
Reduction of p-nitrophenol by using NiO catalysts                                                                                 Section A-Research paper 

Eur. Chem. Bull. 2019, 8(2), 34-37      DOI: 10.17628/ecb.2019.8.34-37 34 

REDUCTION OF p-NITROPHENOL TO p-AMINOPHENOL BY 

USING NiO CATALYSTS: A COMPARATIVE STUDY 

R. S. Sutar,[a] R. P. Barkul[a] and M. K. Patil[a]* 

 

Keywords: nickel oxide; p-nitrophenol reduction; sodium dodecyl sulfate; p-aminophenol. 

Different nickel oxide catalysts have been prepared by simple precipitation method using different nickel precursors and using surfactant 

sodium dodecyl sulfate (SDS) or without surfactant. The prepared catalysts have been characterized by using XRD and FT-IR. The particle 

sizes have been calculated by using the Scherrer equation. The nickel oxide catalyst prepared by using nickel acetate as precursor and 

surfactant SDS has shown less particle size as compared to other catalysts prepared by using other precursors. Also, nickel oxide catalyst 

prepared using nickel acetate precursor and surfactant SDS has shown higher catalytic activity for reduction of p-nitrophenol (PNP) to p-

aminophenol (PAP) using sodium borohydride (NaBH4). Also, for the said reaction effect of concentration of p-nitrophenol on catalytic 

efficiency has been studied. 
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Introduction 

Countless chemical protocols have been depended upon the 
catalysis, and the catalysts play a crucial role in the 
production and manufacture of chemicals and materials 
because catalytic reactions generally occur under milder 
conditions compared to the noncatalytic reactions.1,2,3 The use 
of heterogeneous catalysts is one of the best attractive 
alternatives for synthetic strategies and adopted by organic 
chemists for increasing the efficiency of a wide range of 
organic reactions.4 

Recently, transition metal oxides as catalysts are to tailor 
and design according to their sizes, structure in 
nanodimensions and therefore their surface chemistry and 
catalytic properties.5-9 An increasing number of illustrations 
are accessible in the literature where nickel-based 
nanoparticles have been used as catalysts during organic 
transformations.10,11 

Nickel oxide (NiO) is a p-type semiconductor material with 
magnetic power and wide band-gap energy (3.6-4.0 eV). It 
has been exploited in many different areas such as gas 
sensing, biomedicinal, electrochemical, supercapacitors, 
photovoltaic devices, memory storage, fuel cells, conducting 
materials, and electrode materials.12 Also, NiO nanoparticles 
have been used as heterogeneous catalysts for various organic 
transformations.13-16 The nanoparticulate NiO catalysts have 
shown an edge over the bulk NiO catalysts since they have a 
higher surface to volume ratios.17 NiO nanoparticles have 
been synthesized by various routes such as chemical 
precipitation method, microemulsion, electron spray 
synthesis, laser ablation, and hydrothermal method.18,19 

Arylamines are useful raw materials for several industries 
such as for the synthesizing rubbers, paints, plastics and 

pharmaceutically significant value-added products. The wide 
commercial use of arylamines has led to the improvement of 
new and efficient protocols for the reduction of nitroarenes. 
The reduction of nitroarenes with sodium borohydride is one 
of the most simple, cleanest and most accepted methods, but 
the very slow hydrolysis of sodium borohydride makes this 
method unusable20,21 until some catalyst is used. 

In this work, we have been prepared NiO nanomaterials by 
simple precipitation method (with and without surfactant) 
using two different precursors (nickel acetate and nickel 
nitrate). Prepared catalysts were characterized by XRD, FT-
IR and applied for catalytic reduction of p-nitrophenol to p-
aminophenol.es: 

Experimental 

The main starting materials were nickel(II) acetate, 
nickel(II) nitrate hexahydrate, sodium hydroxide (NaOH), 
sodium dodecyl sulfate (SDS) and ethanol, all of them were 
analytical grade and purchased from Kemphasol and Sigma-
Aldrich. These chemicals were used as received without 
further purification. 

Synthesis of NiO nanoparticles 

In this preparation, we have prepared two separate 
solutions; a solution of 16.65 g of nickel acetate in 83.25 mL 
of deionized water, and a solution of 10 g sodium hydroxide 
in 250 ml of deionized water. Amount of 6.34 g of surfactant 
sodium dodecyl sulfate has been added to above-mentioned 
nickel acetate solution with continuous stirring. Next, the 
prepared sodium hydroxide solution was added dropwise 
with constant stirring to the solution of nickel acetate and 
surfactant. The mixed solution was stirred by a magnetic 
stirrer at room temperature for 1 h. The resultant light-green 
solution was kept at room temperature for settle down. The 
formed precipitate was then filtered, washed with deionized 
water several times and dried at 50ºC for 24 hours. Finally, 
the obtained powder has been calcined at 500ºC for 4 hrs. The 
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catalyst is abbreviated as NiAC-SDS. By adopting a similar 
protocol, we have synthesized NiO nanoparticles by using 
nickel acetate as precursor without using surfactant and 
abbreviated as NiAC. Furthermore, we have prepared NiO 
nanoparticles by using nickel nitrate as a precursor, SDS as a 
surfactant and without surfactant. These catalysts are 
abbreviated as NiNT-SDS and NiNT respectively. 

Characterization 

X-ray diffraction analysis of prepared catalysts has been 
carried using X-ray diffractometer (Bruker) with CuKα 
irradiation at 40 kV and 40 mA. Phase identification of the 
nickel oxide was performed. Furthermore, FT-IR analysis has 
been conducted on Thermo Nicolet Nexus 670 spectrometer 
in the range 4000 to 400 cm−1. 

Conversion of p-nitrophenol to p-aminophenol 

Firstly, p-nitrophenol (10 mg) was dissolved in 100 ml 
distilled water, the reaction mixture was kept for stirring for 
1 h. The reducing agent sodium borohydride was added to the 
solution of p-nitrophenol in a round bottom flask and stirred 
for 30 min. After that 30 mg  prepared NiO catalyst was 
added. The UV-visible spectra have been taken for samples 
collected after a different time interval from the reaction 
mixture. The various experiments of reduction of p-nitro 
phenol have been carried out by varying p-nitrophenol 
concentration. 

Results and Discussions 

X-Ray diffraction analysis 

XRD was used for the identification of phase and size of 
NiO material and also gives information on unit cell 
dimensions. The Figure 1 shows the XRD pattern of NiO 
catalyst exhibited five XRD peaks at 2θ 37.1°, 43.3°, 62.9°, 
75.2° and 79.2°, corresponding to the (101), (012), (110), 
(113) and (202) planes, respectively of cubic NiO (JCPDS44-
1159).29  

 

 

 

 

 

 

 

 

Figure 1. XRD pattern of NiO catalyst. 

The particle size of the nanoparticles was calculated 
through the Scherrer's equation.30 

    [D = kλ/βcosθ] 

where D is the average crystallite domain size perpendicular 
to the reflecting planes, k is the constant, λ is the wavelength, 
β is the full width at half maximum and θ is the diffraction 
angle. The calculated average crystallite size of NiAC-SDS, 
NiAC, NiNT-SDS and NiNT are 11.76 nm, 19.23 nm, 20.08 
nm and 21.55 nm, respectively. 

FT-IR analysis 

Figure 2 shows the FT-IR spectrum of the NiO catalyst 
(NiAC-SDS). The broad absorption band centered at 3319 
cm−1 is attributed due to the band O–H stretching vibrations, 
and the band at 1619 cm−1 is attributed due to bending mode 
of H–O–H.  

 

 

 

 

 

 

 

 

 

Figure 2. FT-IR spectrum of NiO catalyst (NiAC-SDS) 

The band at 1107 cm−1 is due to the fact that the calcined 
powder tends to absorb water and carbonate ion physically. 
The weak band at 450 cm−1corresponds to the bending 
vibration of metal oxide (Ni-O) bond. 

Catalytic reduction of p-nitrophenol 

Figure 3 shows the conversion of p-nitrophenol to p-
aminophenol (Scheme 1) using sodium borohydride (10 mg) 
and the different catalysts. p-Nitrophenol having max at ~320 
nm. After the addition of sodium borohydride, max was 
shifted from ~320 nm to 400 nm due to formation of p-
nitrophenolate ion. After the addition of catalysts, the 
intensity of the band at 400 nm starts decreasing and new 
band will appear at 300 nm which is attributed to the 
formation of p-aminophenol. The initial color of p-
nitrophenol is light yellow, becomes intense yellow on the 
addition of NaBH4 (due to the formation of p-nitrophenolate 
ion) and after addition of a catalyst, the intensity of yellow 
color decreases.   
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Figure 3. Conversion of PNP to PAP using catalysts a) NiAC-SDS, 
b) NiAC, c) NiNT-SDS. 

 

 

Scheme 1. Conversion of p-nitrophenol to p-aminophenol 

From Figure 3 among the four NiO catalysts prepared, the 
NiAC-SDS have considerably good activity for this reaction 
than other catalysts. We have carried out further study, by 
using NiAC-SDS catalyst. 

Effect of concentration of p-nitrophenol 

On increasing the concentration of p-nitrophenol, the rate 
of conversion to p-aminophenol decreases (Figure 4).  It is 
due to a decrease in active sites of the catalysts as compared 
to a number of molecules of p-nitrophenol. 
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Figure 4. Kinetical parameters of PNP conversion into PAP using 
various catalysts (a) and the effect of p-nitrophenol concentration 
with using NiAC-SDS catalyst 

Conclusions 

We have successfully synthesized the NiO material by 
using a simple precipitation method and prepared catalysts 
having crystallite size on the nanometer scale. From the XRD 
analysis, NiO catalyst prepared by using acetate precursor 
and sodium dodecyl sulfate as surfactant have shown 
crystalline size 11.76 nm and formation of cubic phase. 
Furthermore, this catalyst has shown better catalytic activity 
for the conversion of p-nitrophenol to p-aminophenol.  
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SIMULTANEOUS EFFECTS OF Cd(II) AND Pb(II) IONS AND γ-IRRA-

DIATION ON STABILITY OF SPIRULINA PLATENSIS 

J. Monaselidze,[a] E. Gelagutashvili,[a] N. Bagdavadze,[a] M. Gorgoshidze[a] and E. 
Lomidze[a] 

 

Keywords: metal ions; γ-irradiation; Spirulina platensis; differential scanning microcalorimetry. 

Effect of toxic metal ions Cd(II) and Pb(II) on cyanobacterium (blue-green algae) Spirulina platensis intact cells have been studied with 

optical and differential scanning microcalorimetry (DSC) methods after 7.2 kGy 137Cs gamma irradiation and without irradiation. It is shown 

that the addition of metal ions causes a decrease in optical absorption spectra band intensities. In the case of irradiation, the absorption band 

intensity decreases higher than without irradiation. The binding constant of Pb(II) with Spirulina platensis is calculated for nutrition medium 

with pH 9.2. DSC data show that Cd(II) and Pb(II) ions do not change the integral heat of absorption (ΔHm) that equals to 24.6 J g-1. In the 

case of irradiation, the DSC melting curve profile changes significantly and ΔHm decreases two times, which indicates that 50 % of proteins 

are denaturated. The DSC method also gives a possibility to evaluate C-phycocyanin content from deconvoluted heat absorption peak at 

50 °C, which equals to 35.5 %. In case of irradiated wet mass, sub-cultured wet mass, and wet mass re-irradiated with the same dose, contents 

of Spirulina platensis ingredients – C-phycocyanin, chlorophyll, and carotenoids – increase as a result of the simultaneous effect of the metal 

ions and irradiation.  
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Introduction 

Nanotechnology gives a possibility to introduce a lot of 
new tools to be used in cellular and molecular biology. One 
of the modern trends in nanotechnology is associated with 
using the blue-green microalgae (cyanobacteria) Spirulina 
platensis that have been utilized in the food industry, 
pharmaceuticals, medicine and science.1 It is one of nature's 
first photosynthetic organisms capable of converting light 
directly for complex metabolic processes. One of the algae's 
useful qualities is its ability to protect us from radiation. 
Algae contain a large amount of iodine and sodium alginate 
that help removal of radioactive substances from the living 
organisms.  

It was shown2 that Spirulina is a ubiquitous organism. 
Spirulina platensis has attracted more attention because of its 
high nutritional content that includes 50–70 % protein and 
minerals, vitamins, amino acids, essential fatty acids, etc.3 
The thermal stability of C-phycocyanin from Spirulina 
platensis and the compounds that additionally stabilize C-
phycocyanin are crucial to food industry.4 Spirulina platensis 
absorbs toxic metal ions from its environment.5 It was also 
demonstrated that some compounds of the algal cell biomass 
are responsible for binding to various ions.6,7 Spirulina 
platensis may be able to reduce many types of harmful 
stresses, including those caused by heavy metals and 
irradiation.8,9 In our previous works, the accumulation and 
biosorption of metal ions by Spirulina platensis and their 
components10–13 as well as Spirulina platensis usability as a 
matrix for production of noble metal nanoparticles14,15 have 
been studied.  

Thermostability of Spirulina platensis cells and their 
component have been successfully studied with the help of 
differential scanning microcalorimetry (DSC).16,17 

At present, some innovative technologies are focused on 
the metal binding capacities of various microorganisms and 
their components. However, the mechanism of their 
interaction with metal ions and gamma irradiation are 
unknown. In this work, we have studied the simultaneous 
effects of 137Cs gamma irradiation and toxic metal ions on the 
growth of Spirulina platensis intact cells and their 
constituents using UV–VIS spectrometry and DSC. 

Materials and methods 

Spirulina platensis IPPAS B–256 strain was cultivated in a 
standard Zarrouk18 alkaline saline medium at 34 ºС, 
illumination ∼5000 lux, at constant mixing in batch 
cultures.19 Cultivation of the Spirulina platensis cells was 
conducted for 7 days. The cell growth was evaluated by 
optical density by monitoring of changes in absorbance at 
wavelength 560 nm measured with a spectrophotometer 
(UV–Visible spectrometer, Cintra 10e GBC Scientific 
Equipment Pty Ltd, Australia). The absorption spectra from 
380 to 850 nm of intact cells suspension of Spirulina platensis 
(pH 9.2) in Zarrouk medium have been recorded. In all 
abovementioned cases, the concentration of Spirulina 
platensis was 1.6 mg mL-1. This was determined by 
instrumental measurements.20,21 The concentration of Cd(II) 
and Pb(II) ions was 0.5 µM. 

