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Caffeine, a purine alkaloid, was not detected in leaves of two Mascarocoffea species, Coffea millotii and Coffea perrieri. Trigonelline, a 

pyridine alkaloid, occurred in these species, but the levels (3−4 μmol g-1 fresh weight) were much lower than that of Robusta coffee (Coffea 

canephora) (36 μmol g-1 fresh weight). Feeding experiments with [8-14C]adenine indicated that purine alkaloid biosynthesis was terminated 

at 7-methylxanthine formation and as a consequence theobromine and caffeine were not produced in Coffea millotii and Coffea perrieri. 

The adenine salvage activity was lower, but its degradation activity was higher in leaves of these Mascarocoffea species than those in 

Coffea canephora. The metabolic fate of the purine nucleosides, [8-14C]inosine, [8-14C]guanosine and [8-14C]xanthosine was investigated in 

leaves of Coffea millotii. The biosynthesis of 7-methylxanthine, but not theobromine or caffeine, from these precursors was detected. Large 

amounts of these purine nucleosides were catabolized via allantoin. Limited amounts of [8-14C]inosine and [8-14C]guanosine were salvaged 

and utilized for RNA synthesis, however, no [8-14C]xanthosine salvage was observed. Little or no 14C-metabolites were observed when [8-
14C]theobromine and [8-14C]caffeine were applied to leaf disks of Coffea millotii. From the results obtained in this study, possible 

metabolic pathways of purines in Mascarocoffea species are discussed. 
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Introduction 

Coffee plants accumulate two types of alkaloids, caffeine 
and trigonelline which are derived from purine and pyridine 
nucleotides, respectively.1-4 Caffeine-free species in the 
genus Coffea have been screened by several investigators 
and reviewed by Hamon et al.5 Most wild coffee species 
belonging to the Mascarocoffea section grown in 
Madagascar and neighboring islands are caffeine free, 
although the occurrence of theobromine and caffeine has 
been reported in a few Mascarocoffea species.5-8  

In Arabica coffee (Coffea arabica) and Robusta coffee (C. 
canephora) plants which are used for coffee beverages, 
rapid biosynthesis of caffeine have been demonstrated in 
young leaf and fruit tissues, but the degradation of caffeine 
is very slow, as a result, caffeine is accumulated in mature 
leaves and seeds.9 The activity of biosynthesis and 
degradation of caffeine in leaves of low-caffeine-containing 
Coffea species, C. salvatrix, C. eugenioides, and C. 
bengalensis has been investigated by Ashihara and 
Crozier.10 The biosynthesis of caffeine is less pronounced in 
leaves of these Coffea species than in C. arabica. 
Degradation of caffeine was slow in both of high- and low 
caffeine coffee species, except in C. eugenioides which 
rapidly catabolises caffeine.10, 11 

In the present studies, we used two Mascarocoffea spices, 
C. millotii (Fig. 1) and C. perrieri and the level of caffeine 
and trigonelline and the activity of caffeine biosynthesis are 
compared with those in caffeine-accumulating C. canephora. 
As expected, caffeine was found only in C. canephora. In 
contrast, trigonelline occurred in all three Coffea samples 
examined. Since purine and purine alkaloid metabolism 
have not yet been investigated in Mascarocoffea species, we 
examined by the feeding experiments with 14C-labelled 
adenine, inosine, guanosine, xanthosine, theobromine and 
caffeine. Possible pathways of purine metabolism in 
Mascarocoffea species is discussed. 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. A tree (A) and fruits (B) of Coffea millotii.  
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Materials and methods 

Plant materials 

Leaves of Coffea millotii (A950), C. perrieri (A305) and 
C. canephora (K28) used in this study were obtained at the 
FOFIFA Experimental Stations, Kianjavato, Madagascar. 

Determination of purine alkaloids and trigonelline 

Endogenous levels of purine alkaloids and trigonelline 
were determined according to Zheng and Ashihara12. 
Samples were ground with 80% methanol in a mortar and 
pestle. After incubation at 60°C for 30 min, the 
homogenates were centrifuged and the supernatant was 
collected. After complete evaporation of the methanol, the 
extracts were dissolved in distilled water. The aliquots (10–
50 μL) of water-soluble fraction were used for determination 
by HPLC after centrifugation.   

HPLC was carried out with a Shimadzu CLASS-VP HPLC 
system, Type LC 10A (Shimadzu Corporation, Kyoto, 
Japan) on a ferrule-less column (250 mm x 4.6 mm i.d.) 
packed with a 5 μm ODS Hypersil support (Thermo 
Electron Corporation, Waltham, MA, USA), eluting a flow 
rate of 1mL min−1 with a 35 min, 0–70 % gradient of 
methanol in 50 mM sodium acetate, pH 5.0 (0–10 min: 0 % 
methanol; 10–20 min: 0–10 % linear gradient; 20–35 min: 
10–70 % linear gradient). The absorbance at 190–370 nm 
was monitored using a Shimadzu Diode Array Detector, 
type SPD-M10A. The purine alkaloid and trigonelline 
contents were estimated from the absorption of 270 nm of 
standards obtained from Sigma-Aldrich Co., St. Louis, MO, 
USA.  

14C-Feeding experiments 

All radiochemicals used were obtained from Moravek 
Biochemicals Inc, Brea, CA, USA. The labeled compounds 
were administered essentially as described in previous 
reports.11, 13, 14 In brief, leaves were sterilized with 1 % 
sodium hypochlorite solution and then washed with 
sterilized distilled water, and leaf disks (~4 mm x 4 mm) 
were prepared aseptically. Samples (~100 mg f.w.), and 2.0 
mL of 30 mM potassium phosphate buffer (pH 5.6) 
containing 10 mM sucrose and 1 % sodium ascorbate, were 
placed in the main compartment of a 30 mL Erlenmeyer 
flask fitted with a glass tube containing a piece of filter 
paper impregnated with 0.1 mL of 20 % KOH in the centre 
well. Each reaction was started by addition of 14C-labelled 
purine compounds. 

The flasks were incubated in an oscillating water bath at 
27°C. After incubation, the glass tube was removed from the 
center well and placed in a 50 mL Erlenmeyer flask 
containing 10 mL of distilled water. At the same time, the 
leaf disks were separated from the incubation medium by 
filtering through a tea strainer. The samples were washed 
with distilled water and then frozen with liquid N2 and 
stored at -80° C. The KH14CO3 that had been absorbed by 
the filter paper was allowed to diffuse overnight into the 
distilled water, and 0.5 mL aliquots of the resulting solution 
were used for the determination of radioactivity 
incorporated into CO2. 

Metabolites from 14C-labelled purine bases and 
nucleosides were extracted successively with 4 mL of cold 
6 % perchloric acid solution. Lipids in the insoluble 
materials were removed with a mixture of ethanol and 
diethyl ether (1:1, v/v) at 50°C for 15 min. The precipitate 
was washed with the same mixture, then with distilled water. 
RNA in the insoluble fraction was hydrolysed with 0.3 M 
KOH at 37°C for 18 h, and RNA hydrolysates was 
obtained.14 

The perchloric acid-soluble metabolites and the RNA 
hydrolysates were neutralized with KOH and radioactive 
metabolites were separated by TLC using cellulose plates 
and the solvent systems shown in a previous paper.14 
Radioactivity of liquid samples and on the TLC plates was 
determined using a multipurpose scintillation counter 
(Beckman, LS 6500) and a bio-imaging analyzer (Type 
FLA-2000, Fuji Photo Film Co. Ltd.), respectively. 

Results and discussion 

Endogenous levels of caffeine and trigonelline 

Table 1 shows the leaf sizes and fresh weights of two 
species of Mascarocoffea and Coffea canephora. We used 
well-developed young leaves in this study. Accumulation of 
caffeine was found only in C. canephora while caffeine 
could not be detected in C. millotii and C. perrieri.  In 
contrast, trigonelline was found in the leaves of all samples. 
The level of trigonelline in C. perrieri and C. millotii leaves 
were respectively 8- and 12-fold lower than the level in C. 
canephora leaves.   

Comparison of purine alkaloid biosynthesis 

Among exogenously administered purine precursors, it 
has been known that adenine is the most effective precursor 
for the biosynthesis of caffeine.15 Therefore, we first 
examined the metabolic fate of [8-14C]adenine in two 
Mascarocoffea species, C. millotii and C. perrieri and 
compared with the metabolism in C. canephora. As shown 
in Table 2, a limited amount of radioactivity from [8-
14C]adenine accumulated as methylxanthines (purine 
alkaloids). Although radioactivity was found in 7-
methylxanthine in all three species, incorporation into 
theobromine and caffeine was found only in C. canephora.  
In C. canephora, more radioactivity was found in 7-
methylxanthine and theobromine than in caffeine. This is 
probably due to the fact that the precursors could not be 
transformed into caffeine during the incubation period, 
although caffeine is the end-product.  

In C. arabica and C. canephora, three N-
methyltransferases for caffeine biosynthesis occur. The first 
enzyme, 7-methylxanthosine synthase (EC 2.1.1.158) 
catalyzes the conversion of xanthosine to 7-
methylxanthosine (step 11 in Fig. 2).16 The product, 7-
methlyxanthosine is hydrolysed to 7-methylxanthine (step 
12) by N-methynucleosidase (EC 3.2.2.25).17 Thus, all three 
species possess the machinery up to 7-methylxanthine.  
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Table 1. Leaf sizes (length and width) and purine alkaloid contents in three different Coffea species used in this research. nd, not detected. 

Species FOFIFA accession 

number 

Leaf size 

(l x w, mm) 

Leaf weight 

(f.w., g ) 

Caffeine 

(μmol g f.w.-1) 

Trigonelline 

(μmol g f.w.-1) 

C. millotii  A950 105 x 57 1.05 ± 0.07 nd 2.89 ± 0.03 

C. perrieri A305 127 x 33 0.68 ± 0.01 nd 4.37 ± 0.29 

C. canephora K28 229 x 98 2.52 ± 0.06 25.3 ± 0.79 36.0 ± 2.1 

 
 

Table 2. Comparison of adenine metabolism in leaf segments of 
Coffea millotii, C. perrieri, and C. canephora. 

[8-14C]Adenine (10 μM, specific activity 1.9 GBq mol-1) was 
administered for 18 h. The mean incorporation of radioactivity into 
individual metabolites is expressed as the percentage of total 
radioactivity taken up by the segments ± SD. Total uptake is 
expressed as kBq 100 mg f.w.-1,  nd, not detected 

 

However, it seems likely that Mascarocoffea species lack 
the enzyme(s) which catalyze the conversion of 7-
methylxanthine to caffeine (steps 13 and 14). In C. arabica 
and C. canephora, plural N-methyltransferases, namely dual 
functional caffeine synthase (EC 2.1.1.160) and 
theobromine synthase (EC 2.1.1.159) catalyze this step18, 19. 
In C. canephora, in addition to theobromine, very small 
amounts (<0.3 %) of radioactivity were detected in 
theophylline (Table 2). It might be produced by a minor 
pathway of purine alkaloid biosynthesis as has been 
observed in tea leaves.14 

Comparison of adenine salvage and degradation 

In addition to purine alkaloids, the radioactivity from [8-
14C]adenine was distributed in various metabolites (Table 2). 
Since only small amounts of [8-14C]adenine (2−8 % of total 
radioactivity) were detected in the leaf disks, exogenously 
supplied [8-14C]adenine was not retained as adenine, but 
rapidly metabolized to other compounds. Substantial 
amounts of radioactivity from [8-14C]adenine was 
incorporated into the salvage products, namely, nucleotides 
and RNA. However, compared with C. canephora (73 % of 
total radioactivity), the rate of adenine salvage (38−51 %) 
was low in Mascarocoffea species. 

As shown in other plants, adenine was converted to AMP 
by adenine phosphoribosyltransferase (EC 2.4.2.7, step 1 in 
Fig. 2) and then entered the adenine nucleotide pool 
comprising AMP, ADP and ATP. Some ATP was utilized 
for RNA synthesis.10 In addition to the methylxanthines 
shown above, radioactivity was also found in xanthosine, 
hypoxanthine and xanthine. In C. millotii and C. perrieri, 
significant amounts of radioactivity (25−37 %) were 
incorporated in the purine degradation products, ureides 
(allantoin and allantoic acid) and CO2.  

Unlike in bacteria and animals, no adenosine deaminase or 
adenine deaminase is present in plants,20, 21 deamination of 
adenine molecules is performed by AMP deaminase (step 
5).22, 23 The product, IMP, is converted to inosine and 
hypoxanthine (steps 8 and 9). Hypoxanthine is oxidized 
yielding xanthine (step 15) and then catabolised by the 
purine degradation pathway (steps 17−22). Compared to 
Mascarocoffea species, the catabolic activity of [8-
14C]adenine is much lower (7 % of total radioactivity) in C. 
canephora. 

Purine nucleoside metabolism in C. millotii 

Metabolic fate of [8-14C]inosine, [8-14C]guanosine and [8-
14C]xanthosine applied to the leaf disks of C. millotii is 
presented in Table 3. As the same as [8-14C]adenine, 
radioactivity from these precursors was incorporated into 7-
methylxanthine, but not into theobromine and caffeine. The 
radioactivity from [8-14C]inosine and [8-14C]guanosine 
(16 % and 23 % of total radioactivity, respectively) was 
incorporated into free nucleotides and RNA, but [8-
14C]xanthosine was not salvaged. Inosine and guanosine 
appear to be converted to IMP and GMP by inosine-
guanosine kinase (EC 2.7.1.73) and/or nucleoside 
phosphotransferase (EC 2.7.1.77) and converted to GTP 
(steps 25 and 6−7 or step 24) and then incorporated into 
RNA (step 2−4).  

Metabolites C. millotii C. perrieri C. canephora 

Nucleotides  23.8 ± 2.1 34.7 ± 0.73 12.1 ± 3.8 

RNA 14.6 ± 0.27 16.5 ± 1.6 61.0 ± 6.4 

    

Nucleosides 

and bases 

   

Adenine 1.52 ± 0.09 6.27 ± 1.28 8.46 ± 0.90 

Hypoxanthine 2.53 ± 0.24 nd nd 

Xanthosine 7.09 ± 0.93 7.95 ± 0.70 3.35 ± 1.99 

Xanthine 12.4± 0.20 5.68 ± 1.30 2.73 ± 1.68 

    

Purine 

alkaloids 

   

7-Methyl-

xanthine 

1.13 ± 0.61 4.18 ± 0.43 2.45 ± 0.22 

Theobromine nd nd 2.49 ± 1.53 

Theophylline nd nd 0.26 ± 0.01 

Caffeine nd nd 0.31 ± 0.03 

    

Degradation 

products 

   

Ureides 

(allantoin and 

allantoic acid) 

21.1 ± 0.67 20.8± 1.0 4.14 ± 2.11 

Carbon dioxide 15.9 ± 0.94 4.02 ± 0.93 2.72 ± 2.03 

    

Total uptake 39.4 ± 1.7 20.8 ± 0.58 8.95 ± 4.05 
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Figure 2. Possible metabolic routes of adenine, inosine, guanosine and xanthosine in Coffea canephora and Mascarocoffea species. → 
(red), salvage pathways; → (green), purine alkaloid biosynthesis; → (blue), degradation pathway.  

