, and then, the upper benzene-phase was separated. The 
lower liquid phase was extracted by benzene (2 mL) again, 
and the benzene-phase was separated, too. The lower liquid 
phase was dissolved in CH2Cl2 (4 mL), this CH2Cl2-solution 
was added to benzene (16 mL), this mixture was kept at 4 °C 
for 22 h. The obtained white precipitate was separated, dried 
in vacuo at 15 °C and 3 Torr for 5 h, yielding 1-
methoxyamino-4-dimethyl-aminopyridium chloride (5b) 
(51.8 mg, 70 %), as colorless crystals, which were identified 
by 1Н NMR and mass spectra.8 
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1Н NMR (300 MHz, СDCl3) δ=3.299 (6H, s, NMe2), 3.599 
(3H, s, NOMe), 6.923 (2H, d, 3J= 8.1 Hz, C(3,5)H Py), 8.527 
(2H, d, 3J= 8.1 Hz, C(2,6)H Py), 11.669 (1H, NH). 1Н NMR 
(300 MHz, СD3OD) δ = 3.304 (6H, s, NMe2), 3.644 (3H, s, 
NOMe), 7.024 (2H, d, 3J=8.1 Hz, C(3,5)H Py), 8.305 (2H, d, 
3J=8.1 Hz, C(2,6)H Py). MS (FAB) m/z 373 2M+•Cl- (1), 371 
2M+•Cl- (4), 168 M+ (100), 137 (41), 122 (22). 

b) The solution of N-methoxy-N-(4-dimethylaminopyridin-
1-ium-1-yl)urea chloride (2b) (0.147 mmol, 36.2 mg) in 
dimethylsulfoxide (2 mL) was kept at 19 °C for 22 h, then 
DMSO was distilled off at 65–68 °C and 2 Torr, then the 
obtained residue was washed twice by benzene (10 mL and 3 
mL), yielding N-methoxy-N-(4-dimethyl-aminopyridin-1-
ium-1-yl)urea chloride (1b) (34.0 mg, 92%) which was 
identified by its 1Н NMR spectrum. 1Н NMR (300 MHz, 
СD3OD) δ =3.330 (6H, s, NMe2), 3.892 (3H, s, NOMe), 
7.074 (2H, d, 3J= 6.6 Hz, C(3,5)H Py), 8.292 (2H, d, 3J= 6.6 
Hz, C(2,6)H Py). 

Decarbamoylation of N-ethoxy-N-(4-dimethylaminopyridin-1-
ium-1-yl)urea chloride (2c)  

a) The solution of N-ethoxy-N-(4-dimethylaminopyridin-1-
ium-1-yl)urea chloride6 (2c) (0.1323 mmol, 34.5 mg) in 
dimethylsulfoxide (0.6 mL) was kept at 19 °C for 48 h, then 
benzene (20 mL) was added. The obtained white precipitate 
was filtered off, washed by benzene (5 ml), dried at 2 Torr, 
yielding N-ethoxy-N-(4-dimethylaminopyridin-1-ium-1-yl)-
urea chloride (2c) (28,0 mg, 81%), which was identified by 
its 1Н NMR spectra. 1Н NMR (400 MHz, СD3OD) δ= 1.313 
(3H, t, 3J=7.0 Hz, NOCH2Me), 3.334 (6H, s, NMe2), 4.107 
(2H, q, 3J=7.0 Hz, NOCH2Me), 7.052 (2H, d, 3J=8.0 Hz, 
C(3,5)H Py), 8.290 (2H, d, 3J=8.0 Hz, C(2,6)H Py). 1Н NMR 
(400 MHz, (СD3)2SO) δ =1.218 (3H, t, 3J=7.0 Hz, 
NOCH2Me), 3.268 (6H, s, NMe2), 4.003 (2H, q, 3J=7.0 Hz, 
NOCH2Me), 7.019 (2H, d, 3J=7.2 Hz, C(3,5)H Py), 7.790 (1H, 
br. s, NH), 7.965 (1H, br. s, NH), 8.456 (2H, d, 3J= 8.0 Hz, 
C(2,6)H Py). 