To study the biosorption process on the Spirulina platensis 
intact cells, the methods of dialysis and atomic absorption 
analysis were used. A known quantity of cyanobacterium 
suspension in the nutrient medium was in contact with the 
solution containing a known concentration of metal ions.   
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The intact cell weight content was kept constant (1.6 mg 
mL-1), while the initial metal concentration varied within the 
interval 10–3 to 10–6 M. All experiments were carried out at 
the ambient temperature. The dialysis was carried out in 5 mL 
cylindrical vessels made of organic glass. A 30µm wide 
cellophane membrane (Visking type, manufactures by Serva) 
was used as a partition. The duration of dialysis was 72 h. The 
metal concentration after the dialysis was measured using the 
atomic absorption spectrophotometer Analyst–900 (Perkin-
Elmer). Each value was determined as an average of three 
independent estimated values with the standard deviation. 

Spirulina platensis cells were exposed to 7.2 kGy -
irradiation using 137Cs as a -source, at the Applied Research 
Center, E. Andronikashvili Institute of Physics. After the 
irradiation, the cells were cultivated in Zarrouk medium for 
21 days.  The adsorption isotherm data for metal ion binding 
by Spirulina cells were calculated from the Freundlich 
equation.22 

The Spirulina platensis cell suspension and wet mass were 
also measured with DSC designed for diluted solutions and 
complex biological systems.23 The calorimeter sensitivity 
was 0.1 µW, the volume of measuring vessels was 0.3 cm3, 
the heating rate was 0.5 °C min-1, and the temperature range 
of measurements was from 25 to 130 °C. The accuracy of the 
temperature measurements was not less than 0.05 °C. The 
error in the determination of melting enthalpy (Hm), heat 
capacity dQ/dT (Cmax) was not more than 10 %.  

Results and discussions 

Cd(II) and Pb(II) ions effect on intact cells of Spirulina 
platensis was studied as a function of metal concentration at 
pH 9.2. The spectrum of native S. platensis biomass is 
illustrated in Fig. 1. Figure 1 shows the absorption 
characteristics of control of intact cells of Spirulina platensis. 
The peak at 681 nm corresponds to the absorption of 
chlorophyll a (Chl a). The peaks at 620.7 nm and 500 nm 
correspond to the absorption of phycocyanin and carotenoids, 
respectively. A peak at 440 nm corresponds to Soret band of 
Chl a.24 In Fig. 1, there are also shown the effects of Pb(II) 
and Cd(II) ions on the absorption of the intact cells of 
Spirulina platensis.  

 

 

 

 

 

 

 

Figure 1. Absorption spectra of intact cells of cyanobacterium 
Spirulina platensis. 1 – control after incubation in nutrition medium 
for 7 d, 2 – same control + Pb(II), and 3 – same control + Cd(II). 

Figure 1 demonstrates that the absorption intensity 
decreases after addition of the metal ions. The absorption is 
inhibited by 8, 3, 3 and promoted by 33 % at 681, 620.7, 500 
and 440 nm, respectively, for Cd(II) comparing to the control. 
Similar results were obtained for Pb(II) – the absorption 
intensity was inhibited by 5, 3 and 3 % and increased by 33 
% at the given wavelengths, respectively.  

 

 

 

 

 

 

 

 

Figure 2. Heat absorption curve of intact Spirulina platensis cells 
recalculated per gram of biomass in Zarrouk medium. Conditions 
are the same as in Fig.1. The volume of cell suspension was 290 µl 
and dry biomass amount was 3.5 mg. 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Heat absorption curve of intact Spirulina platensis cells in 
the presence of 0.5 µM Cd(II) recalculated per gram of biomass in 
Zarrouk medium. Conditions are the same as in Figure 1. The 
volume of cell suspension was 290 µl and dry biomass amount was 
3.7 mg. 

 

Figures 2–4 present heat absorption curves of Spirulina 
platensis intact cells suspensions and cells treated with Cd(II) 
and Pb(II) ions. The given data demonstrate that Spirulina 
platensis cell components and intercellular matrix proteins, 
including genetic material, melt within the temperature range 
from 45 to 110 °C. The intact samples and samples with metal 
ions have some similarities and differences. They are 
similarities in appearance of an intensive endothermic 
maximum at 50 °C in case of intact cells and curves of cells 
treated with Cd(II) and Pb(II) ions. The differences appear in 
melting characteristic in the temperature range from 58 to 100 
°C. For example, the melting curves of intact cells are 
complicated -  includes heat absorption peaks at 65, 74, 78, 
86, and 95 °C and a shoulder at around 58 °C – while the 
curves for metal-ion treated cells are simpler. 
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Figure 4. Heat absorption curve of intact Spirulina platensis cells in 
the presence of 0.5 µM Pb(II) recalculated per gram of biomass in 
Zarrouk medium. Conditions are the same as in Figure 1. The 
volume of cell suspension was 290 µl and dry biomass amount was 
4.2 mg. 

 

The curve profile changes to simpler curves in case of 
metal-ion treated samples contains only two separated peaks 
at 78 and 98 °C. As for the very weak absorption peak of 
chromatin at 105 °C, its thermostability does not change at 
the mentioned content of metal ions.23 The melting enthalpy 
of intact Spirulina platensis and Spirulina platensis at the 
presence of 0.5 µM Cd(II) and Pb(II) ions coincide within the 
experimental error and equals to 24.6 J g-1. 

Figures 3 and 4 demonstrate that Cd(II) or Pb(II) ion 
concentration 0.5 µM do not damage the genetic material, but 
those ions change the melting curve profile, which is caused 
by the formation of two independent heat absorption peaks at 
around 78 and 97 °C. The curve deconvolution shows that the 
protein melting at 78 and 97 °C takes place in narrow 
temperature intervals, which indicate that the proteins 
influenced by Cd(II) and Pb(II) have high thermostability and 
they have highly ordered structures. It should be mentioned 
that we have observed a powerful heat evolution (–Q) in case 
of cells at presence of Cd(II) in the temperature range 30 to 
50 °C, which mainly reflects respiration of cells (oxygen 
absorption rate), which in its turn, strongly depends on pH 
and heating rate.17 As far as the primary goal of this work is 
focused on influence of Cd(II) and Pb(II) ions on 
thermodynamic stability of proteomes and protein complex 
of Spirulina platensis that is denaturated in the temperature 
interval from 45 to 110 °C, we kept the samples in dark at 15 
°C during 30 h in sealed DSC cells before experiments, in 
order to have –Q equal to about 0 J g-1. This was made to have 
a proper baseline for precise detection of melting parameters. 

Figure 5 illustrates the absorption spectra of the intact cells 
of the Spirulina platensis as a control, (1) after 7.2 kGy -
irradiation for 7 days, (2) control after 7.2 kGy -irradiation 
in the presence of Pb(II) ions, and (3) control after 7.2 kGy -
irradiation in the presence of Cd(II) ions. After irradiation, 
the peak intensities were decreased as follows: by 20, 11, 22 
and 28 % at 681, 620.7, 500 and 440 nm, respectively, for 
Cd(II) ions in comparison to the irradiated control. As for 
Pb(II), the peak intensities were decreased by 14, 7, 18 and 
20 % at the given wavelengths, respectively.  

As it is seen from the abovementioned results, in both 
cases, cadmium(II) ions have a more significant effect on 
peak intensities than the lead(II) and the optical spectra 
positions do not change due to the effect of metals.  

 

 

 

 

 

 

 

 

Figure 5. Absorption spectra of intact cells of the cyanobacterium, 
Spirulina platensis. 1 – control after incubation 7 days, 2 – control 
after -irradiation with 7.2 kGy dose + Pb(II), and 3 – control after 
-irradiation with 7.2 kGy dose + Cd(II). 

 

The equilibrium constant was determined by the use of 
equilibrium dialysis and atomic absorption analysis methods 
for Pb(II) ions. Figure 6 presents the absorption isotherm for 
Pb(II) – Spirulina platensis in nutrient medium at pH 9.2, 
where the Freundlich adsorption model was used for the 
mathematical description of the biosorption of Pb(II) – 
Spirulina platensis. The points presented in the figure are 
experimental data, and the line is derived from the Freundlich 
equation. The correlations between experimental data and the 
theoretical equation were extremely good with R2 above 0.90. 
Using the Freundlich isotherm, the biosorption constant (K) 
was determined for Pb(II)–Spirulina platensis system and 
were found to be equal as 1.8·10–4 M.  

The Cd(II)–Spirulina platensis system sorption constant 
value exceeds the value given for Pb(II)–Spirulina platensis 
system in the nutrient medium.10,11 The biosorption constant 
for Cd(II) – Spirulina platensis was dissolved in the medium 
at pH 8.6 was 5.1·10–4 M. We foundus that the efficiency of 
Cd(II) ions biosorption depends on the conditions of the 
uptaking processes,10,11 especially, the pH is an essential 
factor for Cd(II) binding of Spirulina platensis.  

It was supposed25 that Cd(II), Cu(II), and Co(II) 
biosorption by algae biomass takes place through electrostatic 
interactions between the metal ions and the microbial cell 
walls. The results showed that carboxyl groups on algal cell 
biomass are the active sites for binding to various ions.26 

Figure 7 demonstrates irradiation of wet mass (control) that 
was sub-cultured after 7.2 kGy gamma irradiation for 3 weeks, 
as well as the influence of Cd(II) and Pb(II) ions (Curves 2 
and 3). Figure 7 shows that the absorption intensity decreases 
in addition of either metal ion. 
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Figure 6. Linearized Freundlich adsorption isotherms of Pb(II)–
Spirulina platensis in nutrition medium (Cb is binding metal 
concentration, mg g-1, and Ctotal is initial Pb concentration. mg L-1). 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Absorption spectra of intact cells of cyanobacterium 
Spirulina platensis. 1 – control that was sub-cultured after 7.2 kGy 
-irradiation for 3 weeks, 2 – control that was sub-cultured after 7.2 
kGy -irradiation for 3 weeks + Pb(II), and 3 – control that was sub-
cultured after 7.2 kGy -irradiation for 3 weeks + Cd(II) 

Namely, the absorption intensity decreased by 21 % at 681 
nm, by 16 % at 620.7 nm, by 17 % at 500 nm, and by 25 % at 
440 nm for Cd(II) ions, in comparison to the control.  

 

 

 

 

 

 

 

 

 

 

 

Figure 8. Absorption spectra of intact cells of cyanobacterium 
Spirulina platensis. 1 – irradiated mass that was sub-cultured after 
7.2 kGy -irradiation for 3 weeks after repeated irradiation with 
same dose, 2 – irradiated mass that was sub-cultured after 7.2 kGy 
-irradiation for 3 weeks after repeated irradiation with same dose + 
Cd(II), and 3 – irradiated mass that was sub-cultured after 7.2 kGy 
-irradiation for 3 weeks after repeated irradiation with same dose + 
Pb(II). 

As for Pb(II), the absorption intensity decreased by 10, 6, 4 
and 8 % at the given wavelengths, respectively, in 
comparison to the irradiated wet mass. 

Figure 8 demonstrates the absorption spectra of the intact 
cells of the irradiated Spirulina platensis mass that was sub-
cultured for 3 weeks after 7.2 kGy -irradiation, and after 
repeated irradiation with the same dose and under effects of 
Cd(II) and Pb(II) ions. Curve 2 corresponds to Cd(II), and 
Curve 3 corresponds to Pb(II). At the presence of Cd(II) ions, 
the absorption intensity increased by 64, 49, 26 and 69 % at 
681, 620.7, 500 and 440 nm, respectively, in comparison to 
the irradiated wet mass. At the presence of Pb(II), the 
absorption intensities are increased by 64, 59, 27 and 64 %, 
respectively, at the same wavelengths. Thus, the toxic metal 
ions promote an increase in the amount of basic components 
of Spirulina platensis. Namely, the presented study has 
demonstrated that proteins, chlorophylls and carotenoids 
content of Spirulina platensis significantly increases in 
comparison to the control as a result of the simultaneous 
effect of Cd(II) and  Pb(II) ions and -irradiation. 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 9. Differential scanning microcalorimetry curve of irradiated 
native Spirulina platensis cells. Conditions are the same as in Figure 
8. The volume of cell suspension was 290 µl and dry biomass 
amount was 2.1 mg. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10. Heat absorption curve of irradiated and recultivated 
Spirulina platensis cells recalculated per gram of biomass in Zarrouk 
medium. Conditions are the same as in Figure 7. The volume of cell 
suspension was 290 µl and dry biomass quantity was 4.05 mg.  
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Figure 11. Heat absorption curve of re-irradiated Spirulina platensis 
cells recalculated per gram of biomass in Zarrouk medium. 
Conditions are the same as in Figure 8. The volume of cell 
suspension was 290 µl and dry biomass amount was 1.2 mg. 

The DSC measurements show that the irradiated Spirulina 
platensis cell suspension has a complex melting profile with 
weak maximums at 72 and 92 °C and a shoulder at 103 °C, 
the C-phycocyanin melting peak at 50 °C has been 
disappeared, and proteins mainly melt at 72 and 92 °C (Figure 
9). We suppose that the shoulder corresponds to melting of 
genetic material – chromatin complex.23 The integrated heat 
amount is decreased to the half comparing to the non-treated 
sample (see Figure 2). After 3 weeks of recultivation, the 
same Spirulina platensis cell suspension has the curve 
presented in Figure 10, where the C-phycocyanin heat 
absorption intensity is restored and the melting temperature 
is shifted to higher temperatures by 6 °C, and the peak around 
105 °C is very weak. For comparison, see also Figure 11. 

 

 

 

 

 

 

 

Figure 12. Heat absorption curve as a function of the temperature of 
re-irradiated Spirulina platensis cells at the presence of 0.5 µM 
Pb(II) recalculated per gram of biomass in Zarrouk medium. 
Conditions are the same as in Figure 8. The volume of cell 
suspension was 290 µl and dry biomass quantity was 1.3 mg.  