  
Substantial amounts of inosine (68%), guanosine (55%) 

and xanthosine (84%) were degraded to allantoin, allantoic 
acid and CO2. There are several possible routes of the 
formation of xanthine, a key starting metabolite for purine 
catabolism. From the results obtained from other plant 
sources,14, 24 the following routes are the most likely: inosine 
→ hypoxanthine → xanthine (steps 9 and 15); guanosine → 
xanthosine → xanthine (steps 25 and 16); xanthosine → 
xanthine (step 16). Although the metabolic profile of these 
purine nucleosides has not reported in Coffea plants, the 
results are essentially the same as the profile reported to 
operate in other plants.14, 24-26  

Purine alkaloid metabolism 

Metabolic fate of exogenously supplied [8-
14C]theobromine and [8-14C]caffeine in the disks of C. 
millotii is presented in Table 4. In contrast to purine bases 
and nucleosides, these methylxanthines were not actively 
metabolized; 93% of theobromine and 99% of caffeine were 
retained unmetabolized. In the case of [8-14C]theobromine, 
small amounts of radioactivity was detected in 3-

methylxanthine (3.5%), 7-methylxanthine (1.9%), xanthine 
(0.6%) and CO2 (1.4%). Thus, C. millotii leaves seem to 
have machinery, i.e., enzymes of theobromine catabolism, 
although its activity is low. Theobromine is a direct 
precursor of caffeine biosynthesis in C. arabica and C. 
canephora, but no conversion of theobromine to caffeine 
was detected in C. millotii.  

Comparison of purine metabolism in caffeine reduced Coffea 

plants 

Biosynthesis and degradation of caffeine occur in low 
caffeine Coffea plants including native and transgenic 
plants.9 In most cases, the activity of N-methyltransferase is 
reduced. There are at least two distinct N-methyltransferases, 
7-methylxanthosine synthase and dual functional caffeine 
synthase which catalyzes the last two steps, namely, 7-
methylxanthine → theobromine → caffeine (steps 13 and 14 
in Fig. 2).9 The reduction of activity of N-methyltransferase 
activity was suggested in all cases. In addition, a few species 
including C. eugenioides and C. dewevrei catabolize 
caffeine and this may also cause reduction of the caffeine 
level.10, 27-29  
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In the present study, we found that the purine alkaloid 
synthesis was stopped at 7-methylxanthine, thus dual 
functional caffeine synthase activity appeared to be missing 
in Mascarocoffea species.  

Table 3. Metabolism of inosine, guanosine and xanthosine in 
Coffea mellotii leaf segments. 

Metabolites [8-14C]-labelled 

Inosine Guanosine Xanthosine 

Nucleotides  7.16 ± 4.15 6.33 ± 1.05 nd 

RNA 9.15 ± 0.74 16.8 ± 0.29 nd 

    

Nucleosides and bases 

Inosine 4.17 ± 0.36 nd nd 

Hypoxanthine 2.45 ± 0.14 nd nd 

Guanosine and 

guanine 
nd 11.3± 0.63 nd 

Xanthosine 8.43 ± 0.92 9.16 ± 0.86 10.5 ± 0.93 

Xanthine nd nd 4.03 ± 0.20 

    

Purine alkaloids  

7-

Methylxanthine 
0.86 ± 0.07 0.67 ± 0.08 1.39 ± 0.71 

3-

Methylxanthine 
nd nd nd 

Theobromine nd nd nd 

Caffeine nd nd nd 

    

Degradation products 

Ureides 20.8 ± 1.3 15.9 ± 1.71 20.7 ± 2.3 

Carbon dioxide 46.9 ± 3.5 38.7 ± 0.68 63.4 ± 1.9 

Unidentified nd 1.03 ± 0.15 nd 

    

Total uptake 25.4 ± 0.5 24.6 ± 1.2 4.73 ± 0.10 

[8-14C]Inosine (10 μM, specific activity 1.9 GBq mmol-1), [8-
14C]guanosine  (10 μM, specific activity 1.9 GBq mmol-1) and [8-
14C]xanthosine (9 μM, specific activity 2.1 GBq mmol-1) were 
administered for 18 h. The mean incorporation of radioactivity into 
individual metabolites is expressed as the percentage of total 
radioactivity taken up by the segments ± SD. Total uptake is 
expressed as kBq 100 mg f.w.-1, nd, not detected. 

In contrast, Silvarolla et al.30 reported that theobromine 
was accumulated in a naturally decaffeinated C. arabica 
plant from Ethiopia designated “AC”. They found that the 
leaves accumulated radioactivity in theobromine when 
[14C]adenine was fed to the "AC" plants, with none being 
incorporated into caffeine. In contrast, no difference was 
found in degradation of [14C]caffeine between in the "AC" 
plants and caffeine accumulating normal C. arabica plants. 
These results indicate that the low caffeine content in the 
“AC” plants is due to the lack of the activity of N-
methyltransferase which catalyzes the last step in the 
caffeine biosynthesis pathway (step 14 in Fig. 2). Although 
no data was shown, they mentioned that no caffeine 
synthase activity was detected in the leaves, and concluded 
that the caffeine synthase gene had mutated in the AC plants. 
In this case, theobromine synthase which is distinct from a 
dual-functional caffeine synthase may be functional. 

The reduction of caffeine synthase has also been 
suggested in low-caffeine hybrid coffee by 14C-feeding 
experiments, the hybrid named GCAs which are new 
tetraploid interspecific hybrids developed in Madagascar 

from C. eugenioides, C. canephora and C. arabica. Selected 
GCA contained low caffeine (<0.4 % dry wt.) and no 
detectable theobromine in seeds. Low caffeine accumulation 
in GCA plants is due mainly to the low caffeine biosynthesis 
activity, possibly due to extremely weak N-
methyltransferase reactions. No significant catabolic activity 
of caffeine was found in the GCA, in common with C. 
arabica.  

Table 4. Metabolism of theobromine and caffeine in Coffea 
mellotii leaf segments. 

Metabolites [8-14C]Theobromine [8-14C]Caffeine 

Nucleotides nd nd 

RNA nd nd 

   

Nucleosides and bases 

Xanthine 0.60 ± 0.05 nd 

   

Purine alkaloids 

7-Methylxanthine 1.89 ± 0.28 nd 

3-Methylxanthine 3.54 ± 0.72 nd 

Theobromine 92.5 ± 1.4 nd 

Caffeine nd 98.6 ± 0.01 

   

Degradation products 

Ureides nd nd 

Carbon dioxide 1.38 ± 0.25 0.43 ± 0.12 

   

Total Uptake 13.2 ± 2.3 1.45 ± 0.21 

 

[8-14C]Theobromine (9 μM, specific activity 2.0 GBq mmol-1) and 
[8-14C] caffeine (10 μM, specific activity 2.0 GBq mmol-1) were 
administered for 18 h. The mean incorporation of radioactivity into 
individual metabolites is expressed as the percentage of total 
radioactivity taken up by the segments ± SD. Total uptake is 
expressed as kBq 100 mg f.w.-1, nd, not detected. 

 

Similar results were also demonstrated in anti-sense and 
RNA interference transgenic plants of C. canephora in 
which the expression of an N-methyltransferase gene was 
suppressed. Compared with wild-type control plants, total 
purine alkaloid biosynthesis from adenine and conversion of 
theobromine to caffeine were both reduced in the transgenic 
plants. In the transgenic plants, metabolism of [8-
14C]adenine shifted from purine alkaloid synthesis to purine 
catabolism or salvage for nucleotides.  

From these results, we can speculate that in most caffeine-
free Coffea plants including Mascarocoffea species, caffeine 
synthase-related genes are varied and, as a result, there is 
reduced the enzyme activity in planta. In these plants, the 
metabolic flow of purine metabolites to the purine alkaloids 
synthesis appeared to be shifted to the purine catabolism.  
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LIGHT OPTICAL STUDY OF HUMAN BREAST CANCER 

TISSUE EMBEDDED IN EPOXY RESINS 
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A new possibility is shown for the study of the microcirculatory bed of human breast cancer tissue embedded in Epoxy resins. Using 

current method  - staining the material by Azur II -  it becomes possible the obtaining 3D images of blood vessels of human breast cancer 

tissue which gives new opportunities for further study of this disease. 
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INTRODUCTION 

Breast cancer is an increasing public health problem and 
usual combinations of local and systemic therapies are not 
always curative.4 Blood vessels deliver oxygen and nutrients 
to every part of the body, but also nourish diseases such as 
cancer.5,15  

It is well known that the most solid tumors has limited 
oxygen supply caused by lack of blood vessels as well as 
their destruction.11 Extensive laboratory data suggest that 
angiogenesis plays an essential role in breast cancer 
development, invasion, and metastasis. Angiogenesis 
precedes transformation of mammary hyperplasia to 
malignancy.3,10 

In spite the fact that capillary net around the tumor formed 
by normal endothelial cells, it is quite different from 
capillaries which have normal morphology, density and 
penetration.21 The dense capillary net provides enough 
oxygen and necessary nutrients to developing tumor cells, as 
well as moves out the products of cells metabolism. The 
presence of capillary net leads to easier dissemination of 
metastatic tumor cells.23  

So, for increasing the thickness of malignant tumor cells, 
the high specialized capillary net is required.  

The formation of new blood vessels (angiogenesis) is 
essential for the growth of most tumors. One of the most 
well-studied angiogenesis factors is called vascular 
endothelial derived growth factor (VEGF). VEGF or other 
angiogenesis factors produced by tumor cells or nearby cells 
can cause the development of blood vessels that feed the 
growing tumor.1,11,18,20 Hyperplasic murine breast 
papillomas and histologically normal lobules adjacent to 
cancerous breast tissue2,5,6 support angiogenesis in 

preclinical models, suggesting that angiogenesis precedes 
transformation of mammary hyperplasia to malignancy. Our 
current knowledge of tumor angiogenesis is based mainly on 
experiments performed in tumor-transplanted mice, and it 
has become evident that these models are not representative 
of human cancer.14 

The aim of this study is to show the new possibilities for 
the study of the microcirculatory bed of human breast cancer 
tissue embedded in Epoxy resins.   

MATERIALS AND METHODS 

Reagents: Powdered paraformaldehyde; OsO4; sodium 
cacodylate trihydrate; 96 % ethyl alcohol, acetone, Epon 
812, Epon Hardener MNA, Epon Hardener DDSA, Epon 
accelerator DNP-30, Azur II, sodium borate. All reagent 
used were of analytical grade and purchased from Sigma 
Chemical Co. (USA).  

The bioptate of tissue used in the current study were taken 
during Core biopsy (5 patients), as well as at surgical 
procedures before chemotherapy (5 patients). 

All procedures involved human subject were approved by 
institutional review board/bioethical committee (Erevan 
State Medical University, RA) conformed to the Legal 
Aspects of Research Ethics and Science in European 
Community directive (2001/20/EC 

Small pieces of tissue have immediately put in a cold mix 
of paraformaldehyde in a sodium cacodylate buffer and 
glutaraldehyde for 12 hours at 4 °C with following post 
fixation in 1 % OsO4 solution for 2 h, then dehydration take 
place in ascending series of spirits; saturation in a mixture of 
acetone and Epoxy resins of different proportions to make 
gelatinous capsules were performed.  

Observation under a light microscope: semithin epoxy 
sections with up to 1 m thickness were made using 
ultracuts LKB (Swedish) and Reichert (Austria) stained with 
Azur II and studied under light microscope supplied with 40 
x10 ocular lens.  
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RESULTS  

The study of a 4-μm-thick section from each formalin-
fixed and the paraffin-embedded tumor is generally accepted. 
Although the thickness of semithin epoxy slices is about 0.5 
–1 m, while the paraffin-embedded ones thicknesses are  3-
4 m. It means, hat the morphological results of tissues in 
semithin slices could be more informative than the paraffin 
embedded ones. Although  the observation field of materials 
embedded in semithin epoxy slices under a light optical 
microscope is lesser than in case of the paraffin-embedded 
ones, however, the results are more informative.   

As it can be seen from the results of our study, using 
Azure II staining method it becomes possible to obtain 3D 
images of blood vessels of human breast cancer tissue 
embedded in epoxy resins. So, we can say that this method 
is quite effective for the study of semithin slices of material 
taken at core biopsy as well as during surgical procedures 
(Fig.1, 2, 3, 4, 5) as it gives more opportunities for the study 
of human breast cancer by obtaining very informative 
images of blood vessels for their further study and analysis. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Blood vessels of human breast cancer tissue taken during 
surgical procedures.  40 x10 ocular lens.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Blood vessels of human breast cancer tissue taken during 
surgical procedures. 40 x10 ocular lens.  

 

 

 

 

 

 

 

 

 

Figure 3. Blood vessels of human breast cancer tissue at core 
biopsy. 40 x10 ocular lens.  

 

 

 

 

 

 

Figure 4. Blood vessels of human breast cancer tissue at core 
biopsy.  40 x10 ocular lens.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Blood vessels of human breast cancer tissue at core 
biopsy. 40 x10 ocular lens.  
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DISCUSSION 

Recently, paraffin, celloidin and gelatin pouring of tissues 
have allowed to get histological specimens stained in 
different ways to carry out immunohistochemical 
investigations. However, the quality of tissue structures' 
preservation proved to be moderate.9,17 The best 
preservation of tissue structures could be reached with 
epoxy injection of tissues.   

The tumor growth dependency on angiogenesis7,15 makes 
the hypothesis of angiogenesis as a prognosticator attractive, 
However, there is still uncertainty about angiogenesis as a 
prognosticator in breast cancer based on the publications 
contains conflicting results.8 Studies of the assessment of 
angiogenesis have mainly been based on the hot-spot 
approach, preferentially using the technique of counting 
microvessel profiles by all immunohistochemically stained 
distinct endothelial cells or cell clusters microscopically. 
The method of tissue staining by Azur II do not request 
using any specific markers, sources, or involving additional 
methods for obtaining of images vessels.13  

A useful method of angiogenesis estimation in human 
tumors is the microvessels counting method in the primary 
tumor using specific markers of endothelial cells such as 
VIII-factor, CD31, CD34, as well as the standard 
immunoperoxidase technique of vessels staining.16,21,22 The 
studies on antibodies to CD31 factor was proved to be more 
sensitive method as the available panendothetial markers. 
This method recognizes more microvessels as other 
endothelial markers. CD34 and VIII-factor do not stain all 
vessels of the tumor, and antibodies to VIII-factor have 
reactions with lymphocytes as well. However, the specific 
characters of antibodies to CD31 are also not absolute, as 
they have a positive reaction with plasmatic cells. It must be 
mentioned that these markers stain normal, active/ 
proliferating endothelium. Since different studies used 
different techniques, it would be relevant to re-evaluate the 
prognostic value of angiogenesis by Chalkley counting in a 
confirmative study design.19 

The importance of the Chalkley counting as an 
independent prognostic factor in breast cancer diagnosis, 
together with age, axillaries metastatic nodal involvement, 
tumor size, and histological grade of malignancy is high.20 
But it must be mentioned that Chalkley counting method, as 
well as other original methods, have limited abilities. Our 
method developed let us obtain the 3D images of vessels in 
human breast cancer tissue, which let us find the relation 
between angiogenesis types and molecular biological basic 
of human breast precancer types. The relations between 
transformations between each form of angiogenesis can 
show how could become the transformation of angiogenesis 
type to be a prognostic factor for disease, its early relapse 
and metastasis phase.  

CONCLUSION 

Obtaining blood vessels images of human breast cancer on 
semithin epoxy slices gives new opportunities for studies of 
tissues and recognition of this disease.  
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Corrosion resistance of Ni-Ti, Thermoactive alloy, and SS 316 L alloy in artificial saliva (AS) in the absence and presence of coffee has 

been evaluated by electrochemical studies such as polarization study and AC impedance spectroscopy. The polarization and AC impedance 

spectroscopy studies lead to the conclusion that corrosion resistance of the alloys decreases in the following order: SS 316 L alloy > 

Thermoactive alloy> Ni-Ti alloy. In all the three cases, the corrosion resistance of the wires increases in the presence of coffee. Among the 

three orthodontic wires, SS316L alloy is the best candidate. 
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Introduction  

Metallic materials such as Ag, Au, Ni-Ti, Ni-Cr, SS 316L, 
SS18/8, etc., are used as implants in regulative oral surgery 
to the array of teeth. The metals for complete and partial 
crowns and bridges should be hypoallergenic materials with 
good mechanical properties, corrosion resistant towards soft 
drinks, hot drinks, food items, and tablets. Titanium alloys 
are the most commonly used material for implantation of the 
teeth.1 Corrosion of metallic implants has vital importance 
because it can adversely affect the biocompatibility and 
mechanical integrity of implants. The electrochemical 
behavior of orthodontic wires in artificial saliva has been 
investigated by polarization study and AC impedance 
spectra2. The resistance to corrosion of the metallic 
orthodontic wires in simulated intra–oral environment has 
been evaluated by Ziebowicz et al.3 The effects of 
multilayered Ti/TiN or single-layered TiN film deposited by 
Pulse-Biased Arc Ion Plating (PBAIP) on the corrosion 
behavior of NiTi orthodontic wires in artificial saliva have 
also been investigated.