b) The solution of N-ethoxy-N-(4-dimethylaminopyridin-1-
ium-1-yl)urea chloride (2c) (0.1937 mmol, 50.5 mg) in 
dimethylsulfoxide (3 mL) was kept at 100 °C for 1 h, then 
DMSO was distilled off at 65 °C and 2 Torr, and benzene (10 
mL) was added to the residue. The obtained white precipitate 
was filtered off, washed by benzene (3 mL), dried at 2 Torr, 
yielding 46.7 mg of mixture of unconverted N-ethoxy-N-(4-
dimethylaminopyridin-1-ium-1-yl)urea chloride (2c) and 1-
ethoxyamino-4-dimethylaminopyridinium chloride (5c)8 in 
molar ratio 85:15 (according to 1Н NMR spectrum data).  

c) The solution of N-ethoxy-N-(4-dimethylaminopyridin-1-
ium-1-yl)urea chloride (2c) (0.2708 mmol, 70.6 mg) in 
DMSO (4 mL) was kept at 100 °C for 3 h, then DMSO was 
distilled off in vacuo, and purification following the emthdo 
given above yielded 67.7 mg of mixture of 1-ethoxyamino-4-
dimethylaminopyridinium chloride (5c)8 and 4-
dimethylaminopyridine hydrochloride (DMAP•HCl) in 
molar ratio 75:25. 1Н NMR of compound 5c (400 MHz, 
(СD3)2SO)δ= 1.120 (3H, t, 3J=7.0 Hz, NOCH2Me), 3.235 (6H, 
s, NMe2), 3.819 (2H, q, 3J=7.0 Hz, NOCH2Me), 7.020 (2H, d, 
3J= 8.0 Hz, C(3,5)H Py), 8.432 (2H, d, 3J= 8.0 Hz, C(2,6)H 
Py), 10.821 (1H, NHO). 

RESULTS AND DISCUSSION  

During registration of 1H NMR spectrum of N-n-butyloxy-
N-(4-dimethylaminopyridin-1-ium-1-yl)urea chloride (2a) in 
dimethylsulfoxide-d6, a low field singlet peak appears nearby 
11.00 ppm. After keeping the NMR sample in 
dimethylsulfoxide-d6 for a longer time, the 1H NMR spectrum 
of compound 2a becomes similar to the spectrum of 1-n-
butyloxyamino-4-dimethylaminopyridinium chloride 5a. In 
1H NMR spectrum of compound 5a, a low field singlet of 
NH-proton appears at 11.00 ppm.8 The further study of 2a 
decomposition in dimethylsulfoxide at room temperature 
during a long time has revealed that decarbamoylation of 
compound 2a takes place with the selective forming of 1-n-
butyloxyamino-4-dimethylaminopyridinium chloride (5a) 
(Figure 6). At 80°C, this reaction finishes in 30 min. 

 

 

 

 
Figure 6. Decarbamoylation of N-n-butyloxy-N-(4-
dimethylaminopyridin-1-ium-1-yl)urea chloride 2a in 
dimethylsulphoxide 

Contrary to the behavior of N-n-butyloxy-N-(4-
dimethylaminopyridin-1-ium-1-yl)urea chloride 2a, N-
alkoxy-N-(4-dimethylaminopyridin-1-ium-1-yl)ureas salts 
2b and 2c are stable in dimethylsulfoxide medium at room 
temperature. Compounds 2b and 2c could be recovered in 
unchanged form after keeping them in DMSO at room 
temperature. However, N-methoxy-N-(4-
dimethylaminopyridin-1-ium-1-yl)urea chloride 2b, has been 
converted in DMSO in 1-methoxy-4-
dimethylaminopyridinium chloride (5b) on heating at 82 ºC 
for 1 h (Figure 7). 

 

 

 

 

 

 

 

Figure 7. Decarbamoylation of N-alkoxy-N-(4-
dimethylaminopyridin-1-ium-1-yl)ureas chlorides 2b,c in 
dimethylsulfoxide 

 

N-Ethoxy-N-(4-dimethylaminopyridin-1-ium-1-yl)urea 
chloride 2c is more stable to decarbamoylation in DMSO 
solution.  
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Decarbamoylation of compound 2c at6 82 °C occured very 
slow. Heating at 100 ºC for1 h with further DMSO removing 
yielded the mixture of compounds 2c and 5c in molar ratio 
85:15. The heating of compound 2c solution in DMSO at 100 
ºC for 3 h yielded the mixture of compound 5c and 4-
dimethylaminopyridine hydrochloride (DMAP•HCl) in the 
molar ratio 3:1, the precursor 2c was absent. Apparently, in 
this case, after the overall conversion of urea 2c, the particular 
decomposition of product 5c may be occurred. 