 

Figure 12 presents the DSC curve of re-irradiated Spirulina 
platensis cells at the presence of 0.5µM Pb(II). The curve 
shows that the C-phycocyanin peak absent, the main heat 
absorption occurs as a broad dominant peak around 72 °C, 
and a small peak appears at about 93 °C. The melting enthalpy 
is decreased to 1/3 compared to the intact cells. Similar results 
have been received for Cd(II.  

The DSC data can give the value of absorption heat with 
high accuracy in the denaturation/melting process of 
Spirulina platensis cells, therefore these peaks could be 
deconvoluted. Since the C-phycocyanin melts in the 
temperature range from 40 to 58°C (Tm = 50±1°C), from the  
heat calculated from the area under this peak, the C-
phycocyanin content is proved to be 35±5 % of total protein 
amount that melts in the temperature range from 40 to 100 °C 
in case of Spirulina platensis in Zarrouk medium.  
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KINETICS OF ISOTHERMAL ANNEALING OF -IRRADIATED 

EUTECTIC MIXTURE OF NaNO3-KNO3 
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A considerable amount of work has been reported on isothermal annealing of pure alkali and alkaline earth metal nitrates. In the present work, 

initially, the eutectic of NaNO3-KNO3 was prepared by mixing NaNO3 (45%) and KNO3 (55%) fused at 225 0C and cooled naturally.  The 

samples of a eutectic of NaNO3-KNO3 were irradiated in 60Co – gamma source.  The radiation decomposition of the eutectic mixture takes 

place. Present work mainly deals with the study of isothermal annealing of radiation damage in a eutectic mixture of NaNO3-KNO3. This 

data has been analyzed by using conventional kinetics and the Waite model. Results of annealing show that a significant fraction of annealing 

obeys second order kinetics except in the initial short period.  The energies of activation are calculated by two methods and are found to 

agree. 
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INTRODUCTION 

A considerable amount of research results has been 
reported on isothermal annealing of pure alkali and alkaline 
earth metal nitrates,1-7 however, only limited data are 
available on the annealing of eutectics. 

It is well established that defect concentration in solids 
increases after irradiation as compared to the thermal 
equilibrium level. These defects are responsible for different 
property changes in solids. These defects react to reduce the 
free energy of the system. When the temperature of irradiated 
solids is raised sufficiently, the property reverts to its original 
value. This general process of decay of property-change by 
temperature is known as annealing. 

Several workers carried out the experiments on the thermal 
annealing process in alkali and alkaline earth nitrates.8-10. The 
kinetic analysis showed that the order of reaction varied 
concerning the nature of nitrates. Bedekar et. al2 reported 
100 % annealing of damage in ammonium nitrate crystals and 
about 35 % annealing to take place in  KNO3-Sr(NO3)2 
eutectic at 200 0C. 

The process of annealing is generally formulated using 
equations similar to those of chemical kinetics. Various 
diffusion-controlled models have been proposed such as 
Fletcher-Brown model and Waite model11,12 to explain the 
characteristics of annealing kinetics. The energy of activation 
for the annealing reaction is computed. An appropriate 
mechanism of annealing consistent with the observed results 
is proposed.  

EXPERIMENTAL 

The eutectic mixture of NaNO3 (45 %)-KNO3(55 %) was 
fused at 2250 C and cooled naturally.13 The irradiation of 
samples of eutectic was carried out in 2.5 kCi 60Co -source 
at ambient temperature. The results of the radiolytic 
decomposition of a eutectic mixture of NaNO3-KNO3 are 
already reported in terms of  G(NO2

-) values. 

After irradiation, the samples of the eutectic mixture of 
NaNO3-KNO3 were subjected to isothermal annealing at 
various temperatures for different time intervals using an 
electric furnace. 

The annealed samples of the eutectic mixture after removal 
from thermostat or furnace were analyzed to estimate the 
amount of nitrite [G(NO2

-)] left after annealing by using 
Shinn’s method.14  

RESULTS AND DISCUSSION 

The fraction annealed, ø, after heating for time t, is defined 
by an expression  

ø  =(NO2
-)0 - (NO2

-)t/(NO2
-)0 

where, (NO2
-)0 and (NO2

-)t  are the concentrations expressed 
in a number of NO2

-  molecules per gram of the eutectic 
mixture present initially and after time t, respectively. 

A plot of fraction annealed ø, as a function of annealing 
time at various temperatures, are shown in Fig. 1. The 
examination of the annealing curves obtained reveals that 
there is an abrupt recovery of damage in the initial period of 
annealing followed by a slow rate of annealing at every 
temperature. 
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For example, the extent of annealing in a eutectic mixture 
of NaNO3-KNO3   at 200 0C is found to be 45 % in 10 h, while 
only 10 % of annealing takes place during the next 20 h. 

 

Figure 1. A plot of fraction annealed ø, as a function of 
annealing time at various temperatures 

 

Figure 2. First order plots for annealing of nitrite in γ–
irradiated NaNO3-KNO3 eutectic. 

 

Analysis of data of annealing obtained at various 
temperatures by conventional kinetics5 showed that the 
annealing occurs by a combination of the first and the second 
order processes. The first order process taking place in the 
initial stages is attributed to the germinate recombination of 

fragments in the damaged zone. The first order disappearance 
of the nitrite is the recovery of closely correlated NO2

- and O 
pairs in the form of NO3

- (Fig. 2). 

While, the occurrence of the second order is explained on 
the basis of a random combination of NO2

- and O or O2 
fragments which have diffused farther apart in the crystal 
lattice. (Fig. 3) 

Figure 3.  Second order plots for annealing of nitrite in γ–
irradiated NaNO3-KNO3 eutectic. 

The energy of activation for the first and the second order 
processes computed from the Arrhenius plot are found to be 
8.0 kJ. mol-1 and 14.4 kJ mol-1 respectively. The kinetics of 
annealing is also explored by using the Waite Model which 
considers the annealing as a diffusion-controlled reaction. 
This model envisages a spread in the separation of an 
interstitial from the corresponding vacancy and a random 
distribution of pairs concerning one another. The resulting 
expression for short time of annealing is 

ø =   K {D0 e-E/ RT }1/2 t1/2 

where,  

D0 is the diffusion coefficient and  

E is the energy of activation for diffusion. 

The energy of activation of annealing from this is found to 
be 13.7 kJ mol-1 which is in reasonable agreement with the 
value obtained for the second order process using the 
conventional method.  

CONCLUSIONS 

The present investigations revealed that the recovery of 
damage in irradiated samples of the eutectic mixture of 
NaNO3-KNO3 occurs due to thermal reactions as well as 
reactions accompanying phase transformations in the 
damaged crystals.   

The isothermal annealing process is formed to consist of a 
fast first-order reaction in addition to a slow predominant 
second order reaction. 
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PHYTOCHEMICAL PROPERTIES OF CONVENTIONAL 

AQUEOUS EXTRACT AND MICROWAVE ASSISTED EXTRACT 

OF CESTRUM NECTURM LEAVES 

Samreen Fatema,[a] Mohd Imran Anees,[b] Mazahar Farooqui[c] and Pathan 
Mohd Arif[a]* 

 

Keywords: extraction; phytochemical analysis; antibacterial activity; Cestrum necturm 

Cestrum nocturnum Linn. belongs to Solanaceae. It is commonly known as Raat rani, lady of night or night Jessamine have great medicinal 

value. The plant was extracted using conventional extraction as well as microwave-assisted extraction. The phytochemicals such as 

carbohydrate, proteins, amino acid, glycoside, phenolic compounds and tannins have been qualitatively determined. The physicochemical 

properties such as relative density, viscosity, surface tension and refractive index were determined. All features of microwave assisted 

extract were found to be higher than aqueous extract. UV-Vis and IR data were evaluated. The extracts were screened for biological activity 

and aqueous extract is found to be active against E. Coli, B. Subtilis, S. Typhi, S. Aureus, tuberculosis and malaria 
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Introduction 

Plants are the vital source to combat the severe diseases in 
the world.1 World health organization (WHO) reported that 
the more than 80 % of the world population used the 
remedies based on plants for their primary health care 
need.2,3 The plants are the source for the new drugs, in 
which the majority are still unexplored. Among the 25 000 
000 to 50 000 000 plant species - several percentages of the 
plants are investigated for their phytochemical and 
biological screening.4 India is known for the thousands of 
species for its medicinal value and the use of the different 
parts of the plant to cure specific alignment.5  

Cestrum nocturnum Linn. belongs to Solanaceae. It is 
commonly known as Raat rani, lady of night or night 
Jessamine.6 It contains simple glossy leaves, vine-like stems, 
greenish-creamy white tubular flowers. The species name 
‘nocturnum' refers to the species which have the habit of 
opening its small, heavily-scented flowers at night.7,8 
Hemant Kumar Nagar et al. reported the wound healing 
activity of Cestrum nocturnum (L.) ointment,9 antidiabetic10 
and antibacterial11,12 activities.  

The present study is done for the investigation of the 
phytochemicals are occurred in Cestrum nocturnum and to 
determine the physical parameters of its aqueous-extract by 
different methods. The comparative study was done for 
conventional extraction (CE) and microwave-assisted 
extraction (MAE). 

Experimental 

The plant leaves were collected from the nearby field of 
Aurangabad city. The leaves were washed gently and dried 
under shade and were ground. The extraction and analytical 
methods of phytochemical and physico-chemical  
parameters like relative density, viscosity, surface tension 
and refractive index along with phytochemical qualitative 
tests were carried out as described in our earlier reports.13-16 
The UV-visible spectra were recorded in the range from 190 
to 800 nm by using double beam spectrophotometer of 
Model Elico-159 and λmax values were determined. The 
FT-IR instrument IRT3000 (JASCO) used to get IR spectra. 
Antibacterial activity is investigated by cup plate method in 
which 70 µL of standard test solution was added in each 
cups or wels and these cups were prepared by using sterile 
metal borer. The media used was sterile nutrient agar and 
sterilization was performed in autoclave at 121 0C for 20 
min. For the present study Streptomycine is used as a 
standard against  bacterial culture. 

Results and discussion 

The leaves of Cestrum nocturnum were analyzed to 
determine their phytochemical, physicochemical and 
biological properties.  

The powder sample is treated with different chemicals and 
changes in color were registered. The results are shown in 
Table 1. The solutions gave different colors, for example, 
concentrated hydrochloric acid gave red while 1 M 
hydrochloric acid gave creamy color. It can be attributed 
due to differences in reactivity and color changes according 
to the pH (indicator property) of different materials are 
present. The ash content showed the presence of inorganic 
compounds. The total ash content in the leaves of Cestrum 
nocturnum was found to be 13.4 %. The water-soluble part 
of the ash was found to be 50 %, while 22 % of the ash does 
not dissolve even in 1 M hydrochloric acid either.  
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The summarized properties of the ash made from leaves of 
Cestrum nocturnum are shown in Table 2. 

Table 1. Fluorescent test for the leave powder. 

Sr. No. Solutions Observation 

1 The powder as such (P) Dark green 

2 P + n-butanol Whitish green 

3 P + conc. HCl Red 

4 P + conc. HNO3 Dark orange 

5 P + conc. H2SO4 Blackish brown 

6 P + Ethanol Whitish green 

7 P + Ammonia Cream 

8 P + Glacial acetic acid Fluorescent green 

9 P + 1N HCl Cream 

10 P +1N NaOH Yellowish green 

11 P + 5% HCl Cream 

12 P + 5% NaOH Yellowish 

13 P + benzene Fluorescent green 

Table 2. Ash analysis and densities of leave powder 

Sr. No. Ash Result 

1. Total ash 13.4 % 

2. Water soluble 50 % 

3. Acid-insoluble 22 % 

4. Bulk density 0.3885 g mL-1 

5. Tab density 0.5018 g mL-1  

6. Housner ratio 1.2916 

7.  Carr’s index 22.58 % 

The leaves of Cestrum nocturnum was extracted using the 
same solvent but different techniques. The difference 
between conventional extraction (CE) and microwave-
assisted extraction (MAE) was registered. The percentages 
of both extractions were almost the same, but the MAE is 
more convenient because it gives nearly about the same 
percentage within half an hour only. The results are shown 
in Table 3. 

Table 3. Extractive value of Cestrum nocturnum leaves 

Sr. No. Solvent Percentage 

1. Conventional 

hydrodistillation 

24.79 

2. Microwave-assisted 

hydrodistillation 

24.52 

Physicochemical properties like density, viscosity, surface 
tension and refractive index were measured for different 
concentration of the leave extracts of Cestrum nocturnum 
(Table 4 and 5). 

The phytochemical analysis of the plant leaves of both 
techniques gives the same results (Table 6). This proves that 
there is no breaking of the compound takes place due to high 
radiation is the microwave or no breaking takes place due to 
constant heat in conventional distillation. The test is 
showing a positive result for alkaloids, carbohydrate, 
glycoside, saponins, proteins or amino acid phenolic 
compounds or tannins.  

 

Table 4. Physicochemical properties of CE of leave extract. 

Sr. No. Concentration, 

ppm 

Relative density Viscosity, Pa s Surface tension,  

N m-1 

Refractive index 

1. 5 0.99758 0.8338 74.8828 0.99970 

2. 10 0.99859 0.8346 77.9530 0.99871 

3. 20 0.99677 0.8331 74.8230 1.00070 

4. 40 0.99677 0.8331 77.8131 1.00070 

5. 60 0.99720 0.8335 77.8473 1.00029 

6. 80 0.99697 0.8333 74.8380 1.00022 

7. 100 0.99556 0.8321 74.7326 1.00176 

 

 

Table 5. Physicochemical properties of MAE of leave extract. 