4
 Rajendran et al. have studied the 

corrosion behavior of SS 316L and AS in artificial saliva in 
the presence of electoral, spirulina powder, and glucose, 
respectively.5,6,7 A lot of studied have been published on the 
use of natural products as corrosion inhibitors.7-13 Corrosion 
behavior of Thermoactive super elastic shape memory alloy 
and Gold 22K has been investigated in artificial saliva in the 
presence of syzygium cumini fruit juice.15 The corrosion 
resistance of Ti depends on the passive film alloys formed 
on surface.16-20 

In the present study, the corrosion resistance of Ni-Ti, SS 
316L, and Thermoactive alloys has been evaluated by 

electrochemical studies such as polarization study and AC 
impedance spectroscopy in artificial saliva in presence and 
absence of coffee. 

Materials and methods 

Preparation of coffee test solution 

The coffee test solution was prepared by heating 250 ml 
of milk to boil, and with added the 5 g of instant coffee 
powder (BRU Instant Coffee ), the mixture was mixed with 
a  teaspoon of sugar.  

Corrosion behavior of Ni-Ti, Thermoactive alloy, and 
SS316L alloy have been investigated in various test 
solutions such as artificial saliva (AS), coffee, AS + coffee. 
The composition of AS is given in Table 1. 

Table 1. The composition of artificial saliva 

Content Concentration, g L-1 

NaCl 0.4 

NaH2PO4.2H2O 0.690 

KCl 0.4 

CaCl2.2H2O 0.906 

Na2S.9H2O 0.005 

Urea 1 

The metal specimens were immersed in Fusayama-Meyer 
artificial saliva.

21
 The pH of the solution was 6.5. In 

electrochemical studies, the alloys were used as working 
electrodes. Artificial saliva was used as an electrolyte. The 
experiments were carried out at 64.5 ˚ C (temperature of the 
coffee drink). 

Potentiodynamic polarization study 

Polarization studies were carried out in a CHI-
electrochemical workstation with impedance, Model 660A.  
A three-electrode cell assembly was used.  
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Table 2. Corrosion parameters of metals immersed in artificial saliva (AS) in the absence and the presence of coffee obtained by 
polarization study 

 

The working electrode was one of the three alloys. A 
saturated calomel electrode (SCE) was the reference 
electrode, and platinum was the counter electrode. 

AC impedance spectra 

The cell setup was the same as in the case of polarization 
study. The real part (Z’) and imaginary part (-Z”) of the cell 
impedance were measured in ohms at various frequencies.  

Result and Discussion  

Analysis of polarization curves 

Polarization analysis has been used for detection of the 
protective films formed on the metal surface during 
corrosion inhibition process.

22
  The corrosion parameters of 

Ni-Ti, Thermoactive alloy, and SS316L alloy in the test 
solutions are given in Table 2, and the potentiodynamic 
polarization curves are shown in Figures 1 and 2. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.Polarization curve of Ni-Ti alloy, SS 316L alloy and 
Thermoactive alloy immersed in AS 

 

As it is given in Table 2, when Ni-Ti alloy was immersed 
in AS, the corrosion potential is -375 mV vs. SCE (Figure 
1a). The Linear Polarization Resistance (LPR) value was 
3277970 ohm cm2, and the corrosion current (Icorr)  was 
1.488 x 10-8 A cm-2. 

When the Thermoactive alloy was immersed in AS the 
Ecorr value wa -501 mV vs. SCE (Figure 1c). The LPR value 
was  7930745 ohm cm2. This was found to be higher than in 
case of Ni-Ti alloy. The corrosion current is (Icorr)  was 
found to be 5.775 x 10-9 A cm-2 . This was found to be lower 
than in case of Ni-Ti alloy. These observations indicated 
that thermoactive alloy was more corrosion resistant than 
Ni-Ti alloy. 

In the case of Thermoactive alloys, the cathodic Tafel 
slope was (bc) 158 mV decade-1, and the anodic Tafel slope 
was (ba) 315 mV decade-1. These values suggested that 
during anodic polarization, the rate of change of corrosion 
current with potential was high, and it was less during the 
cathodic polarization. 

When the SS316L alloy was immersed in AS, the 
corrosion potential was - 454 mV vs. SCE (Figure 1b). The 
LPR value was 12072330 ohm cm2. The corrosion current 
was 1.127x10-8 A cm-2. The values of Tafel slopes (bc = 164; 
ba = 317 mV decade-1) indicated that the rate of change of 
current with potential increased in higher rate during the 
anodic polarization than during the cathodic polarization.  A 
comparison of LPR values and corrosion current values of 
these alloys investigated revealed that SS316L was more 
corrosion resistance than other two alloys.  

Corrosion behavior of alloys in AS containing coffee 

Ni -Ti alloy 

AS it can be seen in Table 2, when Ni-Ti alloy was 
immersed in AS containing coffee, the corrosion potential 
was -778 mV vs. SCE (Figure 2a). It was interesting to note 
that in the presence of coffee the LPR value increased 
(5557295 ohm cm-2) and the corrosion current value 
decreased (7.170 x 10-9 A cm-2). It seemed that a protective 
layer was formed on the metal surface which controled the 
rate of corrosion of Ni-Ti in AS in the presence of coffee. 
The values of Tafel slopes were bc = 130 mV decade-1; ba = 
339 mV decade-1. 

Thermoactive alloy 

When the Thermoactive alloy was immersed in AS 
containing coffee the corrosion potential was -712 mV vs. 
SCE (Figure 2c).  The Tafel  slope were bc = 130 mV 
decade-1 and ba = 339 mV decade-1.  

Metal System Ecorr,  

mV vs SCE 

bc, 

mV decade-1 

ba, 

mV decade-1 

LPR, 

ohm cm2 

Icorr, 

A cm-2 

 

 

Ni-Ti alloy AS -395 178 302 3277970 1.488x10-8  

AS+Coffee -778 126 335 5557295 7.170x10-9  

SS316L alloy AS -454 164 317 4177473 1.127 x10-8  

AS+Coffee -447 123 216 12072330 2.825x10-9  

Thermoactive alloy AS -501 158 315 7936745 5.775x10-8  

AS+Coffee -726 130 339 8025230 5.095x10-9  
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Table 3. Corrosion parameters of metals immersed in Artificial saliva (AS) in the absence and the presence of coffee obtained by AC 
impedance spectra 

 

The LPR value was increased from 7936745 ohm cm2 to 
8025230 ohm cm2, the corrosion current was decreased from 
5.775 x 10 -8 A cm-2 to 5.095 x 10-9 A cm-2. That is, in the 
presence of coffee, the corrosion resistance of thermoactive 
alloy was increased.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Polarization curve of Ni-Ti alloy, SS316L alloy and 
Thermoactive alloy immersed in AS+Coffee 

SS 316 L alloy 

In the presence of coffee, the corrosion resistance of 
SS316L increased. This is revealed by the increase in LPR 
value (from 4177473 ohm cm2 to 12072330 ohm cm2 ) and 
decrease in corrosion current  (from 1.127 x10-8 to 2.825 x 
10-9) (Figure 2b). The value of Tafel slope were  bc = 123 
mV decade-1; ba = 216 mV decade-1. Thus polarization study 
leads to the conclusion that in the presence of coffee in AS 
the corrosion resistance of alloys decreased in the following 
order: SS316L alloy > Thermoactive alloy> Ni-Ti alloy. 
Polarization study reveals that the corrosion resistance of the 
three alloys in AS in absence and presence of coffee 
decreases in the following order; SS316L alloy > 
Thermoactive alloy> Ni-Ti alloy. 

Implication 

It implies that SS316L alloy is a better candidate for 
making orthodontic wire. 

AC impedance spectra 

AC impedance parameters such as charge transfer 
resistance (Rt), double layer capacitance (Cdl) (derived from 
Nyquist plots) and impedance value log (Z ohm-1) (derived 
from Bode plots), of various alloys immersed in AS and AS 
containing coffee, are given in Table 3. AS impedance 
spectra are shown in Fig 3 to 5 (Nyquist Plots) and 6 to 11 
(Bode plots). 

Ni-Ti alloy 

When Ni-Ti is immersed in AS (Figure 3a), the charge 
transfer resistance was 1227 ohm cm2. The double layer 
capacitance was 4.1538x 10-10 F cm-2. The impedance value 
[log (Z ohm-1)] was 4.20315 in the presence of coffee 
(Figure 3b), Rt value increased (from 12278 ohm cm2 to 
38238 ohm cm2) and Cdl value was decreased. There was an 
increase in the value of impedance [log(Z ohm-1)] (Fig 7b). 
These observations indicated that in the presence of coffee 
in AS, the corrosion rate of Ni-Ti was reduced due to the 
formation of the protective film formed on the metal surface. 

 

 

Figure 3. AC impedance spectra (Nyquist plot) of Ni-Ti alloy 
immersed in AS and AS+Coffee 

Thermoactive alloy 

When the Thermoactive alloy was immersed in AS 
(Figure 4a), the Rt value is 27941 ohm cm2. The double 
layer capacitance was 1.8253x 10-10 F cm-2. The impedance 
value [log (Z ohm-1)] was 3.82(Figure 8).  

Metal System Nyquist plot, Rt ohm cm2 Cdl, F cm-2 Bode plot, impedance log(Z ohm-1) 

Ni-Ti alloy AS 12278 4.1538 4.203 

AS+coffee 3823.8 1.30759 4.4 

SS316L alloy AS 12468 4.0905 4.443 

AS+coffee 247279.52 2.0235 4.6 

Thermoac-tive alloy AS 27941 1.8253 4.344 

AS+coffee 88930 5.6224 4.393 
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When the Rt values were compared with the value of Ni-
Ti, it was noted that Thermoactive alloy was more corrosion 
resistant in AS than Ni-Ti alloy. Similarly, when 
Thermoactive alloy was immersed in AS mixed with coffee 
(Figure 4b) the Rt value was increased from 27941 to 88930 
ohm cm2, the Cdl value decreased from 1.8253 x 10-10 F cm-2 

to 5.622 x 10-11 F cm-2, and the impedance value increased 
from 3.871 to 4.393 (Figure 9). This observation concluded 
that the film formation on the metal surface in AS in the 
presence of coffee. 

 

 

Figure 4. AC impedance spectra (Nyquist plot) of Thermoactive 
alloy immersed in AS and AS+Coffee 

SS316L alloy 

When SS316 L alloy was immersed in AS, the Rt value 
was 12468 ohm cm2. The Cdl value was 4.0905x 10-10  F cm-2, 
and the impedance value [log (Z ohm-1)] was 4.443 (Figure 
10). These observations suggest that the protective film 
formed on the SS316L alloy. SS316L was a better candidate 
in AS since it was more corrosion resistant than  Ni-Ti and 
Thermoactive alloys. 

 

Figure 5. AC impedance spectra (Nyquist plot) of SS 316L alloy 
immersed in AS and AS+Coffee 

When SS316L was immersed in AS in the presence of 
coffee the Rt value is increase from  12468 to 247279.52 
ohm cm2, the Cdl value is decreased from 4.0905 x 10-10 F 
cm-2  to 2.0235 x 10-10 F cm-2 and impedance value increased 
from 4.443 to 4.6 [log (Z ohm-1)] (Figure 11).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.AC impedance spectra (Bode Plot) of Ni-Ti alloy 
immersed in AS  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7.AC impedance spectra (Bode Plot) of Ni-Ti alloy 
immersed in AS +Coffee 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8.AC impedance spectra (Bode Plot) of Thermoactive alloy 
immersed in AS  
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Figure 9.AC impedance spectra (Bode plot) of Thermoactive alloy 
immersed in AS+Coffee 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10. AC impedance spectra (Bode plot) of SS316L 
immersed in AS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11. AC impedance spectra (Bode plot) of SS316L 
immersed in AS+Coffee 

Conclusion  

The present study led to the conclusion that in the 
presence of coffee in AS, the corrosion resistance of 
SS316L increased. In the presence of coffee in AS, the 
corrosion resistance of alloys decreased in the following 
order; 

SS 316 L alloy > Thermoactive alloy> Ni-Ti alloy 
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NEW ENVIRONMENTALLY FRIENDLY METHOD FOR 

QUANTIFICATION OF CEFAZOLIN SODIUM 

Bárbara Saú Rechelo,[a] Felipe Hugo Alencar Fernandes,[a] Ana Carolina  
 Kogawa[a]* and Hérida Regina Nunes Salgado[a] 

 

Keywords: Cefazolin sodium; quality control; visible spectrophotometry; green technique; eco-friendly method 

Cefazolin sodium, a β-lactam antimicrobial agent belonging to the first generation cephalosporins, has a broad spectrum of action, acting 

against gram positive and gram negative bacteria. Stands out over other cephalosporins for its ability to also act against some species of 

Enterobacter, and have a long half-life, thus reducing the frequency of administrations. A simple, fast and reproducible method by visible 

spectrophotometry was developed and validated for quantification of cefazolin sodium in the lyophilized powder. This technique is widely 

used in the pharmaceutical industry due to its ease of execution, low cost, safety and high precision and accuracy. It has been employed in 

the quality control routine of numerous pharmaceuticals in order to identify them and quantify their active principles. The method was 

capable of detecting and quantifying the cefazolin sodium obtaining satisfactory results regarding selectivity, precision, accuracy and 

robustness, on linear range of 32.0 to 92.0 µg mL-1, showing the correlation coefficient of 0.9993 when analyzed at 767 nm. Due to the 

environmental impacts caused by global economic development, green chemistry has come up with a proposal to minimize and/or eliminate 

the use of harmful solvents, which generate large amounts of toxic waste to the environment and the health of operators, as well as reducing 

expenses with costly processes. The proposed method does not use toxic solvent, proving to be effective, low cost, easy to apply and safe 

for the analyst and environment. 
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Introduction 

Cefazolin sodium (CFZ, Figure 1) is a β-lactam 
antimicrobial agent, belonging to the first generation of 
cephalosporins. It stands out because CFZ has activity 
against some species of Enterobacter and can be 
administered less frequently because of its longer half-life.1-5 
Its mechanism of action results from the inhibition of cell 
wall synthesis in Gram-negative and Gram-positive bacteria, 
preventing transpeptidases enzymes to form cross-links 
peptidoglycan in the bacterial cell wall.6-9 

 

 

 

 

 

Figure 1. Chemical structure of cefazolin sodium (CAS 27164-46-
1). 

Considering the great importance of cefazolin sodium on 
the global scene in the treatment of infectious diseases, the 
development of practical, economical and reliable analytical 
methods, which can be used in the quality control of this 
drug, is essential and highly relevant, seeking the 

therapeutic efficacy, patient’s safety and also benefits for the 
pharmaceutical industries and compounding pharmacies.10 

Cefazolin sodium has some analytical methods described 
in official compendia such as British,11 European,12 
Japanese,13 Portuguese14 and US15 pharmacopeias. In the 
literature, several methods have been described for the 
qualitative16 and quantitative analysis of cefazolin sodium, 
included spectrophotometry,17-29 high-performance liquid 
chromatography30-47 and voltammetry.48 However, most of 
them were time-consuming and dedicated to sophisticated 
and expensive analytical instruments. 