Unfortunately, in our case, the mechanism of 
decarbamoylation of N-alkoxy-N-(4-dimethylaminopyridin-
1-ium-1-yl)ureas salts (2) in the presence of base9 is not 
known. It may be supposed, that dimethylsulfoxide as a weak 
base facilitates proton elimination at high temperatures 
(Figure 8). 

 

 

 

 

 

 

 

Figure 8. The possible mechanism of decarbamoylayion of ureas 2 
by action base(AcO-, F-, NH3) and DMSO 

 

It is probable, that the differences of N-alkoxy-N-(4-
dimethylaminopyridin-1-ium-1-yl)urea chlorides (2) activity 
in the decarbamoylation processes may be caused by the 
different degree of pyramidality of the central nitrogen atom 
of O–N–N+  geminal system. As it is known for compounds 
containing (R)O–N–O(Ac) geminal systems, the growth of 
pyramidality of central nitrogen atom facilitates to increasing 
of action of nO(R)→σ*N–O(Ac) anomeric effect thus causes of 
N–O(Ac) bond weakening.10-13 

The pyramidality of the central nitrogen atom of O–N–O 
geminal systems of N-(4-chlorbenzoyloxy)-N-alkoxyureas 
(6a and 6b,  R= BunO(a), EtO (b)) (Figure 9) depends on the 
nature of N-alkoxy moiety.14 In N-4-chlorbenzoyloxy-N-n-
butyloxyurea 6a, the pyramidality of the central nitrogen 
atom is such as great (sum of bond angles is 323.8º) 5, as that 
was found in N-4-chlorbenzoyloxy-N-etoxyurea 6b (sum of 
bond angles is 329.3º).14 

 

 

 

 

Figure 9. The family of N-4-chlorbenzoyloxy-N-alkoxyureas 
6a,b5,14 

A similar influence of the nature of N-alkoxy substituent on 
the reactivity was found for the isopropanolysis of N-acetoxy-
N-alkoxyureas 7a and 7b (N-alkoxy group = BunO (a), 
MeO(b)).15 In isopropanol, N-acetoxy-N-n-butyloxyurea 7a 
selectively forms N-n-butyloxy-N-isopropyloxyurea 8 at 
room temperature (Figure 10). At the same time, N-acetoxy-
N-methoxyurea 7b is stable towards isopropanolysis at room 
temperature. It was proposed15 that the nitrogen pyramidality 
degree in N-acetoxy-N-n-butyloxyurea 7a was higher than 
that in N-acetoxy-N-methoxyurea 7b due to the influence of 
N-n-butyloxy moiety. Probably, this phenomenon facilitates 
the action of nO(Bu)→σ*N−OAc anomeric effect and the more 
weakening of N−OAc bond. 15 

 

 

 

 

 

Figure 10. Isopropanolysis of N-acetoxy-N-alkoxyureas7a,b at 
room temperatures15 

 

It may be proposed that similarly to N-alkoxy-N-(4-
dimethylaminopyridin-1-ium-1-yl)urea salts (2a-c),  
compound 2a has the largest nitrogen pyramidality degree 
which remains during forming intermediate 5a’ (Figure 8). 
Respectively, intermediate 5a’ may be more stable than 
intermediates 5b’ and 5c’. It might cause the higher reactivity 
of N-n-butyloxyurea 2a comparing to N-methoxyurea 2b and 
N-ethoxyurea 2c. But the structure parameters are known 
only for compound 2b,3 and further XRD study of the 
structure of compounds 2a and 2c is needed for correct 
mechanism proposition. 

Conclusions 

Decarbamoylation of N-alkoxy-N-(4-dimethylamino-
pyridin-1-ium-1-yl)ureas chlorides in dimethylsulfoxide 
occurs with the formation of 1-alkoxyamino-4-
dimethylaminopyridinium chlorides. The nature of N-alkoxy 
substituent’s has a significant influence on easyness of the 
decarbamoylation reaction. 
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