Sr. No. Concentration, 

ppm 

Relative density Viscosity, Pa s Surface tension,  

N m-1 

Refractive index 

1. 5 0.9986 0.8371 50.1188 0.9989 

2. 10 1.0037 0.8762 51.6972 0.9936 

3. 20 1.0053 0.8779 54.6630 0.9923 

4. 40 1.0033 0.8762 54.5551 0.9943 

5. 60 1.0054 0.8779 54.6684 0.9922 

6. 80 1.0000 0.8733 54.3770 0.9976 

7. 100 0.9979 0.8366 59.1979 0.9996 
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Table 6. Phytochemical analysis of the leave extract of Cestrum 
nocuturnum 

Sr. No. Reagent CE MAE 

1. Detection of Alkaloids 

A. Mayer’s test -ve -ve 

B. Wagner’s test +ve +ve 

C. Hager’s test +ve +ve 

 

2. Detection of carbohydrate 

A. Molish test +ve +ve 

B. Fehling’s test +ve +ve 

C. Benedic test -ve -ve 

D. Barfoad’s test +ve +ve 

 

3. Detection of Glycosides 

A. Borntrager’s test -ve -ve 

B. Legal’s test -ve -ve 

 

4. Saponins +ve +ve 

 

5. Detection of proteins and amino acid 

A. Millon’s test +ve -ve 

B. Nitric acid test -ve +ve 

C. Biuret test +ve +ve 

D. Ninhydrine test -ve -ve 

 

6. Detection of phenolic compound and tannins 

A. Ferric chloride test -ve -ve 

B. Gelatin test +ve +ve 

C. Lead acetate test +ve +ve 

D. Alkaline reagent test +ve +ve 

Spectroscopic results 

The IR spectrum of an extract of Cestrum nocturnum was 
also recorded. (ESI Fig.1, Table 7)  

Table 7. IR bands of Cestrum necturnum plant leaves extract 

Band (cm-1) Intensity Functional group 

3329 Very broad OH (NH) bonds  

2942 Sharp Aliphatic C-H bonds 

1609 Sharp (OH) 

1417 Broad C-H bending vibrations 

1075 Broad C-O-C asymmetrical 

stretching  

819 Broad C-H bands 

776 Broad C-H bands 

623 Very broad aromatic hydrocarbon 

bands 

Though it contains a mixture of compounds but still in 
order to find out various functional groups and a general 
fingerprint of samples. The IR bands observed are shown in 
Table 7. UV spectra of the solutions at ~50 ppm 
concentration were recorded for both extracts with water as 
a reference. The spectral data are shown in ESI Fig 2 and 
Fig 3.  

The λmax values were found to be 197 and 248 nm for 
conventional aqueous extract and microwave assisted 
aqueous extract, respectively. 

Anti-bacterial activity 

Both the conventional extraction and microwave-assisted 
extraction products were tested against E. coli, B. Subtilis 
and S. Aureus, but antimicrobial activity was found only in 
the case of CE extract (Table 8). Unfortunately, it does not 
show any activity against tuberculosis and malaria, while the 
microwave assisted extract does not show any activity 
against the listed bacteria trains and tuberculosis or malaria. 
This may be due to the degradation of compounds which are 
responsible for the antimicrobial effect.   

Table 8. Antibacterial, antituberculosis and antimalarial properties 
of leaves extract 

Sr. 

No. 

Micro-

organism 

Dead zone diameter, mm 

MAE CE Standard drug 

     

1. E. coli 0  18  12 

2. B. Subtilis 0  18 12 

3. S. Typhi 0  10 12 

4. S. Aureus 0  18 12 

5. T. B 0  0  12 

6. Malaria 0  0  12 

 

Conclusions 

The present study revealed that microwave extraction 
gives the same percent of extraction as the conventional 
extraction, but the latter is more time-consuming. Both the 
extract provides the same result for the phytochemicals, 
including alkaloids, carbohydrates, glycosides, saponins, 
proteins amino acids, phenolic compounds or tannins 
content. The conventional extracts showed antibacterial 
activity against E. coli, B. Subtilis and S. Aureus, while the 
microwave-assisted extract has no antimicrobial effect due 
to the degradation of biologically active components.   
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ASSURANCE DEVICES (ARC- AND MAP-CHECKS) 
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Keywords: QA assurance and control;  arc and map-check; oncology; breast and larynx patient; linear accelerator; external beam 

therapy, intensity-modulated-radiotherapy; volumetric-modulated-arc-therapy; dose distribution and measurement; dosimeters, c-

index technique; two and three-dimensional  plane. 

The radiotherapy is a complex procedure and involves understanding of the principles of medical physics, radiobiology, radiation safety, 

dosimetry, radiation treatment planning, simulation and interaction of radiation with other treatment modalities. Each step in the integrated 

process of RT needs quality control and quality assurance to prevent errors and to give high confidence that patients will receive the 

prescribed treatment correctly. A patient-specific quality assurance program has been developed to facilitate the clinical implementation of 

the intensity-modulated radiotherapy delivered using a micro‐multileaf collimator. The methodology includes several dosimetric tasks that 

are performed prior to the treatment of each patient. Film dosimeter is performed for each individual field and the multifield composite 

plan. Individual field measurements are performed at a depth of 5 cm in a water equivalent slab phantom. The heterogeneity inserts of 

phantom are 2 cm×2 cm×22 cm with absorption characteristics of water, brain, muscle, lung, breast, adipose tissue, bone, and liver.  
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INTRODUCTION 

The purpose of the research is related to the need to 
develop an analytical approach to planning and question 
anything different from the norm. This study was conducted 
to verify planar dose distributions acquired during the 
pretreatment step of the radiotherapy (RT), in particular, the 
patient-specific intensity-modulated-radiotherapy (IMRT) 
quality assurance (QA) delivered at LIV Hospital Radiation 
Medicine Centre (Tbilisi, Georgia). 

EXPERIMENTALS 

Our study took one year to provide the appropriate 
radiation database with  clinical conditions: ELEKTA, type 
of treatment machine, and treatment planning systems 
(TPS); Treatment approaches: IMRT, S and S IMRT, SBRT, 
SRS, and volumetric-modulated-arc-therapy (VMAT); QA-
devices: Subnuclear, Arc-Check, and Map-Check; Fraction 
dose: between 1.5–3.0 Gy; and the number of patients: 
breast – 87 and larynx – 504.  

RESULTS AND DISCUSSION 

Five hundred ninety-one patient data were evaluated for a 
time ranging from 2017 to 2018. These data were gauged 
using several methods used in the QA process. Several 
patient plan QA in the latter years.  

Patients were grouped according to several parameters 
including TPS, site of treatment, and type of treatment 
machine used in comparing the measured versus computed 
dose differences. 

With the introduction of advanced RT techniques such as 
VMAT and IMRT, the three-dimensional (3D) dose 
distribution for radiation therapy has become both more 
conformal and complex. These features pose a great 
challenge for the QA of the dose distribution, which 
commonly consists of both point dose and two-dimensional 
(2D) plane dose measurements.1 And an urgent need for 3D 
dosimetry has also been stated.2 

Various techniques have been developed to compare 
measured dose distributions with those generated by the 
treatment planning system.3–24 The c-index technique,3,4 
which is the standard method for planar dose verification in 
IMRT QA,5,6 calculates the quantity c for each point of 
interest using preselected dose-difference (DD) and 
distance-to-agreement (DTA) criteria and then uses the c 
value to determine the outcome (pass–fail) of the IMRT QA. 

QA measurements are conducted per year for each patient. 
Quality assurance is specifically defined as the systematic 
actions necessary to ensure that a product or process 
performs to specification. The accuracy of each step in the 
process has a direct impact on treatment outcome. 

The following criteria are used for absolute dose and 
relative dose to determine if a point passes or fails: threshold 
(TH %), percent difference (Diff %), and distance (Dist, 
mm). TH % is the minimum dose percent value that must be 
met in either the device measured or planned dose data for 
the point to be included in the analysis. Global, so-called 
Van Dyk, Diff % is the percent difference between the doses 
at any measured point and the corresponding plan point 
normalized to a common point (a user-selected 
normalization point or the maximum dose point – default). 
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As for the Dist, it is a radius in mm around the measured 
point. This test refers to points, where the difference 
between measured and planned values of co-located points 
exceeds the selected percent difference. Using the distance 
to agreement criteria, measured point passes if, within a 
circle of DTA in mm, there exists at least one plan point that 

is greater than or equal to and at least one plan point that is 
less than or equal to the value of the measured point. The 
plot (Table 1) shows all the measurement points that are not 
in agreement. The points that record a higher value are 
shown in red (hot) while those that record a lower value are 
shown in blue (cold). 

 

Table 1. Quality assurance data of  breast patients. 

 

 

Treatment 

approach 

PTV1 

 

PTV2 PTV3 Fraction # 

 

QA Device 

 

Machine 

 

AD Local 

 

AD Global 

 

diMRT 12     6 MapCheck2 Synergy 100 100 

diMRT 22     11 MapCheck2 Synergy 95,9 100 

diMRT 22     11 MapCheck2 Synergy 98 100 
diMRT 69 65 50 37 MapCheck2 Synergy 95,3 99,8 
diMRT 14     7 MapCheck2 Synergy 93,8 97,5 
diMRT 70 60 54 39 MapCheck2 Synergy 93 100 
diMRT 25     9 MapCheck2 Synergy 96,4 99,7 
diMRT 27,8 27,8   35 MapCheck2 Synergy 94,6 99,6 
diMRT 46     23 MapCheck2 Synergy 98,8 100 

diMRT 70 62 56 39 MapCheck2 Synergy 99 100 
diMRT 51 54   35 MapCheck2 Synergy 96,6 99,6 
diMRT 70 62 58 45 MapCheck2 Synergy 95,6 99,9 
diMRT 70 62 58 35 MapCheck2 Synergy 89,7 99,1 

diMRT 64     32 MapCheck2 Synergy 100 100 

diMRT 22     13 MapCheck2 Synergy 99,7 99,7 

diMRT 18     9 MapCheck2 Synergy 100 100 

diMRT 70 58   35 MapCheck2 Synergy 99 100 
diMRT 70 58   35 MapCheck2 Synergy 97,3 99,5 
diMRT 50     25 MapCheck2 Synergy 99,5 100 
diMRT 70 55   61 MapCheck2 Synergy 95,1 98,7 
diMRT 50     26 MapCheck2 Synergy 98,5 97 
diMRT 60     28 MapCheck2 Synergy 94,1 100 

diMRT 56     28 MapCheck2 Synergy 93 97,3 
diMRT 33     10 MapCheck2 Synergy 99,5 99,7 
diMRT 70 58   35 MapCheck2 Synergy 97,1 99,8 
diMRT 51     25 MapCheck2 Synergy 97,4 100 
diMRT 62 58 54 31 MapCheck2 Synergy 96,2 100 

diMRT 28 24   8 MapCheck2 Synergy 100 100 

diMRT 70 55   33 MapCheck2 Synergy 93 99,3 
diMRT 69     28 MapCheck2 Synergy 100 100 
diMRT 70 62 57 35 MapCheck2 Synergy 97,7 99,5 
diMRT 50     25 MapCheck2 Synergy 98,5 100 

diMRT 45 40   15 MapCheck2 Synergy 99 100 
diMRT 58     28 MapCheck2 Synergy 99,7 100 
diMRT 63     28 MapCheck2 Synergy 96,4 96,4 
diMRT 30     10 MapCheck2 Synergy 93,9 94,8 
diMRT 50     25 MapCheck2 Synergy 95,5 100 
diMRT 70 60 56 35 MapCheck2 Synergy 88,9 98,2 
diMRT 50     25 MapCheck2 Synergy 96 99,4 
diMRT 70 60 50 35 MapCheck2 Synergy     

diMRT 70 63 58 35 MapCheck2 Synergy 89,3 93,4 
diMRT 70 63 58 35 MapCheck2 Synergy 89,5 99,1 
diMRT 70 63 58 35 MapCheck2 Synergy 95,8 99,2 
diMRT 40     5 MapCheck2 Synergy 97,7 97,7 
diMRT 62 60 54 31 MapCheck2 Synergy 96 100 
diMRT 60 58 54 30 MapCheck2 Synergy 97 100 
diMRT 70 56   35 MapCheck2 Synergy 92,1 98,3 
diMRT 70 62 56 35 MapCheck2 Synergy 98,7 100 
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Table 2. Quality assurance data of  larynx patients 

 

 

Treatment 

approach 

PTV1 

 

Fraction # 

 

QA Device 

 

Machine 

 

AD Local 

 

AD Global 

 

RD 

 