The methods found in the literature for the identification 
and quantification of sodium cefazolin use mostly mobile 
phases consisting of buffer solutions and solvents such as 
acetonitrile and trifluoroacetic acid, which, according to the 
concepts of green chemistry, are extremely aggressive to the 
environment.49 

The validation process is essential to set up a developed 
methodology is completely appropriate to the objectives 
which it is intended in order to obtain reliable results that 
can be satisfactorily interpreted. It involves the development 
of an analytical method, adaptation or implementation of a 
known method and an evaluation process to estimate its 
efficiency.50 

Looking for quality control and seeking to optimize 
processes in the industry, researches involving analytical 
methods are extremely important and highly relevant to 
improve analysis in the pharmaceutical industry and ensure 
the quality of the marketed product.  As a complementary 
alternative to analytical methods existing to cefazolin 
sodium, this paper aimed to develop, validate and apply a 
low-cost analytical method, simple, fast, reproducible and 
safe to the environment and analyst by visible 
spectrophotometry for quantification of cefazolin sodium in 
powder for injection solution. 
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Experimentals 

Material 

Cefazolin sodium reference substance was a standard with 
a declared purity of 98.2 %, obtained from Sigma-
Aldrich™. The samples were lyophilized powders in vials 
containing 1g, kindly supplied from ABL™. 

Chemicals 

Sodium carbonate was obtained from Synth™ and Folin-
Ciocalteau reagent was obtained from Sigma-Aldrich™. 
Purified water was used to prepare all solutions. Was 
weighed 5.0g of sodium carbonate and transferred to 25 mL 
flask with water. It took to ultrasound for 30 minutes to 
complete solubilization and was completed the volume with 
purified water, yielding reagent with 5.0 % of final 
concentration. 

Equipment 

The method was performed in spectrophotometer UV-Vis 
Shimadzu, model UV 1800, using quartz cuvettes 1 cm 
optical path, under controlled temperature 25° C. 

Ringbom’s Curve 

For the development of the visible spectrophotometric 
method, Ringbom’s curve was constructed in order to 
establish the concentrations of work to which the drug has 
linearity. Aliquots of the standard stock solution of 200.0 µg 
mL-1 were transferred using a micropipette to 10 mL 
volumetric flasks, and the volume was completed with 
purified water, in addiction to sodium carbonate buffer and 
Folin-Ciocalteau reagent to obtain increasing concentrations 
2.0-182.0 μg mL-1. 

Analytical Curve 

For the development of the visible spectrophotometric 
method, the calibration curve was constructed to determine 
the range in which the drug has an increased linearity. 
Aliquots of stock solutions corresponding to 1.6, 2.2, 2.8, 
3.4, 4.0 and 4.6 mL to 10.0 mL volumetric flasks. Were 
added to each volumetric flask aliquots of 300 µL of sodium 
carbonate buffer solution 5 % and 100 μL of Folin-
Ciocalteau reagent. The volume was completed with 
purified water, for obtaining solutions with concentrations 
of 32.0, 44.0, 56.0, 68.0, 80.0 and 92.0 μg mL-1, 
respectively.  

Purified water, sodium carbonate buffer and Folin-
Ciocalteau reagent were used as blank to reset the appliance. 

Analytical Method Validation 

On validation of analytical methods, as well in this 
research, the determined parameters was selectivity, 
linearity, precision, accuracy, robustness, limit of detection 
(LD) and limit of quantification (LQ).50-55 

Linearity 

The linearity of the method was obtained through the 
analysis of three analytical curves on three different days. 
The results obtained were analyzed to obtain the equation of 
the line by the least-squares method, and verification of the 
linearity was detected by Analysis of Variance (ANOVA). 

Limits of detection (LD) and quantification (LQ) 

The limit of detection (LD) and limit of quantification 
(LQ) were calculated by standard deviation of the intercept 
and the slope of the analytical curve. The equations are: 

 

          (1) 

 

          (2) 

 

Precision 

The precision of the method was performed for 
repeatability and intermediate precision, which were 
evaluated by relative standard deviation (RSD). 

Repeatability 

The repeatability was determined by analysis of six 
solutions of cefazolin sodium at a concentration of 56.0 μg 
mL-1 prepared on the same day. Thus, results were obtained 
using the same experimental conditions. 

Intermediate precision 

The intermediate precision was evaluated through analysis 
of six solutions of cefazolin sodium at a concentration of 
56.0 μg mL-1 were prepared and executed by different 
analysts in different days under the same experimental 
conditions. 

Selectivity 

Three scans on spectrophotometer were performed for the 
study of selectivity of the proposed method, both between 
380-780 nm: the first scan was made with a standard 
solution of cefazolin sodium at 56.0 µg mL-1, the second 
scan was made with a solution of cefazolin sodium in 
lyophilized powder at same concentration, and the thirst was 
made with a solution containing only the chosen solvent 
(purified water, sodium carbonate buffer and Folin-
Ciocalteau reagent). 

Accuracy 

The solutions were prepared according to Table 1.  
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Table 1. Preparation of test solutions for accuracy parameter of the 
visible spectrophotometric method at 767 nm. 

 Volume (mL) of CFZ solution  

(200.0 µg mL-1) 

Theoretical 

concentration  

(µg mL-1)* 
sample standard 

Sample 1.6 - 32.0 

R1 1.6 0.6 44.0 

R2 1.6 1.2 56.0 

R3 1.6 1.8 68.0 

Standard - 1.6 32.0 

* 10 mL volumetric flask 

Robustness 

The robustness of the method was determined by 
comparing the contents obtained by varying the wavelength 
and evaluated by the test F and Student's t test. 

Determination of cefazolin sodium content in lyophilized 

powder 

Solutions of 56.0 µg mL-1CFZ were prepared in triplicate, 
on three different days and analyzed by spectrophotometer 
at 767 nm.The content of cefazolin sodium was calculated, 
according to Equation 3. 

 

          (3) 

where 

CS = concentration of the sample 

AS = absorbance of the sample 

CRS = concentration of the reference substance 

ARS = absorbance of the reference substance  

Results 

Cefazolin sodium reacts with Folin-Ciocalteau reagent to 
form a blue solution at 767 nm.  

Ringbom’s Curve 

The absorbance of concentrations between 2.0 to 182.0 µg 
mL-1 was converted to transmittance. These data were 
plotted on a graph of transmittance versus log concentration 
of cefazolin sodium reference substance as shown in Figure 
2. 

Analytical methods validation 

The choice of cefazolin sodium study conducting in 
concentration of 56.0 µg mL-1 to assays of precision 
(repeatability and intermediate precision), selectivity and 
determination of the content is justified as being the 
midpoint of the working range established by Ringbom’s 
curve. 

 

 

 

 

 

 

 

 

Figure 2. Ringbom's curve obtained by visible spectrophotometric 
method to cefazolin sodium standard. 

 

Linearity 

The analytical curve of cefazolin sodium was built with 
the average of the absorbance values of three analytical 
curves with concentrations from 32.0 to 92.0 µg mL-1, 
obtained during the linearity test. Figure 3 shows the 
corresponding analytical curve. 

 

 

 

 

 

 

 

 

Figure 3. Analytical curve of cefazolin sodium, at concentrations 
32.0; 44.0; 56.0; 68.0; 80.0 e 92.0 µg mL-1, obtained by visible 
spectrophotometric method. 

The equation of line determined by the method of least 
squares was y = 0.0108x - 0.0258, with a coefficient of 
determination (R²) equal to 0.9993 and correlation 
coefficient (r) equal to 0.9996 to cefazolin sodium standard. 

The ANOVA calculated for the data from the analytical 
curve is shown in Table 2. 

Limits of detection (LD) and quantification (LQ) 

The results of limit of detection (LD) and limit of 
quantification (LQ) were 1.45 and 4.38 µg mL-1, 
respectively. 
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Table 2. Analysis of variance of absorbance values determined in the linearity parameter for cefazolin sodium 

SOURCE DF SS MS Fcalcd. Fcrit. 

Model 1 0.875459433 0.875459433 1.16 4.12 

Residues 16 0.000630844 3.94278E-05 22204.13* 4.49 

Lack of fit 4 0.000123511 3.08778E-05 0.73 3.26 

Pure error 12 0.000507333 4.22778E-05   

TOTAL 17 0.876090278    

* Significant at p<0.05 %; DF = degrees of freedom; SS = sequential sum of squares; MS = adjusted mean squares 

 

Table 3. Values determined for the precision parameter of cefazolin sodium by visible spectrophotometric method 

 Absorbances RSD ( %) 

Repeatability 0.578 0.588 0.591 0.574 0.582 0.590 1.19 

Intermediate Precision 
0.583 0.574 0.580 0.576 0.582 0.576 

0.76 
0.581 0.589 0.579 0.574 0.577 0.582 

* RSD = relative standard deviation 

 

Table 4. Results of the recovery test by visible spectrophotometric method 

 

 

 

 

 

 

 

 

 

 

Figure 4. Residue analysis for cefazolin sodium in lyophilized 
powder obtained by visible spectrophotometric method. 

 

Precision, selectivityand accuracy 

The results of precision are shown in Table 3. 

The spectra analysis present that all reagents did not 
interfere in the visible spectrophotometric method, showing 
the selectivity of this procedure. 

Table 4 shows the recovery values obtained for each 
concentration level tested in the accuracy parameter of 
visible spectrophotometric method for cefazolin sodium. 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Overlap of the visible spectrophotometric spectra 
referring the solutions at a concentration of 56.0 µg mL-1 of blank, 
cefazolin sodium in lyophilized powder and cefazolin sodium 
reference. 

 

 Cefazolin sodium 

added (mL) 

Cefazolin sodium 

recovered (mL) 

Recovery 

( %) 

Average Recovery ( %) RSD 

( %) 

R1 0.6 0.60 99.79 100.58 0.69 

R2 1.2 1.21 101.03 

R3 1.8 1.82 100.93 
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Table 5. Evaluation of the robustness of the analytical method for analysis of cefazolin sodium by visible spectrophotometry. 

Length ofwave (nm) Absorbance 1 Absorbance 2 Absorbance 3 Average  absorbance RSD ( %) 

767 0.571 0.583 0.564 0.573 ± 0.004 1.68 

760 0.578 0.571 0.574 0.574 ± 0.010 0.61 

 

Robustness 

The changes in the wavelength of absorption are shown in 
Table 5. 

The average variations in wavelength selected for the 
study to assess the robustness parameter were statistically 
analyzed, and the results are shown in Table 6. 

Table 6. Statistical analysis of the variation of wavelength in the 
visible spectrophotometric method 

 Statistical test 

 Fcalculated Fcritical tcalculated Tcritical 

Wavelength 

767 and 760 nm 

1.42 5.05 -0.79 2.23 

Determination of cefazolin sodium content 

The assay was performed by comparing the absorbance 
obtained in analysis of cefazolin sodium standard and 
samples, both at a concentration of 56.0 µg mL-1. The results 
are shown in Table 7. 

Table 7. Values determined for the dosing of cefazolin sodium by 
visible spectrophotometric method 

Day Content of CFZ* Average 

content,  % 

RSD ( %) 

mg  % 

1 56.26 100.46 100.32 0.18 

2 56.06 100.11 

3 56.22 100.40 

* Each value is the average of six determinations 

Discussion 

The reported methods for the determination of cefazolin 
sodium are complex, expensive, time-consuming or require 
the use of large amounts of organic solvents[66]. In this 
research, a non-toxic solvent was chosen in order to obtain a 
low cost and environmentally friendly visible 
spectrophotometric method for quantification of cefazolin 
sodium in lyophilized powder.  

Quantitative visible spectrophotometric analysis has as its 
principle the direct relationship between the amount of light 
absorbed and the concentration of the substances, also know 
Lambert-Beer law.21 This region, in pharmaceutical 
analysis, is widely used for identification and assay of drug 
and medicines.21 All spectrophotometric techniques are 

based on chemical interaction with a radiant energy and, in 
most cases, the effect of this interaction is the energy 
absorption by the material being analyzed.16 

These features make spectrophotometric techniques 
particularly suitable for the determination of low 
concentrations of clinically important compounds.24 The 
method has shorter analysis time, are economically most 
suitable and do not generate chemical waste too much.24, 60-65 

Proper wavelength selection of the methods depends upon 
the nature of sample, and its solubility.56 Cefazolin sodium 
is completely soluble in water.21 Thus, purified water was 
chosen to be used as a solvent presenting appropriate 
features in the spectra, such as a good absorption intensity of 
the functional chromophore groups present on the molecule; 
besides easy acquisition, disposal, low cost and 
environmental advantages, since it does not generate toxic 
waste to the operator and the ecosystem.21, 56 The 
wavelength of 767 nm was chosen due to the adequate 
molar absorptivity of cefazolin sodium in this region. 

Cefazolin sodium, in its chemical structure, presents 
moments of molecular resonance, allowing the intermediates 
to have electronic density close to the phenolic compounds. 
Spectrophotometric quantification of phenolic compounds is 
accomplished by a variety of techniques, however, the one 
utilizing Folin-Ciocalteau reagent is among the most 
extensively used. The reagent consists of a mixture of 
phosphomolybdic and phosphotungstic acids, in which 
molybdenum and tungsten are in the +6 oxidation state, but 
in the presence of certain reducing agents, such as phenolic 
compounds, they form the so-called blue molybdenum and 
blue tungsten.58, 59 

During the development of the visible spectrophotometric 
method for quantification of cefazolin sodium in the 
pharmaceutical form powder for injection solution, were 
tested concentrations that varied from 2.0 to 182.0 µg mL-1. 
The concentrations from 32.0 to 92.0 µg mL-1, since this 
group showed linearity of response. 

The linearity of the method, we constructed a graph of 
concentration versus absorbance, which showed 
proportionality between both. Residue analysis indicated 
that the regression model used is appropriate. Each average 
value of absolute areas obtained in determining the 
analytical curve was plotted in relation to its concentration, 
observing linearity in the range of 32-92 μg mL-1, as shown 
in Figure 4. The results for linearity were statistically 
analyzed using tests of variance (ANOVA); according to 
ANOVA there is no deviation from linearity in calibration 
curve and the regression model is appropriate. 

The calculated values for the limits of detection and 
quantification of cefazolin sodium in lyophilized powder is 
an estimate (LD = 1.45 µg mL-1 and LQ = 4.38 µg mL-1).  
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These values indicate the ability of this method to reliably 
detect and quantify cefazolin sodium in its pharmaceutical 
dosage form. 

The precision of the method was evaluated in two 
different ways: by repeatability (intraday precision) and 
intermediate precision (interday and inter-analyst 
precisions). The results are presented in Table 4. The 
intraday precision (n = 6) gave an RSD value of 1.19  %. 
The RSD values observed in intermediate precision (n = 12) 
was 0.76 %, demonstrating appropriate precision of the 
method. 

The accuracy of the method was determined by measuring 
the reference standard recovery in triplicate at three levels 
(R1, R2 and R3), from 80 to 120 % of the method 
concentration (56.0 µg mL-1), according to ICH 
recommendation.54 The accuracy was determined using a 
recovery assay performed at three concentration levels 
(Table 5). The recovery test is an experimental design to 
verify the relationship between the amount of substance 
added and the amount quantified by this assay.57 Thus, the 
data demonstrates adequate accuracy of the method, since 
the experimental concentrations were very close to the real 
values (close to 100 %). 

Changes in the wavelength of absorption were performed 
to evaluate the robustness of the method. During the 
analysis of the pharmaceutical product, the levels found no 
significant difference and RSD were below 0.61 %, 
demonstrating the robustness of the proposed method, 
compared to the measured parameter, as shown in Tables 6 
and 7. 

The content of cefazolin sodium in lyophilized powder 
was 100.32 %. The proposed visible spectrophotometric 
method met all requirements required by the official codes 
agency guidelines,15,51,54-55 making it adequate, presenting 
linearity, precision, selectivity, accuracy and robustness, and 
can be used for assay of cefazolin sodium in lyophilized 
powder at quality control laboratories. 

Conclusion  

The validation of analytical methods is the way to ensure 
that the developed process is safe and meets the 
requirements of official compendia, demonstrating 
reliability and reproducibility of the results. Green chemistry 
is important for the development of methods that are less 
harmful to the environment, less costly, and have the same 
reliability and reproducibility of conventional methods. 

All validation parameters found to be highly satisfactory, 
indicating selectivity, linearity, precision, accuracy, 
robustness and adequate detection and quantification limits, 
with no significant statistical difference. The method, 
therefore, can be applied in routine of quality control 
laboratories, due to its ease to execute, low cost, low 
generation of toxic waste and safety for analyst and 
environmental. 
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Thienopyrimidines derivatives continue to attract great interest due to the wide variety of interesting biological activities observed for 

compounds characterized by this heterocyclic system. This review results from the literature survey containing the synthesis of thieno[2,3-

d]pyrimidines, thieno[3,2-d]pyrimidines and thieno[3,4-d]pyrimidines from thiophene ring then build pyrimidine ring and from pyrimidine 

ring then build thiophene ring. 
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Introduction 

Thienopyrimidine can be represented in three structures as 
shown below.1 

 

 

 

 

Synthesis of thienopyrimidines was accomplished either 
starting with thiophene moiety followed by construction of 
pyrimidine moiety on it or starting with pyrimidine nucleus 
followed by construction of thiophene block on it.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Synthesis 

Preparation of thieno[3,4-d]pyrimidine 

a) From 4-oxo-tetrahydrothiophene-3-carboxylate 

3-Methyl 4-oxo-tetrahydrothiophene-3-carboxylate (1)2 
was converted to the oxime (2) by reacting with 
hydroxylamine hydrochloride in methanol and barium 
carbonate. The produced oxime was rearranged with 
hydrogen chloride in methanol at room temperature3 into 3-
amino-4-carbomethoxythiophene (3). Methyl 4-amino 
thiophene-3-carboxylate (4) was converted into thieno[3,4-
d]pyrimidin-4(3H)-one (3) by reacting with formamide at 
175 0C in the presence of ammonium formate in 71 % 
yield.4 

Application of these conditions in the case of the free base, 
compound (3) gave only traces of the desired (4) along with 
large amounts of tar. Since aminothiophene bases are 
notoriously unstable, the molecule was stabilized by 
formylation with formic acid in the presence of sodium 
acetate to give (5) in 59 % yield, which when treated with 
ammonium formate and formamide at 145 0C gave a 50 % 
yield of the thienopyrimidine (4). 
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On the other hand, methyl 4-formamidothiophene-3-
carboxylate (5) was converted into the corresponding 4-
formamidothiophene-3-carboxamide (6) using methanolic 
ammonia solution which easily gave thienopyrimidine (4) 
with methanolic sodium methoxide in 93 % yield (Scheme 
1). 

b) From 4-amino-thiophene-3-carboxylic acid amide 

2,4-Diaminothiophene-3-carbonitrile (7) was converted to 
amide (8) by using sulfuric acid at room temperature 
cyclization by using triethyl orthoformate or triethyl 
orthoacetate gave thieno[3,4-d]pyrimidine (9) in 65 % yield 
(Scheme 2).5  

 

 

 

 

 

Scheme 2.  

c) From 3-aminothiophene-4-carboxylic ester 

Thiophene amino esters (10) were reacted with 2-
chloroethyl isocyanate in toluene and gave the 4-(2-
chloroethyl)thiophene derivatives (11). Compounds (11) 
were then reacted with 2-methoxyphenylpiperazines in THF, 
2-propanol or DMF to afford the thienopyrimidine-2,4-dione 
derivatives in 56 % yield (12) (Scheme 3).6 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Scheme 3. 

Thieno[3,2-d]pyrimidine 

From rthyl or mMethyl 3-aminothiophene carboxylate 

derivatives  

Ethyl 3-aminothiophene-2-carboxylate (13) was heated up 
to 190 oC with urea under neat condition followed by 
treatment with sodium hydroxide then acidified with sulfuric 
acid gave thieno[3,2-d]pyrimidine-2,4(1H,3H)-dione (14) in 
84 % yield. The latest compound was converted into 2,4-
dichlorothieno[3,2-d]pyrimidine (15) by the reaction with 
phosphorus oxychloride in dioxane in the presence of 
triethylamine in 81.4 % yield (Scheme 4).7 

 

 

 

 

 

Scheme 4.  

 

Aryl acetonitrile (16) reacted with ethyl formate in the 
presence of sodium methoxide to afford the corresponding 
sodium 2-cyano-2-arylethenolate (17) which was reacted 
with p-toluenesulfonyl chloride in DMF affording 2-aryl-3-
(p-toluenesulfonato) acylonitriles (18). 

The latter compound underwent acidic hydrolysis to give 
2-formyl-2-arylacylonitriles (19) which reacted with p-
toluenesulfonyl chloride in the presence of excess 4-
methylmorpholine in dichloromethane to give 2-cyano-2-
arylylvinyl toluenesulfonate (18). The obtained compound, 
when treated with methyl thioglycolate, gave the thiophene 
(20). The thiophene 20 was cyclized either by potassium 
cyanate or urea to thieno[3,2-d]pyrimidine in 80 % yield 
(21) (Scheme 5).8 
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Shestakov A. S. et al.9 reported synthesis of thieno[3,2-
d]pyrimidine by the reaction of methyl 3-aminothiophene-2-
carboxylate (22) with isocyanates and isothiocyanates. 
Initially, carbamides or thiocarbamides (23) were formed, 
alkaline treatment of (23) led to the formation of 
pyrimidinediones or 2-thioxopyrimidin-4-ones in 95 % yield 
(24) (Scheme 6). 

 

 

 

 

 

 

 

 

 

Scheme 6. 

 

Thieno[3,2-d]pyrimidin-2,4(1H,3H)-dione (14) was 
prepared by Temburnikar et al.10 in the reaction of methyl-3-
amino-2-thiophene carboxylate (22) with potassium cyanate 
in the presence of acetic acid as white solid in yield (71 %) 
(Scheme 7). 

 

 

 

 

Scheme 7.  

 

The  interaction of methyl 3-aminothiophene-2-
carboxylate (22) and 2-chloroethylisocyanates gave methyl 
3-(3-(2-chloroethyl)ureido)thiophene-2-carboxylate (25) 
with potential antihypertensive activity.11 The attempts to 
obtain 3-(2-chloroethyl)thieno[3,2-d]pyrimidine-2,4(1H, 
3H)-dione (26) led to a very slow reaction. In more 
complicated conditions (two-days boiling ammonia-dioxane 
solution) led to a tricyclic compound in 78 % yield (27) 
(Scheme 8). 

A. Ivachtchenko et al..11 reported that the amino-thiophene 
ester (22) was reacted with thiophosgene to generate 
isothiocyanate (28).   

 

 

 

 

 

 

 

 

 

 

Scheme 8. 

Further condensation of this reactive isothiocyanate 
intermediate with various primary amines in a mixture of 2-
propanol and 5 % aqueous KOH under reflux smoothly 
afford thieno[3,2-d]pyrimidines (29). On the other hand 
compound (29) was prepared directly by reacting of 
aminothiophene ester (22) with isothiocyanate derivatives in 
the presence of 2-propanol and triethylamine in 75 % yield 
(Scheme 9). 

 

 

 

 

 

 

 

Scheme 9. 

Thieno[3,2-d]pyrimidines were synthesized by E. 
Perspicace et al..12 in a two- or a three-step procedure, 
respectively, as depicted in the following Scheme, starting 
from compound (30). The starting materials methyl 3-
amino-5-(3-methoxyphenyl)-thiophene-2-carboxylate (30) 
was synthesized using the multi-step procedure well 
described in the literature.13 The condensation of molecule 
(30) with N,N-dimethylformamide dimethyl acetal (DMF-
DMA) gave methyl 3-dimethylaminomethylideneamino-5-
(3-methoxy-phenyl)thiophene-2-carboxylate (31) in very 
good yield14 which were used directly in the next step 
without purification to afford compound (32). The 
condensation of 6-(3-methoxyphenyl)-4H-thieno[3,2-
d][1,3]oxazin-4-one (33) with 3-methoxybenzyl amine as an 
alternative route to produce (32) was failed.  
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After O-demethylation using boron trifluoride methyl 
sulfide complex BF3.SMe2, the thieno[3,2-d]pyrimidin-
4(3H)-one (34) was obtained in 82 % yield (Scheme 10). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Scheme 10. Reagents and conditions: (a) DMF-DMA, EtOH, 
microwave irradiation (100 °C, 80 W, 15 min), 98%; (b) DMF, 
microwave irradiation (100 °C, 80 W, 15 min), 31%; (c) BF3.SMe2, 
CH2Cl2, rt, 82 %; (d) MeOH, reflux. 

The reaction of 3-aminothiophene derivatives with 
chloroform amidine hydrochloride in dimethylsulfone gave 
thieno[3,2-d]pyrimidine derivatives in yield from 40 to 90 % 
according to the Scheme 11.15  

 

 

 

 

 

 

 

 

 

 
 

Scheme 11.  

Reaction of methyl 3-aminobenzothiophene-2-carboxylate 
(37) with lactams in the presence of dichloroethane and 
POCl3 gave benzothieno[3,2-d]pyrimidinone derivatives 
(38a-c) in yield 88, 60 and 93 %, respectively (Scheme 
12).16 

 

 

 

Scheme 12.  

From o-ketoaminothiophene 

The reaction of malononitrile with phenyl isothiocyanate 
in the presence of potassium hydroxide afford the potassium 
salt of ketene N,S-acetal (39). Compound (39) was allowed 
to react with p-bromophenacyl bromide or chloroacetone to 
afford the S-alkylated derivatives (40) which underwent 
cyclization in the presence of sodium ethoxide into 
compound (41). The reaction of (41) with formamide and 
formic acid under refluxing temperature gave 4-(4-
bromophenyl)-6-(phenylamino)thieno[3,2-d]pyrimidine-7-
carbonitrile (42) in 60 % yield. Also, compound (41) was 
allowed to react with phenyl isothiocyanate in pyridine 
when the corresponding 4-(4-bromophenyl)-3-phenyl-6-
(phenylamino)-2-thioxo-2,3-dihydrothieno[3,2-d]pyrimidi-
ne-7-carbonitrile (43) was formed in 74 % yield (Scheme 
13).17 

 

 

 

 

 

 

 

 

 

 

 

 

Scheme 13.  

Thieno[2,3-d]pyrimidines 

A-Starting from thiophene ring and building pyrimidine ring 

on it 

1H-Thieno[2,3-d][1,3]oxazin-2,4-dione 

Thieno[2,3-d]pyrimidine was first synthesized by Baker et 
al...18 when thieno[2,3-d][1,3]oxazine-2,4-dione (44) was 
treated with ammonium formate in 89 % formic acid at 100 
0 C to initiate ring opening and formylation with formation 
of 2-formylamino-thiophene-3-carboxylic acid (45).  
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The compound (45) then was reacted with diazomethane 
to give methyl ester (46), the methyl ester (46) was treated 
with methanolic ammonia to give 3H-thieno[2,3-d] 
pyrimidin-4-one (47) in 4 % yield (Scheme 14). 

 

 

 

 

 

 

 

Scheme 14. 

2-Amino-thiophene-3-carbonitrile from 5-acetyl-2-amino-4-

phenyl-thiophene-3-carbonitrile 

5-Acetyl-2-amino-4-phenyl-thiophene-3-carbonitrile 
(48)19  was reacted with carbon disulfide in pyridine to 
afford the thieno[2,3-d]pyrimidine dithione derivative (49) 
in 45 % yield.20 When compound (48) was reacted with 
triethyl orthoformate followed by sodium hydrogen sulfide 
treatment according to Taylor et al.21, the thieno[2,3-
d]pyrimidine thione derivative (50)20 was formed in 67% 
yield. Compound (48) was underwent cyclocondensation 
during refluxing in formamide22 to afford the 
aminothieno[2,3-d]pyrimidine derivatives (51) in 78 % yield 
(Scheme 15).20 

 

 

 

 

 

 

 

 

 

 

 

 

Scheme 15. 

 

 

 

 

 

 

 

 

 

 

 

Scheme 16. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Scheme 17. 
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Imidoformates (53, 58) were prepared in excellent yield 
by treatment of 2-amino-6-methyl-4,5,6,7-tetrahydro-1-
benzothiophene-3-carbonitrile (52) prepared by Gewald 
reaction as reported in the literature23 and 2-amino-7-oxo-
4,5,6,7-tetrahydro-1-benzothiophene-3-carbonitrile (57) 
prepared from 1,3-cyclohexanedione24 with triethyl 
orthoformate at reflux temperature. Reactions of 
imidoformates (53, 58) with hydrazine hydrate afford the 
thienopyrimidines (54, 59) in 77 % and 64 % yields, 
respectively. Similarly, the reaction of imidoformates (53, 
58) with ethanolic ammonia followed by the cyclization of 
intermediates with sodium ethoxide in refluxed 
dimethylformamide, the formation of 
aminothienopyrimidines (56, 61) in 80 % and 75 % yields, 
respectively. The reaction of compounds (52, 57) with 
formic acid gave thienopyrimidinone derivatives (55, 60) in 
80 % yield (Scheme16 and Scheme 17). 

The compounds (56, 61) were prepared by refluxing 2-
amino-3-cyanothiophenes (52, 57) with formamide. Also, M. 
I. Hossain et al..25 used the 2-aminothiophene-3-carbonitrile 
(62) which prepared by Gewald method from 2-butanone 
with sulfur and malononitrile to synthesize thieno[2,3-
d]pyrimidine (63) in 85 % yield (Scheme 18). 

 

 

 

 

 

 

 

 

 

 
 

 

Scheme 18.  

Nitinkumar S. Shetty et al.26 used microwave irradiation 
to synthesize thieno[2,3-d]pyrimidine from α-
aminothiophene carbonitriles.23,27 The precursor 2-amino-
5,5-dimethyl-7-oxo-4,5,6,7-tetrahydro-1-benzothiophene-3-
carbonitrile (64) was prepared by the reaction of 1,3-
dimedone under conditions reported by K. Gewald.22,24 
Thienopyrimidin-4-one (65) was prepared by the microwave 
irradiation of 2-amino-3-cyanothiophene (64) in the 
presence of formic acid in 80 % yield (Scheme 19).  

 

 

 

 

Scheme 19. 

Compounds (68a-d) were obtained by reacting the 
aminocyano derivative (66) with the aromatic 
isothiocyanates in ethanol in the presence of a catalytic 
amount of triethylamine. Using phenyl isothiocyanate,  
hexacyclothienopyrimidine (76) was produced in 50 % yield 
(Scheme 20).28 

 

 

 

 

 

 

 

 

 

 

 

Scheme 20. 

Reaction of heteroaromatic 2-aminothiophene-3-
carbonitrile (69) with ethyl N-bis(methylthio)methylene-
amino acetate (70) gave thieno[2,3-d]pyrimidine (71) in a 
one-step process in 75 % yield.29 Compound (69) reacted 
with carbon disulfide in pyridine to afford thieno[2,3-
d]pyrimidin-2,4-dithione (72) which could be alkylated with 
methyl iodide in the presence of sodium hydroxide and gave 
compound (73) in 81 % yield (Scheme 21).  

 

 

 

 

 

 

 

 

 

Scheme 21.  
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From ethyl 2-aminothiophene-3-carboxylate 

Li et al.30 prepared thieno[2,3-d]pyrimidine derivative 
(74) by reaction of 2-aminobenzo[b]thiophene-3-carbonitrile 
(75) with benzoyl isothiocyanate to give N-((6-(tert-butyl)-
3-cyano-4,5,6,7-tetrahydrobenzo[b]thiophen-2-yl)carbamo-
yl)benzamide (76) which reacted with ethyl bromoacetate in 
ethanol in the presence of sodium hydroxide as white crystal 
in yield 57 % (Scheme 22).  