VMAT 40 10 ArcCheck Versa HD 89,5 93,6 91,4 
VMAT 70 35 ArcCheck Versa HD 92,2 99,6 100 
VMAT 40 35 ArcCheck Versa HD 96,5 100 100 
VMAT 48 24 ArcCheck Versa HD 99,2 99,9 100 
VMAT 26 13 ArcCheck Versa HD 99,9 100 100 
VMAT 24 12 ArcCheck Versa HD 99,3 100 100 
VMAT 70 35 ArcCheck Versa HD 96 99,8 99,9 
VMAT 70 35 ArcCheck Versa HD 94 99,6 99,7 
VMAT 34 17 ArcCheck Versa HD 99 99,7 99,9 
VMAT 70 35 ArcCheck Versa HD 94,9 99,6 99,9 
VMAT 60 30 ArcCheck Versa HD 80 96,8 97,8 
VMAT 32 16 ArcCheck Versa HD 92,2 97,8 97,4 
VMAT 70 35 ArcCheck Versa HD 97,8 100 100 
VMAT 60 28 ArcCheck Versa HD 98,9 100 100 
VMAT 70 34 ArcCheck Versa HD 91 98,8 99,6 
VMAT 70 35 ArcCheck Versa HD 97,3 99,9 99,9 
VMAT 45 25 ArcCheck Versa HD 97,7 99,8 99,9 
VMAT 50 28 ArcCheck Versa HD 85,3 94,6 97,4 
VMAT 60 28 ArcCheck Versa HD 98,7 100 100 
VMAT 60 30 ArcCheck Versa HD 79 95,4 99,8 
VMAT 60 30 ArcCheck Versa HD 87,7 95,8 98,6 
VMAT 42 21 ArcCheck Versa HD 85,1 96,5 99,2 
VMAT 63 28 ArcCheck Versa HD 92,7 99,6 99,7 
VMAT 70 35 ArcCheck Versa HD 97 100 100 
VMAT 50 28 ArcCheck Versa HD 93,3 98 97,8 
VMAT 36 20 ArcCheck Versa HD 95,1 99,7 99,7 
VMAT 18 9 ArcCheck Versa HD 78,8 92,8 97,4 
VMAT 45 15 ArcCheck Versa HD 93,7 99,3 98,8 
VMAT 60 31 ArcCheck Versa HD 95 98,2 98,6 
VMAT 70 35 ArcCheck Versa HD 96,1 99,6 99,6 
VMAT 30 10 ArcCheck Versa HD 100 100 100 
VMAT 30 10 ArcCheck Versa HD 85,8 94,1 99,4 
VMAT 70 35 ArcCheck Versa HD 90 96,6   
VMAT 70 35 ArcCheck Versa HD 95,6 99,1 98,8 
VMAT 70 35 ArcCheck Versa HD 97,3 99,8 99,6 
VMAT 66 33 ArcCheck Versa HD 86,1 97,8 97,5 
VMAT 70 35 ArcCheck Versa HD 90,7 95,3 96 
VMAT 34 17 ArcCheck Versa HD 93,9 98 99,1 
VMAT 63 28 ArcCheck Versa HD 89,7 96 95,2 
VMAT 62 31 ArcCheck Versa HD 91,4 99,2 99,4 
VMAT 60 30 ArcCheck Versa HD 93,4 99,4 99,2 
VMAT 60 30 ArcCheck Versa HD 96,2 99,6 99,6 
VMAT 70 35 ArcCheck Versa HD 94,1 98,1 100 
VMAT 64 32 ArcCheck Versa HD 85,6 95,6 99,2 
VMAT 30 17 ArcCheck Versa HD 89,4 95,6 97,7 
VMAT 50 25 ArcCheck Versa HD 94,3 97,1 99,2 
VMAT 50 25 ArcCheck Versa HD 100 100 100 
VMAT 70 35 ArcCheck Versa HD 94,5 99,2 99,3 
VMAT 60 30 ArcCheck Versa HD 70,9 80,4 92,6 
VMAT 60 30 ArcCheck Versa HD 69,4 80,2 92 
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Figure 1. Dose distribution - larynx patient 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Dose distribution - breast patient 
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If the Global % checkbox is selected in the analysis panel, 
the Van Dyk comparison is used during DTA and gamma 
analysis (Figures 1 and 2). 

Global % difference for DTA analysis is defined as the 
following expression in the SNC patient software: 

 

 

 

where: 

PDEk,l is the percent dose difference between Mg,h and 
Pk,l, 

Mg,h is the measured value at the point (g, h), 

Pk,l  is the planned value at the point (k, l), and 

Pnorm is the planned value at the normalization point. 

Global % difference for gamma analysis is defined as the 
following expression in the SNC patient software: 

 

 

 

where: 

PDEk,l is the percent dose difference between Mg,h and 
Pk,l, 

Mg,h is the measured value at the point (g, h), 

Pk,l  is the planned value at the point (k, l), and 

Mnorm is the measured value at the normalization point. 

CONCLUSION 

For dose distribution overlays or dose-difference 
determinations, the results were independent to within a sign 
of selection of the reference or evaluated distribution. 
However, for the DTA and γ tools, the results could be 
profoundly affected by the selection, especially when one or 
both of the dose distributions contained some noises. 
Typically, the reference and evaluated distributions would 
refer to measured and calculated distributions, respectively. 
But, the final selection should be based on which 
distribution is considered the standard by which the other is 
compared.  

The γ tool provides a quantitative method for comparing 
two dose distributions. In this paper, we have shown the 
utility of the tool to compare two similar dose distributions 
and evaluated the sensitivity of the tool to pseudorandom 
noise. In all of these tests, the dose and distance criteria 
were fixed, preselected values. In practice, the values can be 
set as functions of space the location of the dose comparison 
or dose value. 
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HIGH DEFORMATIONS IN LEAD SELENIDE NANOLAYERS 

AND RELATED NEW PROPERTIES 
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Keywords: nanolayers; deformations; dislocations; supercriticality; “negative” pressure. 

The article deals with the modified method of “hot-wall” beam epitaxy for obtaining the strained lead selenide nanolayers over a wide range 

of growth rates and controlling their thickness. With detection of the two-stage growth of the layers, the layers with high deformations – 

tangential lattice constants, and hence with high “negative” pressure were formed. Observations of the shift of the optical spectrum in strained 

layers and the possibility of deep compensation of the concentration of current carriers when doping the layers with impurities with variable 

valence turned out to be interesting as well. Under high deformations, the texture of a tetragonal phase is formed. There appears a new level 

in the conduction band and hence additional absorption in the optical spectrum. The given specific features were first discovered in the physics 

and technology of IV–VI semiconductors, and they open new opportunities of using these semiconductors in IR optoelectronics. 
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Introduction 

Some new data on the comprehensive research of the 
strained layers of IV–VI semiconductors have been presented 
recently.1 In bulk crystals and thick layers, the atomic number 
– the weight of the components of the compound determines 
the chain of interconnected physical properties of IV–VI 
semiconductors: a narrow band gap leads to small values of 
effective mass which, in turn, lead to high mobility of current 
carriers. In thin strained layers, a slight change in the distance 
between the atoms constituting the compound, for example, 
with tensile strain is accompanied by an increase in the lattice 
constant and the band gap, while the mobility of current 
carriers decreases more significantly than without relaxation 
of strains at the substrate-layer interface.2 As the investigation 
showed, it is important that, when the strained state is retained 
for two and more years, new opportunities to control 
smoothly and flexibly the properties of the nanolayers of IV–
VI semiconductors and to realize innovative semiconductor 
device solutions are viewed.3 Hence the strained nanolayers 
can be classified as new nanomaterials. 

Among the specific features discovered in the strained 
nanolayers of IV–VI semiconductors, the following ones 
stand out: supercritical layers under “negative” pressure, non-
monotonous dependence of deformations on the growth rate 
for certain layer thickness, and detection of additional 
absorption in optical spectra.4 

 

From the variety of methods of growing the epitaxial layers 
of IV–VI semiconductors from liquid and gas phases to 
obtain single-crystal strained layers, we chose the method of 
“hot-wall” beam epitaxy.5–9 In this work, the problems of the 
growth of the strained layers of IV-VI semiconductors and 
their discovered physical properties are considered and 
analyzed by the example of lead selenide. 

Technological design and research methods  

The method of “hot-wall” beam chosen for growing the 
strained lead selenide nanolayers is convenient for 
modification and control of the parameters of the layers. The 
schematic of the design is shown in Figure 1.  

 

 

 

 

 

 

 

 

 

Figure 1. Schematic of design for growing PbSe layers by “hot-wall” 
beam epitaxy: 1 – substrate, 2 – flapper, 3 – radiation screen, 4 – 
quartz ampoule, 5 – polycrystals PbSe source, 6 – heater, 7 – tube 
for selenium vapor, 8 – screen, and 9 – selenium vapor source. 
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The source of epitaxy–polycrystalline lead selenide (PbSe) 
was placed on the bottom of a quartz ampoule 19 cm in length 
and 3.5 cm in diameter. The source was obtained both with 
the evaporation of a stoichiometric composition and small 
deviations from stoichiometry (within the homogeneity 
range) of PbSe in the evacuated system and settled in the zone 
at 450–510 ºС. The KCl(100), NaCl(100), and BaF2(111) 
substrates were prepared by cleavage off immediately before 
the epitaxy. 

Table 1. Layer growth rate control (Tsub = 240ºC). 

Variant Source 

temperature, 

ºC 

Distance between 

ampoule edge and 

substrate h, mm 

Layer growth 

rate v, nm s-1 

I 470 12 0.5 – 2 

II 470 1 4 – 6 

III 510 1 8 – 11 

 

The temperature in the area of the substrate placed on a 
stainless steel plate varied over the temperature range of 240–
310 ºС. The distance between the open edge of the quartz 
ampoule with the source of epitaxy and the substrate made up 
1–20 mm.10 Results of layer growth rate control are shown in 
Table 1. Along with the source of epitaxy – PbSe polycrystals 
with different deviation from stoichiometry, we used an 
additional selenium source with heating temperature 100–120 
ºС to control the type of conduction and the concentration of 
current carriers. 

In the areas of the substrate, the source of epitaxy and the 
selenium reservoir, the temperature was controlled with an 
accuracy of 0.3 ºС. The quartz ampoule with a heater with 
stainless steel casing was placed in a vacuum chamber, where 
the pressure was kept at 2·10–6 Torr, while the realized growth 
rates made up 0.1–50 nm s-1. Minimal growth rates were 
achieved with heating of the substrate from the back side 
using an incandescent lamp (the temperature gradient was 
maintained in the thickness of the substrate) and with the 
distance between the open edge of the quartz ampoule and the 
substrate of about 20 mm. 

The thickness of layers was determined by the X-ray 
method with the symmetric reflection of the radiation of CoKα 
(λ=1.7889 Å) from planes (200) and (400), and determination 
of the intensity-to-intensity ratio of the radiation reflected 
from the substrate with a deposited layer and without it. The 
lattice constant was determined by reflection of radiation 
from the plane (400) on the relation a=2λ/sinθ, where θ is 
Bragg’s angle.11 The concentration of current carriers and 
their mobility at 77 and 300 K were determined by four-probe 
method.12,13 

Results and discussion  

The growth rate of layers is determined by the rate of 
delivery of molecules to the substrate. Figure 2 shows the 
dependences of the thickness l of layers on the duration of 
their growth on KCl(100) substrates with two different 
distances between the substrate and the open edge of the 
quartz ampoule with the source I: 2.5 and 12 mm.14 

 

 

 

 

 

 

 

 

 

 

Figure 2. Dependence of thickness of epitaxial PbSe layers on the 
duration of growth with the distance between the open edge of quartz 
ampoule and substrate: (a) 1–2.5mm and (b) 1–12mm.  

After some time perceived as growth delay td, the layers 
grow faster, especially when l = 1mm. It was experimentally 
determined that, at 1 = 1, 2.5, 12, and 20 mm, the delay time 
td was equal to 2, 9, 60, and 100 s, respectively. Taking into 
account the sensitivity of the X-ray method – 10 nm, the 
growth delay can be referred to the time of origination and 
merging of islets-nuclei. Attributing this event to the first 
stage of growth, we can conclude that the growth rate in the 
given cases was equal to 5, 1.1, 0.2 and 0.1 nm s-1, 
respectively. 

At the second stage, the growth rate varies over the range 
from 0.6 to 50 nm s-1. At the same time, layer-by-layer growth 
of layers is realized with increasing elastic energy emerging 
due to a mismatch between the lattice constants of the layer 
and the substrate: аPbSe = 6.126 and аKCl = 6.290 Å. The 
indicators of two-stage growth of the layers of IV–VI 
semiconductors are described in work.15 

The estimated critical thickness of layers with which elastic 
energy is transferred to dislocations makes up ≤2nm. As is 
evident from Table 2, the layers retain the strained state: the 
lattice constant exceeds 6.126 Å with the thickness of at least 
>40 nm. This is explained by braking of dislocations when 
their motion transfers from slip to creep in the result of the 
location of nonstoichiometric defects in their nuclei, or more 
precisely annihilation of these defects in dislocations. At the 
second stage of layer growth, the elastic energy of layers is 
expanded on the origination and acceleration of dislocations 
(the relaxation of strain takes place), and from the point of 
view of achieving maximum defects such a role of 
dislocations is negative. In contrast, at the first stage, the 
islets-nuclei flatten faster already with small layer thickness 
with the relaxation of the surface energy of these islets and 
their merging occurs, continuous growth of layers accelerates. 
In this case, loss and transfer of energy to dislocations by 
nuclei play a positive role. 

In Table 2 are given the data on the conditions of growth 
and the characteristics of layers (temperatures of the substrate 
and the source, rate of growth, the tangential lattice constant 
and deformations). 
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Table 2. Data on conditions of growth and characteristics of strained PbSe layers on KCl(100) substrate. 

 

For the first group of layers (SL–541, SL–558, SL–555, and 
SL–562) grown at l = 12 mm, temperature of the source of 
epitaxy 470 ºС, and the substrate 280–300 ºС (at which the 
migration of nonstoichiometric defects raises), low rate of 
growth <1.5 nm s-1, and thickness of layers <100 nm, the 
layers grew with high tangential lattice constants reaching 
6.190 Å with deformation ~0.01. For the second group of 
layers (SL–215, SL–578, SL–283, and SL–284) grown at l = 
2.5 mm, temperature of the source of epitaxy 470 ºС, and the 
substrate 300 ºС, and thickness of layers 100–200 nm, the 
lattice constant did not exceed 6.150 Å, and deformation  was 
<0.003. In the third group of layers (SL–602 and SL–605) 
grown at l = 1mm, the temperature of the source of epitaxy 
510 ºС, and the substrate 240 ºС, the lattice constant was even 
lower 6.140 Å with deformation <0.002, the thickness of 
layers was >200 nm. 

It should be noted that, by its parameters, layer SL–602 can 
be referred both to the second and the third groups. The 
highest tangential lattice parameters were achieved when the 
substrates were heated from the back side and the distance 
between the ampoule with the source of epitaxy and the 
substrate made up 20 mm. At the temperature of the source 
450 ºС and the substrate 300 ºС, the tangential lattice constant 
of the layer, for example, 22 nm thick reached 6.219 Å, and 
deformation >0.015. 