 

 

 

 

 

 

 

Scheme 22.  

2-Aryl-4Н-naphtho[2',3':4,5]thieno[2,3-d][1,3]oxazine-
4,5,10-triones (77а-d) allowed to get 2-aryl-
naphtho[2',3',4,5]thieno[2,3-d][1,3]pyrimidine-4,5,10(3Н)-
triones (78а-d) easily. Pyrimidine triones were obtained in 
78 % yield in the reaction of oxazinetriones with ammonium 
hydroxide in ethanol without the isolation of intermediate 
compounds  which were transformed by 5 % solution KOH 
during 1 h (Scheme 23). 

 

 

 

 

 

 

 

 

Scheme 23.  

The interaction of ethyl acetoacetate with ethyl 
cyanoacetate and elementary sulfur in ethanol medium and 
in the presence of diethylamine led to diethyl 5-amino-3-
methylthiophene-2,4-dicarboxylate.29 The hydrazide (80) 
obtained by refluxing of ethyl carboxylate (79) with 
hydrazine hydrate in ethanol compound (80) was treated 
with carbon disulfide to afford the 3-amino-6-carboxyethyl-
5-methyl-2-thioxothieno[2,3-d]pyrimidin-4-one (81) in 
68 %yield (Scheme 24).31 

 

 

 

 

 

 

Scheme 24.  

Nitin G. Haswani et al..32 reported the synthesis of 2-
aminothiophene-3-carboxylate (82) according to Gewald 
method and the product was subjected to react with nitriles 
in the presence of HCl gas to afford thienopyrimidine (83) 
in 98 % yield (Scheme 25). 

 

 

 

 

 

 

 

Scheme 25. 

From 2-aminoindeno[2,1-b]thiophene-3-carboxylic amide  

Cyano acetamide was reacted with acetaldehyde in the 
presence of sulfur and triethylamine according to Gewald 
method in ethanol to give 2-aminothiophene-3-carboxamide 
(84) which reacted with chloroacetyl chloride to give the 
intermediate chloroacetyl derivative (85). 

 

 

 

 

 

 

Scheme 26. 
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The chloroacetyl derivative was cyclized with concd. HCl 
in ethanol producing thieno[2,3-d]pyrimidine (86) in 78 % 
yield (Scheme 26).33 

The reaction of 2-aminothiophene-3-carboxamide (87) 
with benzoyl isothiocyanate in acetone afforded the 
corresponding [N-benzoyl(thiocarbamoyl)]-aminothiophene 
derivative (88) in 67 % yield. The isolated compound (88) 
was hydrolyzed to yield the corresponding thiourea (89). In 
the accomplishment of the cyclodesulfurization by use of a 
heavy metal salt, compound (89) was added to a suspension 
of a slight excess of the metal salt in aqueous sodium 
hydroxide to give thieno[2,3-d]pyrimidine (90) in 97 % 
yield (Scheme 27).34  

 

 

 

 

 

 

 

 

 

 

 

Scheme 27. 

On the other hand, 2-amino-5-benzyl-4,5,6,7-
tetrahydrothieno[3,2-c]pyridine-3-carboxamide (91) was 
condensed with aromatic aldehydes in ethanol in the 
presence of concd. HCl affording 6-benzyl-2-phenyl(or 4-
chlorophenyl)-5,6,7,8-tetrahydropyridothieno[2,3-d]pyrimi-
dine-4(4H)-ones (92a-b) in 70 % and 78 % yield, 
respectively.35 Compounds 92a-b were reacted with 
phosphorus oxychloride to give 4-chloro derivatives (93a-b) 
in 90 % and 70 % yields, respectively (Scheme 28).  

 

 

 

 

 

 

Scheme 28. 

2-Aminoindeno[2,1-b]thiophene-3-carboxylic acid amide 
(94)36 was cyclized with butyraldehyde and benzoyl chloride 
to afford 2-propyl-3,9-dihydroindeno[1',2':4,5]thieno[2,3-
d]pyrimidin-4-one (95) and 2-phenyl-3,9-
dihydroindeno[1',2':4,5]thieno[2,3-d] pyrimidin-4-one (96) 
in 85 % yield and 62 % yields, respectively. Moreover, 
treatment of compound 94 with ethyl chloroformate in dry 
dioxane under reflux afforded not only to the cyclized 
thieno[2,3-d]pyrimidindione derivative (97) but also gave 
(3-carbamoyl-8H-indeno[2,1-b]thiophen-2-yl)carbamic acid 
ethyl ester (98) as well. Refluxing compound 98 in dry 
pyridine or compound 94 with ethyl chloroformate in dry 
pyridine gave in both cases the same product, 1,3,9-
trihydroindeno[1',2':4,5]thieno[2,3-d] pyrimidine-2,4-dione 
(97) in 69 % yield. The pyrimidinedione (97) could be 
formed via the formation of compound 98, which was 
isolated and cyclized by refluxing that in pyridine to 
thieno[2,3-d]pyrimidinedione (97) (Scheme 29). 

 

 

 

 

 

 

 

 

 

 

Scheme 29. 

2-Aminobenzo[b]thiophene-3-carboxamide (99a-b) 
reacted with propargyl bromide or with allyl bromide in 
DMF in the presence of K2CO3 to give 2-(prop-2-yn-1-
ylthio)benzothieno[2,3-d]pyrimidinone (100a) or 2-
(allylthio)benzothieno[2,3-d] pyrimidinone derivatives 
(100b) in yield 60 % and 64 %, respectively (Scheme 30).37 

 

 

 

 

 

 

 

Scheme 30. 
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N-(3-Cyano-4,5,6,7-tetrahydro-benzo[b]thiophen-2-yl)-
acetimidic acid ethyl ester and (Z)-ethyl N-3-cyano-4,5,6,7-
tetrahydrobenzo[b]thiophen-2-ylpropionimidate (101a,b) 
were reacted with hydrazine hydrate in ethanol to give 4-
iminobenzothieno[2,3-d]pyrimidin-3[4H]-amine and 2-
ethyl-4-iminobenzothieno[2,3-d] pyrimidin-3[4H]-amine 
(102a,b) in 77 % and 65 % yield, respectively (Scheme 
31).38 

 

 

 

 

 

Scheme 31. 

B) Starting from pyrimidine ring and building thiophene ring 

on it 

From 4-Oxo-6-phenyl-2-thioxo-1,2,3,4-tetrahydro pyrimidine-

5-carbonitrile 

4-Oxo-6-phenyl-2-thioxo-1,2,3,4-tetrahydropyrimidine-5-
carbo-nitrile (103)39 was alkylated and gave 2-
ethylmercapto-4-oxo-6-phenyl-3,4-dihydropyrimidine-5-
carbonitrile (104). Compound 104 was converted into 2-
ethylmercapto-4-chloro-6-phenyl-3,4-dihydropyrimidine-5-
carbonitrile (105) using phosphorus oxychloride.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Scheme 32. 

Compound 105 was converted into 2-ethylmercapto-4-
mercapto-6-phenylpyrimidine-5-carbonitrile (106) via 
reaction with thiourea in refluxed ethanol followed by 
treatment with sodium hydroxide solution and then acidified 
with dilute HCl. When compound 106 reacted with α-halo 
carbonyl compounds in ethanol in the presence of sodium 
acetate, alkylation of mercapto group was occurred to afford 
compounds 107a-e. Compounds 107a-e were undergone 
Thorpe-Ziegler cyclization reaction in ethanol in the 
presence of potassium carbonate and afforded compounds 
108a-e in 62 %, 65 %, 70 %, 50 % and 40 % yield, 
respectively (Scheme 32).40,41 

From 1,3-dimethyluracil derivatives 

6-Chloro-5-cyano-1,3-dimethyluracil (109) prepared from 
the formyluracil in two steps,42 was cyclized to 5-
aminothieno[2,3-d]pyrimidine (110) on heating with ethyl 2-
mercaptoacetate in the presence of sodium carbonate. 6-
Mercaptouracil (111)43 was allowed to react with 
chloroacetaldehyde in the presence of sodium acetate at 
room temperature to give the thieno[2,3-d] pyrimidine (112) 
(Scheme 33).44 

 

 

 

 

 

 

 

 

 

 

Scheme 33. 

From 5-cyano-1,6-dihydro-4-methyl-2-phenyl-6-

thioxopyrimidine 

5-Cyano-1,6-dihydro-4-methyl-2-phenyl-6-
thioxopyrimidine (113) was prepared by treating benzoyl 
isothiocyanate with 3-aminocrotononitrile in refluxing 
dioxane.45,46 Cyclization of thioxopyrimidine (113) with 
ethyl chloroacetate (114) in DMF in the presence of excess 
anhydrous potassium carbonate at room temperature gave 
the ethyl 5-amino-4-methyl-2-phenylthieno[2,3-
d]pyrimidine-6-carboxylate (115) in 92 % yield (Scheme 
34).  

Treatment of compound 115 with 2,5-
dimethoxytetrahydrofuran in glacial acetic acid produced 
the ethyl 5-(1-pyrrolyl)-4-methyl-2-phenylthieno[2,3-
d]pyrimidine-6-carboxylate (116), which reacted with an 
excess of 85 % hydrazine hydrate in refluxing ethanol to 
give the corresponding 5-(1-pyrrolyl)-4-methyl-2-
phenylthieno[2,3-d]pyrimidine carbohydrazide (117). 
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Scheme 34. 

The carbohydrazide (117) was used as a key intermediate 
for the synthesis of novel 1,3,4-oxadiazole-thieno[2,3-
d]pyrimidine derivatives. Cyclization of carbohydrazide 
(117) with CS2 in the presence of pyridine afforded the 6-
(2,3-dihydro-2-mercapto-1,3,4-oxadiazol-5-yl)-4-methyl-5-
(1-pyrrolyl)-2-phenylthieno[2,3-d]pyri-midine (118).  

 

 

 

 

 

 

 

 

 

 

 

 

 

Scheme 35. 

Its reaction with iodomethane in the presence of sodium 
methoxide yielded the 6-(2-methylthio-1,3,4-oxadiazol-5-
yl)-4-methyl-5-(1-pyrrolyl)-2-phenylthieno[2,3-d]pyrimidi-
ne (119) (84 % yield) (Scheme 34). On the other hand, some 
novel 6-(2-substituted-1,3,4-oxadiazol-5-yl)-4-methyl-5-(1-
pyrrolyl)-2-phe-nylthieno[2,3-d]pyrimidine derivatives (120, 
121 and 122) were also obtained by the condensation 
reaction of compound (119) with morpholine, 1,2,3,4-
tetrahydro quinoline and 1-(2-pyrimidyl) piperazine in 90, 
56 and 58 % yield, respectively (Scheme 35).47 

From 4,6-dichloro-5-formyl pyrimidine 

The reaction of ethyl-2-mercaptoacetate with 4,6-
dichloro-5-formyl pyrimidine (123) gave the compound 124 
in 22 % yield, which was reacted with aqueous ammonia at 
high temperature to afford 2,4-diaminothienopyrimidine 
(125) in 82 % yield.48 The Suzuki cross-coupling reaction of 
compound 124 with commercially available boronic acid 
derivatives gave 4-aryl-2-aminopyrimidines.49 
Saponification of the ethyl ester (126) gave the 
corresponding acid 127, which was coupled with  
ethylamine hydrochloride in the presence of HATU to give 
ethyl amide (128) in 72 % yield (Scheme 36).50 

 

 

 

 

 

 

 

 

 

 

 

Scheme 36.  

CONCLUSION 

From the literature survey, thienopyrimidine derivatives 
were proved to be very important compounds with extensive 
biological activities which can use in treatment of many 
diseases.  
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On the other hand, thienopyrimidines derivatives have a 
lot of synthesis methods starting from thiophene ring but 
only several methods from pyrimidine ring containing 
compounds.  
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DEVELOPING ETHYLENE-PROPYLENE-DIENE BLENDS FOR 

INDUSTRIAL APPLICATIONS 

Ebtesam E. Ateia,[a]  D. E. El-Nashar,[b] E.Takla[a] M. Abd Alla Mahmoud[a] 

Keywords: Black filler; white filler; swelling measurements; mechanical properties; physico-chemical properties.   

Different contents of high abrasion furnace black filler [HAF] and white filler [silica are mixed with ethylene-propylene-
diene monomer rubber [EPDM] cured by the conventional sulfur system. The thermogravimetric analysis (TGA) 
characteristics, physico-mechanical properties and swelling measurements of the prepared samples have been  investigated. 
EDAX analyses were done to define the chemical composition of the investigated samples and to locate the dispersion of the 
fillers and theirs intensity.  Comparison of the black and white fillers was performed and it was found that filler incorporation 
into the rubber matrix was one of the major parameters that enhanced the tensile strength and swelling resistance. The 
hardness of the investigated samples increased with increasing the filler concentration up to 40/60 phr (part per hundred parts 
of rubber). This increase can be attributed to greater and more uniform dispersion of filler into the rubber system.  
Carbon/silica are extensively used in the industry as cheapening filler with high reinforcing effect. Finally, the addition of 
precipitated silica at the expanse of toxic carbon black (CB) is the main step in decreasing the health risk associated with the 
presence of CB-filled EPDM composites.  
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Introduction 

Ethylene-propylene-diene rubber (EPDM) is one of the 
most widely used synthetic elastomer, having both special 
and general-purpose applications. Fillers are incorporated 
into ethylene-propylene-diene polymer mainly to enhance 
service properties and in many cases to decrease the material 
cost. In most applications, carbon black (CB) and silica have 
been used as the main reinforcing fillers that increase the 
effectiveness of rubber. When carbon black (CB) is added 
into rubber, the tensile strength, tear strength, modulus and 
abrasion resistance are increased.1 However, silica provides 
a unique combination of tear strength, abrasion resistance, 
aging resistance and adhesion properties.2,3 Since silica and 
carbon black have unique advantages, the utilization of 
hybrid filler of silica and carbon black in rubber should give 
the benefits of both fillers. The addition of precipitated silica 
in CB-filled rubber can be applied to tire treads, wire and 
fabric coating, hoses, rubber-covered belts, engine mounts 
and cable jackets.4,5 The effect of filler ratio on the physico-
chemical and mechanical properties of EPDM has been 
studied to develop and characterize an applicable rubber 
with good mechanical properties and low cost.  

Experimental 

All rubber ingredients were mixed with each other as that 
was mentioned in our previous work.6 The tensile strength, 
elongation at break, Young’s modulus and modulus at 100 

% and 200 % were determined using a Zwick tensile 
machine (model 1425).7 Hardness was measured using the 
Shore A, durometer according to D2240-07; Equilibrium 
swelling of the investigated samples was carried out in 
toluene. The swelling percentage (Q %) of the samples was 
calculated by using the following equation.8 

 

  

          (1) 

 

where W and W' represent the weights of the samples after 
swelling and free from dissolved matter respectively.  

The swelling data were utilized to determine the 
molecular weight between cross-links MC by applying 
Flory–Rehner relation.9,10 The degree of cross-linking 
density () is given as:9 

 

          (2) 

 

Results and Discussion 

The TGA curves obtained for the investigated 

samples made with using carbon black and silica can be 

seen in Figure 1 and the calculated parameters are given in 

Table 1. The obtained TGA curves indicate three stages of 

degradation process. In the temperature range from room 

temperature to 250 °C there was no observed change in the  

weight of samples while above 250 °C a slow degradation 

could be observed up to 350 °C. Above 350 °C, the 

decomposition rate is high, which shows the decomposition 

of organic polymeric materials. 
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Figure 1. Thermogravimetric analysis curves for (a)   EPDM            
without filler (b) 100 carbon / zero silica (c) zero Carbon/100 
silica (d) 40 carbon / 60 silica  

 

It is clear that the thermal stability of EPDM samples 
increased with increasing filler loading especially in the case 
of carbon black (CB). This can be due to the existence of C-
C bonds with high binding energy. This approves the ability 
of CB in retarding the heat diffusion into EPDM matrix. 
However, the lowest thermal stability is obtained for EPDM 
loaded with 100 phr (phr: part per hundred parts of rubber),  
silica.  This can be attributed to the lower binding energy of 
Si-C bonds compare to binding energy of C-C bond (346 kJ 
mol-1).11  

The DTG curves have only one degradation peak, 
corresponding to maximum weight losses of the investigated 
samples. The obtained data agrees well with the previous 
discussion.  