Analyzing the results given in Table 2, we can infer that it 
is possible to achieve the maximum values of tangential 
lattice constant by reducing gradually the growth rate of 
layers, especially when the layer thickness is <100 nm. Really, 
as the rate of growth of layers by 0.5 nm s-1 decreases from 
1.3 to 0.8 nm s-1, the tangential lattice parameter increases by 
0.030 Å reaching 6.190 Å for the layer 52 nm thick. This 
occurs due to sufficient location of nonstoichiometric defects 
in dislocation nuclei. At the same time, at a certain growth 
rate, the minimal thickness of the layer for the maximum 
lattice constant can somewhat change with an increase in the 
density of dislocations in the substrate up to more than 106 

cm–2.16,17 

It is noteworthy that the increase in the tangential lattice 
constant is associated with tensile strain in the layers, and not 
with the difference between thermal expansion coefficients of 

the KCl and the PbSe layers, when, on the contrary, the lattice 
constant of layers decreases. The increase in the lattice 
constant of layers is connected with the deformations formed 
at the substrate-layer interface, and not at the boundaries of 
subgrains – in this case, disorientation is minimal and makes 
up one hundred-thousandth of a minute.18 

 

 

 

 

 

 

 

Figure 3. Dependence of tangential lattice parameter of PbSe layers 
on growth rate with thickness d < 100 nm (a) and d = 100–200 nm 
(b), and of deformation on the thickness of layers at different growth 
rates: 1 – 1 and 2 – 6 nm s-1 (c). 

Figure 3a shows the dependence of the tangential lattice 
constant on the growth rate of layers for the layers <100nm 
thick and Figure 3b shows a similar relationship for the layers 
100–200 nm thick. In the dependence of the tangential lattice 
constant on the growth rate, for such a layer, for example, 181 
nm thick, there appears the maximum of 6.150 Å at the 
growth rate of 6nm/s. Apparently with a higher thickness of 
layers their elastic energy increases, and the relaxation of 
strains leads to the origination of significantly more 
dislocations. Bunches of dislocations are formed with their 
chaotic distribution, and the same number of 
nonstoichiometric defects is sufficient for formation of clouds 
limiting the displacement of dislocations. That is why braking 
of dislocations is more effectively than at low growth rates, 
when the same concentration of nonstoichiometric defects is 

# Layer Temperature, °C Growth 

duration, s 

Layer 

thickness, nm 

The tangential 

lattice constant, Å 

Layer growth 

rate, v, nm s-1 

Relative mismatch–

deformation,  

ε =100(аl–аPbSe)/аPbSe 

Source  Substrate  

1 SL-541 470 300 80 101 6.162(4) 1.3 0.59 

2 SL–558 470 300 77 83 6.172(0) 1.1 0.75 

3 SL–555 470 300 75 68 6.177(4) 0.9 0.83 

4 SL–562 470 300 67 52 6.188(2) 0.8 1.01 

5 SL–215 450 240 300 200 6.129(7) 0.7 0.05 

6 SL–578 470 240 30 181 6.249(0) 6.1 0.38 

7 SL–283 470 240 13 110 6.144(4) 8.5 0.29 

8 SL–284 470 240 15 175 6.136(7) 11.7 0.16 

9 SL–602 510 240 12 206 6.139(2) 17.2 0.21 

10 SL–605 510 240 20 440 6.132(6) 22.1 0.10 

11 SL–623 450 300 130 25 6.202(1) 0.19 1.24 

12 SL–177 450 300 330 22 6.219(5) 0.07 1.52 
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insufficient for application, but, if the density of dislocations 
is high the investigation of specific features of growth with 
the thickness of layers 100–200nm is a useful model for 
achieving high deformations in thinner layers. 

At higher growth rates 6 nm s-1 < v < 20 nm s-1, both for the 
thickness of layers <100 and 100–200nm, relaxation of 
strains increases due to the mismatch emerging at the 
boundaries of subgrains (Figure 3b).4,19 These conclusions are 
also illustrated by Figure 3c, which shows the dependence of 
deformation on the thickness of layers, and that, at the layer 
thickness of the layer 181 nm, the deformation also increases 
with the increasing growth rate. 

 

 

 

 

 

 

 

 

Figure 4. Layer thickness dependence of mismatch – deformation 
(in relation to single-crystal PbSe) in PbSe layers grown on KCl (a), 
BaF2 (b), and NaCl (c) substrates. 

A specific role of nonstoichiometric defects with their 
annihilation in the nuclei of dislocations is manifested with 
the formation of supercritical layers as well. In Figures 4a, b, 
and c are shown relative mismatches – deformations in lead 
selenide layers growing on KCl(100), BaF2(111), and 
NaCl(100) substrates depending on the thickness of layers. 
Comparing the deformations with the thickness 20nm, in the 
case of KCl (а = 6.290Å), ɛ = 1.5·10–2 and, in the case of BaF2 
(а = 6.200Å), ɛ = 0.6·10–2. In both cases, the deformations of 
~0.001 were observed at the thickness of ~200nm. When the 
layers are grown on the NaCl substrate (а = 5.640Å), due to 
the higher mismatch in the PbSe layer 20nm thick, the 
deformation is higher and makes up ~2·10–2, but at the level 
of ~0.001 it stretches to the thickness of 60nm. In this case, 
the area of supercriticity reduces because of the compression 
of layers, while it is significantly larger with stretching – 
“negative” pressure. 

Because of a wide range of tensile strain, it is important to 
study the “negative” pressure in connection with the 
possibility of creating a dielectric state with the shift of the 
impurity level with variable valence deep into the band gap. 
The impurities of this kind compensate electrically active 
nonstoichiometric defects and impurity state variables (of 
different sign).20  

An additional resource shows up when studying the elastic 
properties the elastic modulus and critical deformation of 
PbSe, alloyed with, e.g. chrome, by the method of internal 
friction. It turned out that the elastic modulus of PbSe 
increased 3-times, the critical deformation – 2-times, and the 
elastic limit – 6-times.21 This allows realizing higher 
“negative” pressure at the same layer thickness, and hence 
implementing more deepening of impurity levels into the 
band gap with stabilization of the Fermi level and more 
significant compensation off the concentration of current 
carriers.22 

Besides the double role of dislocations in the formation of 
strained lead selenide layers and the determination of the 
impact of the growth rate on the character of layer growth 
over a definite range of thickness, an important step is the 
detection of tetragonal texture in the layers. 

In particular, when examining the X-ray diffraction 
patterns of θ–2θ scanning, it was revealed that, with the 
thickness of layers from 100 to 300 nm and reflection from 
planes (200), (400), and (600), there was detected a single 
band with decreasing intensity as the index h increased. With 
the thickness of layers less than 100nm, there appears an 
additional peak, and splitting of X-ray diffraction lines is 
observed.4,23 

 

 

 

 

 

 

Figure 5. X-ray diffraction patterns of θ–2θ scanning of two PbSe 
layers with thickness more (SL–577) and less (SL–562) than 100 nm. 

 

Figure 5 shows the X-ray diffraction patterns for layers SL–
578 and SL–562 with thicknesses of 181 and 52 nm, 
respectively. The appearance of texture in the latter case is 
connected with the formation of a new tetragonal phase with 
high deformations. The peak on the left in the angular 
position corresponds to a plane (002). With the increase in the 
level of deformation, the distance between the basic and the 
additional peaks increases. Such a peculiarity can be used as 
calibration for achieving the highest deformations, i.e., high 
"negative" pressure.  

In the scope of systematic studies of optical transmission 
spectra of the layers of different thickness, the methods of 
sequential determination of the spectral dependence of 
refractive indices, and reflection and absorption 
coefficients.3,24 
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Figure 6. Resulting absorption α – αfr.car. dependence on photon 
energy.  

By straightening of squared absorption coefficients, more 
exactly of the difference between the total absorption 
coefficient α and the absorption coefficient for free carriers 
αfr.car .(α–αfr.car.), the values of lead selenide band gap 
determined with varying thickness of layers from 4 μm to 
70nm varied from 0.286 to 0.465 eV.2,25 When the texture of 
the tetragonal phase appears in the X-ray spectrum, a new 
level emerges in the conduction band. Taking into account the 
effect of deformation on optical characteristics, in Figure 6 is 
shown the spectral dependence of α–αfr.car. at 300 K by the 
example of the lead selenide layer ~70 nm thick. At the 
concentration of current carriers in the layer of 4·1018 cm–3, 
additional absorption – a peak in the vicinity of 0.285 eV 
appears in the optical spectrum.26 

The increase in the tangential lattice constant and the band 
gap by 0.055 Å and 0.170 eV, respectively, is an important 
illustration of the achievement of high deformations, i.e., 
supercriticity and high “negative” pressure in the layers up to 
~10 kbar (with the elastic modulus of 5·1011 dyn cm-2). 

Conclusion 

Continuous single-crystal strained lead selenide layers 20–
500 nm thick with deformation of 0.001-0.02 were grown on 
the КCl, BaF2, and NaCl substrates in the "hot-wall" beam 
epitaxy. The detected two-stage growth of layers and non-
monotonous dependence of the tangential lattice constant on 
the growth rate allowed us to optimize the conditions of 
formation of "negative" pressure in the layers and to observe 
a significant shift of the absorption spectra in the strained 
layers. Due to high deformations, the new texture of the 
tetragonal phase appears in the strained layers, which is 
accompanied by the emergence of a new level in the 
conduction band. The detection of additional absorption in 
the optical spectrum is connected with this level. By alloying 
with variable-valence impurities, e.g., chrome, and with the 
increasing elastic limit, the conditions for more significant 
shifting of the chrome level to the band gap and more 
effective compensation of the concentration of current 
carriers are formed. Innovative effects of the optical spectrum 
shift, compensation of the concentration of current carriers 
and detection of additional absorption will serve as a basis for 
designing high-temperature lasers, photodetectors and 
modulators of IR radiation based on the studied 
semiconductors. 
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SYNTHESIS OF 2-((5-BENZYLIDENE-4-OXO-4,5-

DIHYDROTHIAZOL-2-YL)-SUBSTITUTED AMINO ACIDS AS 

ANTICANCER AND ANTIMICROBIAL AGENTS 
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Keywords:2-thioxothiazolidin-4-one; Knoevenagel condensation; anticancer activity; antimicrobial activity. 

A series of Rhodanine derivatives were synthesized by Knoevenagel condensation. All the synthesized compounds were tested for their in 

vitro anticancer activity against MCF-7 and BT-474 human breast cancer cell lines. All the synthesized compounds were characterized and 

screened for their antimicrobial activity against the bacterial and fungal strain. Majority of the compounds showed good to moderate 

anticancer and antimicrobial activity. Among these compounds, one showed promising activity against gram-positive bacteria B. subtilis 

and S. aureus when compared with ampicillin. Some of the most potent compounds possessed selective antimicrobial activity. 
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INTRODUCTION 

The dealing of microbial infections remains a very 
challenging salutary problem because of emerging 
infectious diseases and the increasing number of multidrug-
resistant microbial pathogens. Even though the many 
antibiotics, drugs and chemotherapeutic available, the 
emergence of old and newer antibiotic-resistant bacterial 
strains in the last two decades created an urgent need for the 
discovery and development of new antimicrobials with a 
broader spectrum of activity and lower toxicity.1-3 

The 2-thioxothiazolidin-4-one (Rhodanine) based 
molecules exhibit biological activities, such as antidiabetic,4 
anticancer,5 antitubercular,6,7 anti-HIV,8-10 antiparasitic,11 
anticonvulsant,12 and antiproliferative.13,14 Thiazole also has 
anti-inflammatory,15 anticancer,16 anti-fungal17 and anti-
microbial18activity. The Rhodanine derivatives have been 
known for over five decades, and there are various reports 
available on Rhodanine derivatives as antimicrobial 
agents.19-24 These reports suggested that Rhodanine nuclei 
were essential to the observed levels of antimicrobial 
activity.25-28 

We make a plan to synthesized Rhodanine derivatives as 
an antimicrobial agent by preparing hybrid molecules 
having similar features of reported potent antimicrobial 
agents (Figure 1).   

 

 

 

 

 

 

 

 

Figure 1. Previously reported antibacterial agents and synthesized 
compounds. 

 

Because of the facts mentioned above, Rhodanine 
derivatives were synthesized, characterized by different 
spectral analysis techniques and screened for their 
antimicrobial activity. All the synthesized compounds were 
also screened for their anticancer activity against cell line 
MCF-7. The results suggest that the compounds could be 
exploited as an antimicrobial agent. In continuation of our 
work,29-42 on the synthesis of heterocyclic and bioactive 
compounds, we have synthesized some Rhodanine analogs.   

MATERIALS AND METHODS 

Rhodanine, benzaldehyde and various solvents were 
commercially available. The major chemicals were 
purchased from Sigma Aldrich and Avra labs. Reaction 
courses were monitored by TLC on silica gel precoated 
F254 Merck plates. Developed plates were examined with 
UV lamps (254 nm). IR spectra were recorded on an FT-IR 
(Bruker). Melting points were recorded on SRS Optimelt, 
melting point apparatus and are uncorrected. The 13C NMR 
spectra were recorded on a 400 MHz Varian NMR 
spectrometer. The 1H NMR spectra were recorded on a 400 
MHz Varian NMR spectrometer. The chemical shifts are 
reported as δ (ppm) units (tetramethylsilane). The following 
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abbreviations are used; singlet (s), doublet (d), triplet (t), 
quartet (q), multiplet (m) and broad (br). Mass spectra were 
taken with Micromass-QUATTRO-II of WATER mass 
spectrometer.  

Procedure for the synthesis of (Z)-5-benzylidene-2-

thioxothiazolidin-4-one (3) 

A mixture of benzaldehyde 1 (1 mmol), 2-
thioxothiazolidin-4-one 2 (1 mmol), anhydrous sodium 
acetate (1 mmol) and glacial acetic acid (1 ml) was refluxed 
for 5 h. The progress of the reaction was monitored by TLC 
(20% ethyl acetate: n-hexane). After completion of the 
reaction, the reaction mixture was poured into the ice-cold 
water. The precipitate was filtered off and washed with 
water (3×10 ml), dried, and purified by recrystallization in 
ethanol as a solvent to give 82 % yield. 

Orange solid, Yield: 82%. mp 204–206 ºC; ES-MS m/z: 
221.05. IR νmax/cm–1: 1670 (C=O), 1600 (C=C), 1585 (C=N), 
1230 (C=S), 1192(C–N).  1H NMR: δ (ppm) = 7.40–7.55 (m, 
5H, Ar–CH), 7.70 (s, 1H, =CH), 13.90 (s, 1H, NH). 13C 
NMR: δ(ppm) = 125.5, 128.5, 130.7, 130.9, 131.4, 133.5, 
169.4, 194.7.  