DSC data (Table 1) provided information concerning the 
change of enthalpy associated with a physical or chemical 
change within a material. 

The conventional Field Emission Scanning Electron 
Microscopy (FESEM) was used to provide information 
about the morphology of the investigated samples. This 
method provided detailed information about the size and 
distribution of fillers and then the filler-rubber interactions 
as well.12 .Figure 2. represents the FESEM for the EPDM 
without filler, 100CB/0 silica and the samples loaded with 
the optimum concentrations of carbon black and white silica 
of 40/60 phr respectively. It is clear that the cracks and 
vicinity were the main features of the EPDM without filler 
as shown in Fig.2a. Heavy agglomerations of carbon black 
were observed for EPDM loaded  with 100CB/0 silica (Fig. 
2b), which could be attributed to filler–filler interaction 
networking. The surface of 40 CB/60 silica containing 
samples was improved and became smoother due to the 
uniform dispersion of optimum filler concentration as shown 
in Fig.2c. A good dispersion of the silica filler in the rubber 
matrix13 reduced the filler –filler interaction and increased 
the rubber –filler interaction.14 

EDAX analyses were done to define the chemical 
composition of the investigated samples and to locate the 
dispersion of the filler and its intensity.  EDAX analyses of 
the typical samples are given as inset in Fig. 2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. The FESEM images of (a) EPDM without filler (b) 100 
carbon / zero silica (c) EPDM loaded with the optimum 
concentrations of carbon black and white silica respectively. Inset 
figures show EDAX analyses of the investigated samples. 
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Table 1. DSC and TGA parameters for the investigated samples. 

Table 2. Rheological parameters of EPDM filled with different concentrations of carbon black and silica. 

Table 3. Swelling characteristics of EPDM filled with HAF black and Silica. 

CB/silica content Soluble fraction, ∆M% The crosslink density, νEANC×1020 1/Q Qf/Qg 

0/0 203.7 1.454 0.441 0 

100/0 101.2 6.087 0.901 0.489 

80/20 86.8 11.836 1.318 0.334 

60/40 96.6 17.471 1.686 0.261 

40/60 95.8 38.323 3.003 0.147 

20/80 103.8 23.573 2.070 0.213 

0/100 135.8 18.640 1.761 0.250 

 

The rheological features of the EPDM filled with HAF 
and silica are given in Table 2. The minimum torque ML, 
which reflects minimum viscosity of the blends can be taken 
as a measuring tool of filler-filler interaggregate formation.15 
MH is the maximum torque which reveals the cross-linking 
density of the loaded samples. The table shows that ML 
values were gradually increased with increasing silica 
content (decreasing carbon black) up to a ratio of 40/60 phr 
of carbon black and silica respectively. On the other hand, 
MH values were increased with larger rates than ML values 
up to the same ratio of 40/60 phr then the values were 
decreased. This behavior was observed due to the presence 
of the fillers in the investigated samples which reduced the 
mobility of macromoleculars and accordingly increased the 
torque of the vulcanizates up to optimum content.16 This 
increase was the consequence of the creation of hydrogen 
bonds induced strong interactions between rubber and filler 
materials.17 The difference between MH and ML was a rough 
estimation possibility of the crosslinking density of the 
prepared samples and it was identified as Δt. It nearly 
increased with increasing filler content. However, among 
the EPDM filled samples, the carbon/silica filler ratio 40/60 
showed the highest Δt. This was an indication of the 
enhancement in the filler- filler interaction. The obtained 
data showed that the scorch time TS2 of the samples 
increased with increasing silica content up to the optimum 
ratio of 40/60 phr of filler content. This was because of the 
absorption of the accelerator by silanol groups on the silica 

surface.  The change in rheometric torque with filler content 
was used to distinguish the filler-matrix interaction or 
reinforcement. The reinforcement factor f is determined 
from the following relation:18 

 

          (3)  

 

where Lmax(filled) and Lmax(gum) are the variations in 
maximum torque through vulcanization for the filled and 
gum samples, respectively. 

From the f values listed in Table 2, it is clear that the 
values of f for both HAF and silica are continuously 
increasing with the addition of both white and black fillers.  

The effect of carbon black and white silica filler on 
mechanical parameters  such as tensile strength σ (MPa), 
elongation at break εbreak% , Young's modulus E (MPa) and 
the hardness shore (A), modulus at 100% and 200 % of 
ethylene-propylene-diene (EPDM) polymers are shown in 
Figure 3.  

Samples Weight loss DTG peak temp., °C  H J g-1 Thermal stability temp, °C Tg, °C 

0 CB /0 silica % 448  4.066 461 -19.8  

100CB /zero silica 49.44 % 586  0.2557 766 --69.2 

0 CB / 100silica 47.866 % 475  3.260 496 -57.29 

40 CB /60 silica 37.815% 507  0.9721 604 -70.5  

Properties CB/silica 

content 
f Δt=(MH-ML)(1b.in) CRI (min-1) tS2 (min) tC90 (min) MH (1b.in) ML (1b.in) 

0.0 36 25 3 7 41 5 0/0 

0.44 51 33.33 6 9 59 8 100/0 

0.73 60 40 8.5 11 71 11 80/20 

1.07 72 50 12 14 85 13 60/40 

1.20 74 66.67 14.5 16 90 16 40/60 

1.09 73 33.33 10 13 86 11 20/80 

1.02 73 28.58 6.5 10 83 10 0/100 

 max max

f

max
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Figure 3. he variation of (a) Tensile strength σ (MPa), (b) 
Elongation at break εbreak%, (c) Young's modulus E (MPa), (d) 
The Hardness test, Shore A, (e) Modulus at 100%  (MPa), and (f) 
Modulus at 200% (MPa) with the filler content X (phr), for EPDM 
filled with HAF and silica. 

As it could be seen from Fig.3, all the investigated 
mechanical parameters slightly increased with increasing 
silica content up till 60 phr then decrease. This behavior can 
be attributed to greater and uniform dispersion of the filler 
in the rubber matrix. Strong rubber-filler interaction 
increases the effectiveness of the stress transferred from 
rubber matrix to filler particles dispersed in the rubber 
matrix.19 Therefore, the increase in silica content leading to 
increasing the silica/carbon interaction and hence a decrease 
in silica-silica or carbon-carbon interaction. On the other 
hand as the filler concentration increases (60), the filler 
particles tend to agglomerate.20 

This agglomeration led to the poor dispersion of the filler 
in the rubber matrix. These inherent defects acted as stress 
concentration points and accordingly decreased the tensile 
strength, hardness of the samples. The obtained data 
recommended that the samples loaded with the critical 
concentration of 40 CB/60 silica possess the most promising 
mechanical properties.   

The percentage increase in weight due to swelling in 
toluene for all the investigated samples is plotted against the 
square root of time (min) as shown in Fig. 4. The early 
linearity was found due to the large concentration gradient 
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of solvent in the samples. The stability of the curve meant 
that the rubber samples extraction or degradation of its 
soluble ingredients was extremely small. It was obvious that 
the swelling rate of CB filled EPDM samples were deceased 
higher than in case of the silica filled system.  

The increase of the swelling rate in silica filled samples 
was the consequence of the filler aggregate formation in the 
rubber matrix. The precipitated silica possessing many 
hydroxyl groups on its surface and as a result, the 
intermolecular hydrogen bonds between hydroxyl groups 
were very strong. Hence it aggregated tightly as that was 
confirmed by  FESEM results.  

 

 

 

 

 

 

 

 

Figure 4. Solvent uptake percent versus square root of time for 
EPDM filled with HAF black and silica. 

In general, the rubber swelling is influenced by numerous 
factors, such as density and crosslinking type, amount and 
type of elastomer and type of filler. The effect of interaction 
between rubber and the filler blend can be investigated and 
calculated using Lorenz and Parks equation 21, 22.  

 

          (4)  

 

The subscripts f and g in Eq. 4 denote to the filled and 
unfilled rubber vulcanizates respectively, z is the ratio by 
weight of filler in the vulcanizate, while a and b are 
constants.  

The obtained values of Qf/Qg and 1/Q are presented in 
Table 3. The obtained data shows that the values of Qf/Qg 

decrease while the values of 1/Q increase with the 
increasing carbon black content up to the optimum 
concentration 40/60 phr. Moreover, the lowest values of 
Qf/Qg and the highest ones for 1/Q designate that, the higher 
the filler content, the stronger the rubber-filler interaction 23. 
Finally, the obtained data indicates that 40 CB/ 60 silica was 
capable of producing greater rubber–filler interaction 
compared to each of CB and silica separately. This was due 
to the more homogeneous dispersion of 40 CB/60 silica 
within the rubber matrix as confirmed by the morphological 
study. The calculated cross-links density  (as shown in 
Table 3) confirmed the previous discussion.24   

The dependence of maximum weight change and cross-
linking density with filler concentration for the investigated 
samples can be seen in Fig.5. As it can be seen from the 
figure, the lowest swelling rate is obtained for samples 
loaded with the optimum filler concentration 40 CB/60 
silica, which agreed well with the calculated data gave in 
Table 3.  

 

 

 

 

 

a) 

 

 

 

 

 

 

Figure 5. The dependence of maximum weight change(a) and 
cross linking density (b) with filler concentration for the 
investigated samples. 

Conclusion 

A significant enhancement of the property of the 

investigated EPDM samples by the addition of fillers could 

be  achieved. Comparison of silica and carbon black 

additives demonstrated that carbon enhanced the thermal 

stability of EPDM. TGA studies revealed that the thermal 

stability of the investigated samples increased due to the 

incorporation of carbon black into the EDPM. The filler 

ratio 40 CB/60 silica appeared to be an excellent candidate 

for thread application to accomplish an overall good 

mechanical and physicochemical properties.  
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ENERGY CHARACTERISTICS OF HYDROCARBON - WATER 

FUEL MIXTURES 

G. A. Korablev[a] and N. V. Khokhriakov[a] 

Keywords: Spatial-energy parameter, cluster water nanostructures, high energy bonds. 

The consistent calculations of bond energy in cluster water nanostructures have been performed following the P-parameter methodology 

and quantum-mechanical methods. The formation of high energy bonds in the process of hydrocarbon hydrogen containing fuel preparation 

has been explained. 
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Introduction 

Water plays an ambiguous role in of hydrocarbon fuels of 
internal combustion engines. On the one hand, simple 
dilution of petroleum or diesel fuel with water can 
significantly deteriorate fuel characteristics of the mixture. 
The water containing fuels1 can have the potential energy of 
1/3 from energy unit of petroleum, and nevertheless the 
engines produce the same power as with the additional 
amount of petroleum by the mass equal to the mass of water 
added.. Specificity of technological processes is ultimately 
defined by the mechanism of physic-chemical 
transformations occurring on the atom-molecular level. In 
this investigation, their possible evaluations are studied 
based on the concept of spatial energy parameter (Р-
parameter). 

Formation of high energy bonds in fuel mixtures  

Practical use of hydrogen containing fuel is possible only 
if a number of conditions are fulfilled:  

The introduction of complex additives into the fuel, with 
alcohols such as ethanol and so-called “hydrogen catalyst” 
content having the primary meaning.1 Such additives are 
mixed following the special technique – first, by separate 
fractions, and in the end, all the mixture is intensively stirred 
by a hydraulic cutting pump (hydraulic shears). “Hydrogen 
catalyst” contributes to active dissociation of water 
molecules with the formation of hydrogen and oxygen 
which burn in the engine chamber afterward.    

But is not clear how during such a short combustion time 
of the given amount of mixture introduced into the chamber, 
water dissociation in this volume and burning of its products 

can take place. Moreover, as a result of water dissociation 
by the reaction Н2О=Н++ОН– the direct oxygen release is 
not observed. Obviously, other important mechanisms of 
physico-chemical transformation of energy are involved. For 
instance, whose potential energy increases due to the 
formation of special high energy bonds. It is possible that 
similar processes take place during the formation of burning 
mixture. This is aided by the introduction of alcohols (up to 
20 %) into the fuel mixture that results in the formation of 
fullerene, for example, С60(ОН)10. High energy bonds 
formed in the systems С60(ОН–)–n(Н2О) due to the 
introduction of “hydrogen catalyst” into the mixture.    

Similar to АТP hydrolysis which is accompanied by the 
release of chemical bond energy, the breakage of high 
energy bonds releases heat in containing fuel when it is 
burning in the engine chamber. The physico-chemical 
mechanism of the formation of energy saturated bonds in 
this system is given below.  

Investigation technique  

The value of the relative difference of P-parameters of 
interacting atom-components – coefficient of structural 
interaction α was used as the main numerical characteristic 
of structural interactions in condensed media:2  

 

          (1) 

  

Applying the reliable experimental data, we obtain the 
nomogram of the dependence degree of structural 
interactions upon coefficient α – unified for the wide range 
of structures. This approach allows evaluating the degree 
and of structural interactions of phase formation, 
isomorphism and solubility processes in multiple systems, 
including molecular ones. In particular, the features of 
cluster formation in the system СаSO4 – H2O have been 
investigated.3 
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Table 1. Р-parameters of atoms calculated via the electron bond energy 

Atom Valence electrons W, eV ri,  Å q2
, eV Å Р0, eV Å R, Å РE=Р0/R, eV 

Н 

H 

C 

C 

C 

C 

C 

С 

С 

O 

O 

O 

O 

1S1 

1S1 

2P1 

2P1 

2P2 

2S1 

2S2 

2S2+2P2 

1/2(2S2+2P2) 

2P1 

2P2 

2P2 

2P4 

13.595 

 

11.792 

 

11.792 

19.201 

 

 

 

17.195 

17.195 

 

17.195 

0.5295 

 

0.596 

 

0.596 

0.620 

 

 

 

0.4135 

0.4135 

 

0.4135 

14.394 

 

35.395 

 

35.395 

37.240 

 

 

 

71.383 

71.383 

 

71.383 

4.7985 

 

5.8680 

 

10.061 

9.0209 

14.524 

24.585 

 

4.663 

11.858 

 

20.338 

0.5295 

0.28 

0.77 

0.69 

0.77 

0.77 

0.77 

0.77 

 

0.66 

0.66 

0.59 

0.66 

9.0624 

17.137 

7.6208 

8.5043 

13.066 

11.715 

18.862 

31.929 

15.964 

9.7979 

17.967 

20.048 

30.815 

 

To evaluate the directness and degree of phase formation 
processes1 the following equations are used:  

 

           (21) 

 

Initial values of P-parameters:  

 

           (3) 

 

          (4) 

 

where:  

 Wi   – electron orbital energy;4  

 ri – orbital radius of i orbital;5  

 q = Z /n – by6,7  

 ni  – number of electrons in the given orbital,  

 Z*  and n*  – effective nucleus charge and effective 
 main quantum number.  

 Р0 is called as spatial energy parameter, and  

 РE – effective Р-parameter. 

The calculation results by equations2,3,4 for a number of 
elements are given in Table 1, from which it is seen that for 
hydrogen atom the values of РE – parameters substantially 
differ at the distance of orbital (ri) and covalent (R) radii. 
The hybridization of valence orbitals of carbon atom is 
evaluated as the averaged value of P-parameters of 2S2 and 
2P2- orbitals.  