Procedure for the synthesis of (Z)-5-benzylidene-2-

(methylthio)thiazol-4(5H)-one (4) 

In a 50 ml round bottom flask, the compound (Z)-5-
benzylidene-2-thioxothiazolidin-4-one (3) (1 mmol), 
triethylamine (1.2 mmol), iodomethane (1.2 mmol), and 
dichloromethane (10 ml) were stirred at room temperature 
for 2 h. The progress of the reaction was monitored by TLC 
(10% methanol: chloroform). After completion of the 
reaction, the reaction mixture was concentrated in-vacuo. 
The residue was washed with water (3×15 mL) to afford the 
crude product and it was recrystallized from ethanol. Orange 
solid, Yield: 85%. M.p 145–147 ºC; ES-MS m/z: 235.00. IR 
νmax/cm–1: 3026 (CH–Ar), 1694 (C=O), 1590 (C=C), 1462 
(C=N),1151 (C-S), 979 (C–N).  1H NMR: δ (ppm)= 2.85 (s, 
3H, S-CH3), 7.40–7.72 (m, 5H, Ar–CH), 7.90 (s, 1H, =CH). 
13C NMR: δ (ppm) = 14.4, 126.5, 128.6, 131.4, 132.9, 133.5, 
135.7, 152.3, 162.7, 169.2. 

General procedure for the synthesis of (Z)-2-((5-benzylidene-4-

oxo-4,5-dihydrothiazol-2-yl)amino) acid (6a-l) 

In a 50 ml round bottom flask, the compound (4) (1 
mmol), amino acids (5a-l) (1.2 mmol), potassium carbonate 
(1 mmol) and ethanol (5 ml) were mixed and stirred for 20-
60 min at room temperature. The progress of the reaction 
was monitored by TLC (10% methanol:chloroform). After 
completion of the reaction, the reaction mixture was 
concentrated in-vacuo. The residue was washed with water 
(3×15 mL) to afford the crude product. The (Z)-2-((5-
benzylidene-4-oxo-4,5-dihydrothiazol-2-yl) substituted 
amino acids (6a-l) were recrystallized from ethanol and 
isolated as yellowish solids. 

 

(Z)-2-((5-Benzylidene-4-oxo-4,5-dihydrothiazol-2-

yl)amino)propanoic acid (6a). 

Yellow solid, Yield: 92%, M.p 221–223 ºC; ES-MS m/z: 
277.00. IR νmax /cm–1: 3384 (OH), 3210 (NH), 3026 (CH–
Ar), 1737 (HO–C=O), 1599 (C=O), 1553 (C=C), 1599 
(C=N), 1006 (C-S), 1091 (C–N).  1H NMR: δ(ppm)= 1.40–
1.50 (d, 3H, C–CH3), 4.60–4.70 (q, 1H, CH), 7.40–7.60 (m, 
5H, Ar–CH), 7.70 (s, 1H, =CH), 9.15 (s, 1H, NH), 10.20 (s, 
1H, COOH). 13C NMR: δ(ppm) = 16.7, 53.4, 127.5, 128.7, 
132.7, 135.7, 152.3, 158.6, 167.7, 179.2. 

(Z)-2-((5-Benzylidene-4-oxo-4,5-dihydrothiazol-2-yl)amino)-3-

methylbutanoic acid (6b). 

Yellow solid, Yield: 90%, M.p 178–180 ºC; ES-MS m/z: 
304.50. IR νmax /cm–1: 3744 (OH), 3011 (NH), 1737 (HO–
C=O), 1689 (C=O), 1553 (C=C), 1509 (C=N), 1232 (C-S), 
1010 (C–N).  1H NMR: δ(ppm)= 0.90–0.92 (d, 6H, CH–
(CH3)2), 1.52–1.54 (m, 1H, CH), 4.44–4.46 (d, 1H, CH), 
7.26–7.68 (m, 5H, Ar–CH), 7.76 (s, 1H, =CH), 9.18 (s, 1H, 
NH), 10.26 (s, 1H, COOH). 13C NMR: δ(ppm) = 18.7, 30.4, 
61.4, 127.9, 128.6, 128.9, 132.3, 135.9, 152.9, 158.1, 167.3, 
178.2.  

(Z)-2-((5-Benzylidene-4-oxo-4,5-dihydrothiazol-2-yl)amino)-3-

methylpentanoic acid (6c). 

Yellow solid, Yield: 94%, M.p 110–112 ºC; ES-MS m/z: 
319. IR νmax/cm–1: 3365 (OH), 3211 (NH), 3007 (CH–Ar), 
1732 (HO–C=O), 1693 (C=O), 1556 (C=C), 1583 (C=N), 
1014 (C-S), 1096 (C–N).  1H NMR: δ(ppm)= 0.99–1.01 (t, 
3H, CH2–CH3), 1.19–1.22 (d, 3H, CH3) 1.52–1.60 (m, 2H, 
CH2), 1.81–1.92 (m, 1H, CH), 4.43–4.45 (d, 1H, CH), 7.21–
7.62 (m, 5H, Ar–CH), 7.78 (s, 1H, =CH), 9.12 (s, 1H, NH), 
11.01 (s, 1H, COOH). 13C NMR: δ(ppm) = 18.7, 30.4, 61.4, 
127.9, 128.6, 128.9, 132.3, 135.9, 152.9, 158.1, 167.3, 178.2.  

(Z)-2-((5-Benzylidene-4-oxo-4,5-dihydrothiazol-2-yl)amino)-3-

phenylpropanoic acid (6d). 

Yellow solid, Yield: 92%, M.p 187–189 ºC; ES-MS m/z: 
353. IR νmax /cm–1: 3395 (OH), 3213 (NH), 2990 (CH–Ar), 
1737 (HO–C=O), 1691 (C=O), 1551 (C=C), 1581 (C=N), 
1017 (C-S), 1098 (C–N). 1H NMR: δ(ppm)= 2.51–2.53 (d, 
2H, CH2), 4.43–4.78 (q, 1H, CH), 7.21–7.72 (m, 10H, Ar–
CH), 7.79 (s, 1H, =CH), 9.14 (s, 1H, NH), 11.02 (s, 1H, 
COOH). 13C NMR: δ(ppm) = 36.4, 58.4, 125.9, 127.7, 128.6, 
128.9, 135.3, 136.9, 152.2, 158.5, 167.1, 175.2. 

(Z)-2-((5-Benzylidene-4-oxo-4,5-dihydrothiazol-2-yl)amino)-4-

(methylthio)butanoic acid (6e). 

Yellow solid, Yield: 90%, M. p 122–124 ºC; ES-MS m/z: 
337. IR νmax /cm–1: 3398 (OH), 3200 (NH), 2980 (CH–Ar), 
1733 (HO–C=O), 1695 (C=O), 1541 (C=C), 1586 (C=N), 
1011 (C-S), 1092 (C–N).   
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1H NMR: δ(ppm)= 2.01–2.20 (q, 2H, CH2), 2.20 (s, 3H, 
CH3), 2.61–2.63 (t, 2H, CH2), 4.43–4.78 (q, 1H, CH), 7.31–
7.60 (m, 5H, Ar–CH), 7.78 (s, 1H, =CH), 9.16 (s, 1H, NH), 
11.22 (s, 1H, COOH). 13C NMR: δ(ppm)=15.4, 29.8, 30.4, 
56.4, 127.7, 128.6, 128.9, 132.3, 136.9, 152.2, 158.5, 167.5, 
174.9.  

(Z)-2-((5-Benzylidene-4-oxo-4,5-dihydrothiazol-2-yl)amino)-4-

methylpentanoic acid (6f) 

Yellow solid, Yield: 96%, M.p 209–211 ºC; ES-MS m/z: 
319. IR νmax /cm–1: 3397 (OH), 3212 (NH), 3013 (CH–Ar), 
1734 (HO–C=O), 1691 (C=O), 1555 (C=C), 1583 (C=N), 
1013 (C-S), 1091 (C–N).  1H NMR: δ(ppm)= 0.92–0.94 (d, 
6H, CH–(CH3)2), 1.41–1.43 (m, 1H, CH), 1.71–1.73(t, 2H, 
CH2), 4.44–4.46 (q, 1H, CH), 7.29–7.69 (m, 5H, Ar–CH), 
7.76 (s, 1H, =CH), 9.14 (s, 1H, NH), 10.84 (s, 1H, COOH). 
13C NMR: δ(ppm) = 22.7, 24.4, 40.4, 55.2, 127.8, 128.9, 
129.2, 132.1, 135.4, 152.2, 159.1, 167.1, 174.2.  

(Z)-2-((5-Benzylidene-4-oxo-4,5-dihydrothiazol-2-yl)amino)-3-

hydroxypropanoic acid (6g) 

Yellow solid, Yield: 95%, M.p 195–197 ºC; ES-MS m/z: 
293. IR νmax /cm–1: 3450 (OH), 3214 (NH), 3007 (CH–Ar), 
1738 (HO–C=O), 1688 (C=O), 1553 (C=C), 1511 (C=N), 
1019 (C-S), 1097 (C–N).  1H NMR: δ(ppm)= 3.60 (s, 1H, 
CH), 4.01–4.03 (q, 1H, CH), 4.23–4.25 (d, 2H, CH2),7.31–
7.60 (m, 5H, Ar–CH), 7.78 (s, 1H, =CH), 9.12 (s, 1H, NH), 
10.86 (s, 1H, COOH). 13C NMR: δ(ppm) = 59.2, 62.3, 127.1, 
128.5, 129.2, 132.9, 135.1, 151.9, 158.1, 167.9, 173.2.  

(Z)-2-((5-Benzylidene-4-oxo-4,5-dihydrothiazol-2-yl)amino)-3-

mercaptopropanoic acid (6h) 

Yellow solid, Yield: 92%, M.p 189–191 ºC; ES-MS m/z: 
309. IR νmax /cm–1: 3455 (OH), 3201 (NH), 3017 (CH–Ar), 
2500 (SH), 1739 (HO–C=O), 1698 (C=O), 1559 (C=C), 
1501 (C=N), 1011 (C-S), 1099 (C–N).  1H NMR: δppm= 
1.50 (s, 1H, CH), 3.11–3.29 (d, 2H, CH2), 4.13–4.38 (t, 1H, 
CH), 7.22–7.59 (m, 5H, Ar–CH), 7.68 (s, 1H, =CH), 9.18 (s, 
1H, NH), 11.84 (s, 1H, COOH). 13C NMR: δppm = 26.9, 
60.3, 127.5, 128.8, 129.1, 132.5, 135.6, 152.9, 158.3, 167.2, 
178.2. 

(Z)-2-((5-Benzylidene-4-oxo-4,5-dihydrothiazol-2-yl)-

amino)succinic acid (6i) 

Yellow solid, Yield: 90%, M.p 169–171 ºC; ES-MS m/z: 
321. IR νmax /cm–1: 3465 (OH), 3213 (NH), 3020 (CH–Ar), 
1735 (HO–C=O), 1689 (C=O), 1549 (C=C), 1503 (C=N), 
1030 (C-S), 1089 (C–N).  1H NMR:δ(ppm)= 2.61–2.63 (d, 
2H, CH2), 3.71–3.73 (t, 1H, CH), 7.33–7.69 (m, 5H, Ar–
CH), 7.78 (s, 1H, =CH), 9.30 (s, 1H, NH), 11.74 (s, 2H, 
COOH). 13C NMR: δ(ppm) = 26.9, 60.3, 127.5, 128.8, 129.1, 
132.5, 135.6, 152.9, 158.3, 167.2, 178.2.  

(Z)-2-((5-Benzylidene-4-oxo-4,5-dihydrothiazol-2-yl)amino)-3-

(1H-imidazol-4-yl) propanoic acid (6j) 

Yellow solid, Yield: 94%, M. p 162–164 ºC; ES-MS m/z: 
343. IR νmax /cm–1: 3435 (OH), 3215 (NH), 3021 (CH–Ar), 

1736 (HO–C=O), 1681 (C=O), 1552 (C=C), 1508 (C=N), 
1032 (C-S), 1091 (C–N).  1H NMR: δ(ppm)= 2.91–2.93 (d, 
2H, CH2), 3.72–3.74 (t, 1H, CH), 7.30–7.60 (m, 5H, Ar–
CH), 7.64 (s, 1H, =CH), 7.78 (s, 1H, =CH), 8.74 (s, 1H, 
=CH), 9.30 (s, 1H, NH), 11.74 (s, 1H, COOH), 13.00 (s, 1H, 
NH). 13C NMR: δ(ppm) = 28.9, 58.3, 117.9,124.7,  127.9, 
128.6, 129.2, 132.1, 135.2, 136.7, 152.3, 158.2, 167.5, 176.2.  

(Z)-2-((5-benzylidene-4-oxo-4,5-dihydrothiazol-2-
yl)amino)-3-(4-hydroxyphenyl) propanoic acid (6k). 

Yellow solid, Yield: 93%, mp 192–194 ºC; ES-MS m/z: 
369. IR νmax /cm–1: 3465 (O=C-OH), 3395 (OH), 3218 
(NH), 2994 (CH–Ar), 1739 (HO–C=O), 1699 (C=O), 1553 
(C=C), 1591 (C=N), 1011 (C-S), 1089 (C–N).  1H NMR: 
δppm= 2.81–2.99 (d, 2H, CH2), 4.43–4.45(t, 1H, CH), 5.31 
(s, 1H, OH),7.30–7.60 (m, 5H, Ar–CH),  7.31–7.72 (m, 4H, 
Ar–CH), 7.72 (s, 1H, =CH), 9.32 (s, 1H, NH), 11.16 (s, 1H, 
COOH).  13C NMR: δppm = 36.4, 58.6, 115.9, 127.7, 128.6, 
128.9, 129.2, 130.2, 135.3, 136.9, 152.2, 155.7, 158.5, 167.7, 
174.2.  

(Z)-2-((5-Benzylidene-4-oxo-4,5-dihydrothiazol-2-yl)-amino)-3-

hydroxybutanoic acid (6l). 

Yellow solid, Yield: 94%, mp 209–211 ºC; ES-MS m/z: 
307. IR νmax /cm–1: 3464 (OH), 3202 (NH), 3013 (CH–Ar), 
1736 (HO–C=O), 1681 (C=O), 1555 (C=C), 1597 (C=N), 
1046 (C-S), 1112 (C–N).  1H NMR: δ(ppm)= 1.15–1.17 (d, 
3H, CH3), 3.52–3.54 (d, 1H, CH), 3.64 (s, 1H, OH), 3.93–
4.18 (m, 1H, CH), 7.26–7.68 (m, 5H, Ar–CH), 7.74 (s, 1H, 
=CH), 9.68 (s, 1H, NH), 11.24 (s, 1H, COOH). 13C NMR: 
δ(ppm) = 19.7, 64.4, 66.6, 127.8, 128.7, 128.9, 132.4, 135.1, 
152.9, 158.2, 167.8, 175.2.  

Antimicrobial activity 

The antibacterial activity was evaluated against two 
Gram-positive bacteria namely, Bacillus subtilis (NCIM-
2063)andStaphylococcus aureus (NCIM-2901), and one 
Gram-negative bacterium Escherichia coli (NCIM-2256). 
The antibacterial activity of compounds was monitored by 
observing their Minimum Inhibitory Concentration (MIC, 
μgmL-1) as previously mentionedby the broth dilution 
method using Ciprofloxacin and Ampicillin as standard 
drugs. The antifungal activity was evaluated against three 
fungal strains; Candida albicans (NCIM-3471), Aspergillus 
flavus (NCIM-539)and Aspergillus niger (NCIM-
1196)using Fluconazole and Miconazole as standard drugs. 
Minimum inhibitory concentration (MIC, μgmL-1) values 
for antifungal were determined using standard agar dilution 
method.43 Methanol was used as solvent control for both 
antibacterial and antifungal testing. The MIC values of the 
tested compounds are presented in Table 3. 

Anticancer activity 

All the synthesized compounds were also tested for their 
anticancer activity on mammalian cell lines MCF-7 and BT-
474 human breast cancer cell line. This test is performed as 
previously mentioned MTT colorimetric assay.44 The 
anticancer activity of the compounds was determined by 
calculating their IC50 values, the concentration of compound 
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required to inhibit 50% of cell growth compared to untreated 
control cells. The IC50 values were presented in micromol 
per milliliter (μM). The Adriamycin was used as a positive 
control for the comparison of the anticancer activity of 
synthesized compounds. 

RESULTS AND DISCUSSION  

The synthetic protocols employed for the synthesis of 
Rhodanine derivatives 3, 4, and 6a-l is presented in Scheme 
1. The compound (3) was prepared via a Knoevenagel 
condensation between and benzaldehyde (1) andRhodanine 
(2). The compound (4) (Scheme 1) was obtained via 
reaction of the compound (3) with iodomethane in 
dichloromethane using triethylamine as a catalyst.  

 

 

 

 

 

 

 

Scheme 1. Synthesis of (Z)-5-benzylidene-2-(methylthio)thiazol-
4(5H)-one (4) 

We synthesized and screening of model reaction (Z)-2-((5-
benzylidene-4-oxo-4,5-dihydrothiazol-2-yl)amino)propanoic 
acid (6a) (Scheme 2, Table 1). The reaction in which the 
compound 4 (1 mmol) and compound5a (1.2 mmol), 
catalyzed by various bases and various solvents were 
selected as a model reaction to optimize the reaction 
conditions. In terms of the effect of solvents and bases on 
the condensation reaction, potassium carbonate was found to 
be the better base and ethanol was found to be the best 
solvent for the reaction (Table 1, entry 11); other solvents, 
including methanol, acetic acid, N,N-dimethylformamide 
(DMF) and toluene were less efficient (Table 1, entries 2–5, 
7–10 and 12–15). 

 

 

 

 

 

 

Scheme 2 Screening of model reaction (Z)-2-((5-benzylidene-4-
oxo-4,5-dihydrothiazol-2-yl)amino)propanoic acid (6a)aaReaction 
condition (6a). Compound (4)(1 mmol), Compound (5a)(1.2 
mmol), base (1 mmol), solvent 1mL, stirring at rt for 20-80 min. 

Table 1. Screening of catalyst, solvents, reaction time, and yield 
for the synthesis 6aa. 

No. Base Solvent Time, 

min 

Yield,b 

% 

1 Et3N Ethanol 50 82 

2 Et3N Methanol 60 65 

3 Et3N Acetic acid 65 60 

4 Et3N DMF 70 60 

5 Et3N Toluene 80 50 

6 NaOAc Ethanol 50 80 

7 NaOAc Methanol 55 50 

8 NaOAc Acetic acid 65 55 

9 NaOAc DMF 70 45 

10 NaOAc Toluene 90 55 

11 K2CO3 Ethanol 20 98 

12 K2CO3 Methanol 50 70 

13 K2CO3 Acetic acid 55 65 

14 K2CO3 DMF 70 60 

15 K2CO3 Toluene 80 60 
aAll the reaction was carried out in equimolar amounts of each 
compound in 1 mL of solvent.bIsolated yield. 

Nevertheless, all of these yields were best. Ethanol gave 
the corresponding product in  80–98% yield, which was the 
best among these solvents (Table 1, entries 1, 6 and 11). To 
increase the efficiency of the condensation reaction, the 
effects of different bases were investigated (Table 1, entries 
1–15). Potassium carbonate exhibited the best performance 
with used solvents and gave a better yield, (Table 1, entries 
11–15). Sodium acetate and triethylamine gave lower yields 
with other solvents but gave a better yield in combination 
with ethanol as a solvent (Table 1, entries 1 and 6). All the 
reactions were carried out in equimolar amounts of each 
compound in 1 mL of solvent. Among these reactions, same 
amounts of the solvent, namely 1 ml of ethanol turned out to 
be the best choice with yields of 82, 80 and 98% (Table 1, 
entries 1, 6 and 11). We would like to mention here that 
ethanol as a solvent with K2CO3 as base was the best choice 
with a yield of 98% and less time required for the 
completion of the reaction (Table 1, entry 11). Thus we 
decided to carry out the further reactions in ethanol with 
potassium carbonate. As a result, the reaction time was 
shortened; thermal decomposition was also minimized, at 
room temperature stirring, resulting in higher isolated yields. 

Thus we decided the further series, substituted acid 
derivatives 6a-l(Scheme 3, Table 2) were synthesized 
reacting from 5-benzylidene-2-(methylthio)thiazol-4(5H)-
one (4) with various amino acids (5a-l) in ethanol by using 
K2CO3 as a catalyst. In this reaction, there was displacement 
of a methyl sulfinyl group by amino acids from the C2 
position of the thiazolone ring.  

The physical data of the synthesized compounds are 
presented in Table 2. All the reactions proceeded well in 20-
60 min to give products in very good yields (82–98%). 

The purity of the synthesized compounds was checked by 
TLC on silica gel precoated F254 Merck plates and melting 
points were recorded on SRS Optimelt, melting point 
apparatus and are uncorrected. The structure of the 
synthesized compounds was confirmed by IR, 1H NMR, 13C 
NMR and mass spectral analysis.  
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Scheme 3 Synthesis of Z)-2-((5-benzylidene-4-oxo-4,5-
dihydrothiazol-2-yl)amino)substituted acid    (6a-l).  

Antimicrobial activity 

From the antibacterial activity data (Table 3), the 
synthesized compounds of present series showed moderate 
to good antibacterial activity. Amongst the synthesized 
series, the compounds 6g (MIC= 15 μgmL-1 and 12.5 μg 
mL-1), 6h (MIC= 10 μg mL-1and 15 μg mL-1)and 6j (MIC= 
6μg mL-1and 5.5 μg mL-1)werefound to be most active 
molecules and they are found to specific towards the Gram-
positive bacteria, S. aureus and B. subtilis. The compound 6j 
(MIC= 6.0 and 5.5 μg mL-1against B. subtilis and S. aureus, 
respectively) was more active than both standards; 
Ciprofloxacin (MIC= 6.25 μg mL-1) and Ampicillin (MIC= 
12.5 μg mL-1). The compounds 6g (MIC=15 and 12.5 μg 
mL-1against B. subtilis and S. aureus, respectively) and 6h 
(MIC= 10 and 15 μg mL-1against B. subtilis and S. aureus, 
respectively) showed lower activity thanCiprofloxacin and 
comparative level of activity as Ampicillin. On the other 
hand, compound 6f (MIC= 15μg mL-1)was found to be 
narrow spectrum molecule showing activity only against the 
bacterium S. aureus. Out of these, the remaining compounds 
of the series 3, 4, 6a, 6i, 6k,and 6l  had very high MIC 

values and therefore they are inactive as antibacterial agents. 
It interesting to find out that bacterium E. coli is resistance 
to all compounds, suggest that molecules of the series may 
be inactive against Gram-negative bacteria. 

The results of in vitro antifungal activities showed that 
synthesized compounds have moderate activity. Most of the 
synthesized compounds were inactive against fungal strains. 
Compound 6d (MIC= 20 μg mL-1) had shown significant 
activity against C. albicans when compared with 
Miconazole (MIC= 10 μg mL-1). The compounds 4 (MIC= 
30 μg mL-1) and 6e (MIC= 30 μg mL-1) showed moderate 
activity against A. niger when compared with Miconazole 
(MIC= 6.25 μg mL-1). The compounds 6b and 6c (MIC= 25 
and 20 μg mL-1against A. flavus and A. niger, respectively) 
were most active from the synthesized series. None of 
thesynthesized compounds showed comparable activity with 
that of Fluconazole (MIC= 3.25 μg mL-1). 

Anticancer activity 

The newly synthesized 14 compounds were screened for 
their in vitro growth inhibitory activities against two human 
barest cancer cells line MCF-7 and BT-474, 100 µM 
(micromol mL-1) by MTT assays method, (Table 4). The 
results are shown as percentage anticancer activity after 24 h.   

The compounds found active in preliminary screening 
were further studied for their cytotoxic effect on human 
barest cancer cell line MCF-7 and BT-474 cell lines and the 
results are expressed as IC50. Among these 14 newly 
synthesized thiazole derivatives screened for their cytotoxic 
effect on MCF-7 and BT-474 cells, five compounds showed 
percentage cell death greater against cell lines used. Among 
the most active three compounds, two compounds exhibited 
cell death greater than 50% against both cell lines. The 
synthesized compounds 6e, 6f, 6g, 6h, 6k and 6l showed 
maximum percentage cytotoxicity 100 µM.The anticancer 
studies of compound (6g) and (6l), against MFC-7 and BT-
474 cell lines exhibited IC50 values are 1.4, 0.7, 1.2, and 1.3 
µM,respectively. 

 

Table 2.Physical data for synthesized Rhodanine derivatives 3, 4 and 6a-l. 

No. R Formula (Mol. wt.) Time, min Yield, % M.P., ºC 

3 - C10H7NOS2 (221) 300 82 204–206 

4 - C11H9NOS2 (235) 120 85 145–147 

6a methyl C13H12N2O3S (276) 30  92 221-223 

6b isopropyl C15H16N2O3S (304) 30 90 178-180 

6c sec-butyl C16H18N2O3S (318) 35 94 110-112 

6d benzyl C19H16N2O3S (352) 30  92 187-189 

6e 2-(methylthio)ethyl C15H16N2O3S2 (336) 40  90 122-124 

6f isobutyl C16H18N2O3S (318) 50  96 209-211 

6g hydroxymethyl C13H12N2O4S (292) 55  95 195-197 

6h mercaptomethyl C13H12N2O3S2 (308) 50 92 189-191 

6i carboxymethyl C14H12N2O5S (320) 60  90 169-171 

6j imidazoylmethyl C16H14N4O3S (342) 32  94 162-164 

6k 4- hydroxybenzyl C19H16N2O4S (368) 40  93 192-194 

6l 1-hydroxyethyl C14H14N2O4S (306) 30  94 209-211 

The solvent of recrystallization was ethanol; Eluants used in TLC were chloroform: methanol (1:9) for all compounds. 
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Table 3. In vitro antimicrobial evaluation of synthesizedRhodanine derivatives 3, 4, and 6a-l. 

The data represents the mean values of three replicates; Standard errors were all within 10% of the mean; - denotes not tested. 

 

While the compounds 6e, 6g, 6h, 6k and 6l against BT-
474 cell lines exhibited IC50: 6.2, 0.7, 6.8, 12.1, and 1.3 µM 
mL-1,respectively. The IC50 of reference drug Adriamycin 
against MFC-7 and BT-474 cells was found to be 0.9 and 
0.5 µM mL-1,respectively. The anticancer activity of all 
newly synthesized thiazole derivatives mainly depends on 
the type of substitution on thiazole moiety. The substitution 
pattern of amino acids showed variation in anticancer 
activity.  

Table 4.In vitroanticancer activity of the studied compounds 
against the MCF-7 and BT-474cells, after 24 h 

 aGI50(Growth inhibition of 50): Concentration of drug that 
decreases the growth of the cells by 50compared to a non-treated 
control cell. bValues are the average of three readingscMCF-7: 
Human breast cancer cell lined BT-474: Human breast cancer cell 
lineeAdriamycin: Positive control compound 

The compounds with a substituted hydroxyl group 
attached to thiazole ring which contains amino acids showed 
the highest percentage of cell death. While the compounds 
having electron releasing alkyl chain, methyl-1H-imidazole 
ring group on thiazole rings resulted in the loss of activity. 

CONCLUSIONS  

We have reported at room temperature, less reaction time 
with good to excellent yields. All the synthesized 
compounds were also tested for their in vitro anticancer 
activity against MCF-7 and BT-474 human breast cancer 
cell lines. Among them most of the compounds show good 
to excellent anticancer activity, especially  6e, 6f, 6g, 6h, 6k 
and 6l are the most active compounds against tested cell line. 
The compound 6g activity value is very close to standard 
drug, which can be regarded as the promising drug 
candidate for development of anticancer drugs. The 
investigation has revealed that a number of Rhodanine 
derivatives have promising antimicrobial properties. 
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