Values of Рс-parameter in binary and complex structures:    

 

          (5) 

where N – number of homogeneous atoms in each 
subsystem.  

The results of such calculations for some systems are 
given in Table 2.  

Bond energy (Е) in binary and more complex systems:  

    

           (6) 

 

where (as applicable to cluster systems) k1 and k2 – number 
of subsystems forming the cluster system; N1 and N2 – 
number of homogeneous clusters.7 So for С60(OH)10        k1 = 
60,  k2 =10. 

Calculations and comparisons  

It was assumed that structural-stable water cluster could 
have the same static number of subsystems (k) as the 
number of subsystems in the system interacting with it.8 For 
example, the water cluster (H2O)10 is interacting with 
fullerene [С6OH]10. 

Similarly with cluster [C6OH]10 the formation of the 
cluster [(C2H5OH)6 – H2O]10 is apparently possible, which 
corresponds to the system (С2H5OH)60 – (H2O)10. The 
interaction of water clusters was considered as the 
interaction of subsystems   (H2O)60 – N(H2O)60. 

Based on such concepts, the bond energies in these 
systems are calculated by equation 6, the results are given in 
Table 3. To compare, the calculation data obtained by 
Khokhriakov N.V. with quantum-chemical techniques10 are 
also given. 

Both techniques produce consistent values of bond energy 
(in eV). Besides, the methodology of Р-parameter allows 
explaining why the energy of cluster bonds of water 
molecules with fullerene С60(OH)10 2 times exceed the bond 
energy between the molecules of cluster water (Table 3). 
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Table 2. Structural Рс-parameters 

Radicals, 

molecules 

Р1, eV Р2,  eV Р3,  eV Р4,  eV Рс, eV Orbitals of 

oxygen atom 

OH 

OH 

H2O 

H2O 

C2H5OH 

17.967 

9.7979 

2 17.138 

2 9.0624 

2 15.964 

17.137 

9.0624 

17.967 

17.967 

2 9.0624 

 

 

 

 

9.7979 

 

 

 

 

9.0624 

8.7712 

4.7080 

11.788 

9.0226 

3.7622 

2P2 

2P1 

2P2 

2P2 

2P1 

 

Table 3. Calculation of bond energy – Е, eV 

System С60 (OH)10 (H2O)10 PЕ, eV  Е, eV 

Р1/k1 Р2/k2 Р3/k3 n3 From eqn. (6) 

 

From quantum-

mechanical calcn. 

С60(OH)10 –N(H2O)10 15.964/60 8.7712/10 11.788/10 1 

2 

3 

4 

5 

0.174 

0.188 

0.193 

0.196 

0.197 

0.176 

0.209 

0.218 

0.212 

0.204 

(H2O)60 –N(H2O)60 9.0226/60 9.0226/60  n2   

1 

2 

3 

4    5 

0.0768 

0.1020 

0.1128 

0.1203 

0.1274 

0.0863 

0.1032 

0.1101 

0.1110 

0.115 

(С2H5OH)60 –(H2O)10 3.7622/60 9.0226/10  0.0586 0.0607 

(С2H5OH)10 –(H2O)60 3.7622/10 9.0226/60  0.1074  0.116 

 

Table 4. Spatial-energy interactions in the system H-R, where R= C, (OH), H2O 

System P1, eV P2, eV =100P/<P> Spatial bond type  

H-C 

H-OH 

H-H2O 

17.137 

9.0624 

9.0624 

15.964 

8.7712 

9.0226 

7.09 

3.27 

0.44 

Covalent  

Orbital 

Orbital 

 

In accordance with the nomogram, the phase formation of 
structures can take place only if the relative difference of 
their P-parameters () is under 25-30 %, and the most stable 
structures are formed when  < 6-7 %. 

In Table 4 different values of coefficient  in systems H-
C, H-OH and H-H2O are given, which are within 0.44 – 7.09 
(%). The interactions at the distances of covalent radii have 
been taken into account in the system H-C for carbon and 
hydrogen atoms, while for other systems – at the distance of 
orbital radius.  

The interaction in system Н-С at the distances of covalent 
radius plays a role of fermentative action, which results in 
the transition of dimensional characteristics in water 
molecules from the orbital radius to the covalent one and 
formation of system С60(ОН)10 — N(H2O)10 with bond 
energy between the main components 2 times greater than 
between the water molecules (high energy bonds). 

Thus, broad capabilities of water clusters to change their 
spatial-energy characteristics apparently explain all the 
diversity of structural properties of water in its different 
modifications, including the formation of high energy bonds 
in water containing fuel for internal combustion engines.    

Conclusions 

Results of bond energy calculations in water cluster 
nanostructures following the P-parameter methodology 
agree with quantum-mechanical methods.   

Changes which can take place in spatial-energy 
characteristics of water clusters explain the formation of 
high energy bonds in the process of hydrocarbon fuel 
preparation.  
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The breaking of these bonds with the release of an 
additional amount of heat energy occurs in the combustion 
chamber.  
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A composite of CdS and ZnS was prepared by simple solid state mechanochemical method and it was used for photocatalytic degradation 

of Evan’s blue. The photocatalytic efficiency of CdS-ZnS composite was compared with pure CdS and ZnS. The effect of various 

parameters such as pH, the concentration of dye, amount of semiconductor and light intensity was observed. The optimum conditions 

obtained for this degradation were: Evan’s blue = 1.3 × 10‾5 M, pH = 5.5, amount of composite = 0.12 g and light intensity = 50.0 

mWcm‾2. It was found that coupled chalcogenide CdS - ZnS shows better photocatalytic activity as compared with pure CdS and ZnS for 

the degradation of Evan’s blue in the presence of visible light. 
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Introduction 

Industrial activities have introduced large quantities of 
chemicals in the environment causing potential harm to the 
ecosystem. Among pollutants, dyes are one of the major 
sources of environmental contamination. As the 
international environmental standards are becoming more 
stringent, many research studies have focused their attention 
on the treatment of waste water. Although there are various 
techniques available to remove or degrade these pollutants 
like adsorption, air stripping, biological methods, various 
oxidation processes, etc., each one has its advantage and 
limitations. Recently, photocatalytic treatment of waste 
water has gained much attention, because it provides an eco-
friendly pathway for removal of such pollutants.  

 Beydoun et al.1 reported that photocatalysis (an advanced 
oxidation process) provides a highly improved, eco-friendly, 
efficient, sustainable, and affordable solution to wastewater 
treatment to get fresh water demands of the future 
generation. Gaya and Abdullah2 reported that heterogeneous 
photocatalysis via various metal oxides was found to be an 
effective way which adequately addresses many of the water 
quality issues. ZnS is an important II-VI semiconductor with 
wide band gap 3.7 eV. The wide band gap semiconductors 
are ideal as photocatalysts due to rapid electron-hole pair 
generation by photo-excitation3,4. ZnS also attracted 
attention in fields of photoconductors, photocatalysts, 
optical sensors  and electroluminescent materials5 

Patil et al.6 prepared ZnS-graphene composite by 
microwave irradiation method.  The composite is used as a 
photocatalyst in degradation of methylene blue with 
irradiation by 663 nm light. Under the same conditions, the 
photocatalytic activity of the pure ZnS was also studied. The 
ZnS-GNS composite was found to enhance the rate of 
photodegradation of methylene blue as compared to ZnS 
alone. 

Degradation of dyes is a popular method to check the 
photocatalytic activity of different type of photocatalyst. 
Sharma et al.7 reported that Bromophenol blue, Crystal 
violet and Reactive red were successfully photo-reduced 
using thioglycerol capped and uncapped ZnS nanoparticles 
after 3.0 h of irradiation. Since the photocatalytic activity 
depends on the generation of electron- hole pairs and the 
existence of different phases, they have tried to correlate the 
optical and morphological studies with these results to 
understand the phenomenon of photocatalytic activity at the 
nanoscale. Though the Ultra-violet irradiation can efficiently 
degrade the dyes, naturally abundant solar radiation is also 
very useful in the mineralization of dyes.  

Eyasu et al.8 synthesized the chromium doped ZnS 
nanoparticles, with (0.05, 0.1, 0.2 and 0.3 mol % of Cr) 
using incipient wetness impregnation method. As-
synthesized Cr-ZnS composite was used in dye degradation 
of Methyl orange (MO) was studied under UV and visible 
radiation and effect of parameters such as concentration, pH, 
and initial dye concentration were studied on the 
photocatalytic degradation of MO dye. It was observed that 
photocatalytic degradation decreased with increasing dye 
initial concentration.  

CdS is a well-known photocatalyst that has been used as a 
visible-light photocatalyst. CdS has a narrow direct band 
gap (2.4 eV), so it is also used as a photosensitizer of 
various wide band gap semiconductor photoanodes in 
photoelectrochemical cell9-11. Ahluwalia et al.12 synthesized 
Se-ZnS nanocomposites of different wt% were impregnated 
onto ZnS by calcination at 200°C. The specific surface area 
notably increased from 54 m2 g─1 (ZnS) to 75 m2 g─1 with 
different wt% of Se loading. The band edge absorption at 
330 nm (3.77 eV) of bare ZnS significantly red-shifted to 
357 nm (3.30 eV), after 1 wt% Se loading. 1 wt% Se-
ZnSNCs exhibited the highest photodegradation efficiency 
(95%) of Methyl orange dye as compared to ZnS (55%) 
under 160 min UV light irradiation.  

 Soltani et al.13 prepared ZnS and CdS nanoparticles by a 
simple microwave irradiation method under mild conditions. 
The band gap energies of ZnS and CdS nanoparticles were 
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estimated using UV-visible absorption spectra as 4.22 and 
2.64 eV, respectively. Photocatalytic degradation of 
Methylene blue was carried out using mixtures of ZnS and 
CdS nanoparticles under a 500W halogen lamp of visible 
light irradiation. The study of the variation in the composite 
of ZnS-CdS, a composition of 1:4 (by weight) was found to 
be very efficient in degradation of Methylene blue. Higher 
degradation efficiency and reaction rate were achieved by 
increasing the amount of ZnS-CdS composite and initial pH 
of the solution. 

Urchin-like ZnS/CdS semiconductor composites were 
successfully prepared by combining solvothermal route with 
homogeneous precipitation process. The optical properties 
and photocatalytic activities of the as-prepared ZnS/CdS 
composites toward such organic dyes as Methyl orange, 
Pyronine B, Rhodamine B and Methylene blue were 
separately investigated. It was found that the ZnS/CdS 
composites exhibit excellent photocatalytic degradation 
activity for the above mentioned dyes under UV irradiation, 
as compared to corresponding pure ZnS  and commercial 
anatase TiO2 (P-25). This enhanced activity may be related 
to the modification of CdS nanoparticles on the surfaces of 
thorns of ZnS urchins and a tentative mechanism for the 
enhanced photocatalytic degradation activities of the 
ZnS/CdS composite catalyst was proposed14. 

Ivetic et al.15 synthesized ternary and coupled binary zinc 
oxide/tin oxide nanocrystalline powders by a simple solid-
state mechanochemical method. The degradation of 
alprazolam, a short-acting anxiolytic of the benzodiazepine 
class of psychoactive drugs by ternary (Zn2SnO4 and 
ZnSnO3) and coupled binary (ZnO/SnO2) oxides under UV 
irradiation were observed and compared with pure ZnO and 
SnO2. In the present work, the composite of cadmium 
sulfide with zinc sulfide was prepared by simple solid state 
mechanochemical method and it was used for photocatalytic 
degradation of Evan’s blue. 

Experimental 

Preparation of composite 

A composite of CdS and ZnS was prepared by simple 
solid state mechanochemical method. Composite (CdS – 
ZnS) was prepared by mixing the same amount of CdS and 
ZnS (in ratio 1:1) and then ground with pestle and mortar. It 
was then used for photocatalytic degradation of Evan’s blue. 

Characterization of composite 

X-rays diffraction pattern of the pure CdS-ZnS composite 
samples recorded in X-ray diffractometer (XPERT-PRO 
model) is shown in Fig. 1. Average particle size of the 
crystalline composite powder was calculated by Debye 
Scherrer’s equation and it was found to be 39.98 nm. 

The surface morphology and elemental composition were 
observed by scanning electron microscope equipped with an 
energy-dispersive X-ray spectrophotometer (SEM JEOL 
Japan make,5610V model). 

 

 

 

 

 

 

 

Figure 1.  X-ray diffraction spectrum of composite 

 

The SEM image of CdS-ZnS composite is shown in Fig. 2. 
It shows that particles have a rough surface with irregular 
size. 

 

 

 

 

 

 

 

 

 

Figure 2. SEM of composite 

Photocatalytic degradation 

0.0960 g of Evan’s blue was dissolved in 100.0 mL of 
doubly distilled water so that the concentration of dye 
solution was 1.0 x 10─3 M. It was used as a stock solution 
and further diluted to working solutions as and when 
required. The absorbance of Evan’s blue solution was 
observed with the help of spectrophotometer (Systronic 
Model 106) at λ max = 610 nm. It was irradiated with a 200 
W tungsten lamp. The reaction solution was exposed to 
visible light.  

A water filter was used between light source and solution 
to cut off thermal radiations. The dye solution was placed in 
equal amounts in four beakers. 

• The first beaker containing Evan’s blue solution was 
kept in dark 

• The second beaker containing Evan’s blue solution was 
exposed to light 
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• The third beaker containing solution Evan’s blue and 
0.12 g CdS-ZnS composite was kept in dark 

• The fourth beaker containing Evan’s blue solution and 
0.12 g CdS-ZnS composite was exposed to light 

After exposing these beakers for 3 hours, the absorbance 
of the solution in each beaker was measured with the help of 
a spectrophotometer. The absorbance of the solution of first 
three beakers was found almost constant, but the solution of 
the fourth beaker absorbance had a decrease as compared to 
the initial value of absorbance. It is clear from all these 
observations that the degradation required both; light and 
semiconductor composite. 

A solution of 1.3 × 10‾5 M Evan's blue was prepared in 
doubly distilled water and 0.12 g of ZnS, CdS and CdS-ZnS 
composite was added to it in separate beakers. The pH of 
reaction mixture was adjusted to 8.5 and then this mixture 
was exposed to a 200 W tungsten lamp (50.0 mWcm‾2). The 
absorbance was measured with increasing the time of 
exposure. Here, a linear plot between 1 + log A and time 
was found, which shows that Evan's blue degradation 
followed pseudo-first order kinetics. The rate constant was 
calculated with the help of given formula – 

 

   k = 2.303 × slope     (1) 

Results and discussion 

The results of a typical run of optimum condition is shown 

in Table 1. 

Table 1.  A typical run 

[Evan’s blue] = 1.3 × 10-5 M; amount of composite = 0.12 g; pH = 
5.5;  light intensity = 50.0 mW cm−2 

Effect of pH 

It has been observed that the rate of photocatalytic 
degradation of Evan’s blue increases with increase in pH up 
to 5.5. Further increase in pH above 5.5 resulted in a 
decrease in the rate of reaction.  

An electron from conduction band is abstracted by 
dissolved oxygen to generate O2

‾•. This anion radical is 
unstable in acidic medium and will form HO2

• radical by 
reacting with protons of the medium. An increase in the rate 
of photocatalytic degradation of dye with the increase in pH 
may be due to the availability of more HO2

• radicals. A 
decrease in the rate of photocatalytic degradation of the dye 
may be due to the fact that Evan's blue is present in its 
anionic form, which will experience a force of repulsion 
with the negatively charged surface of the semiconductor 
due to absorption of more OH‾ ions on the surface of the 
photocatalyst. 

Table 2. Effect of pH 

[Evan’s blue] = 1.3 x 10−5 M; amount of composite = 0.12 g; light 
intensity = 50.0 mW cm─2 

Effect of dye concentration 

The effect of dye concentration on the photocatalytic 
degradation of Evan’s Blue was observed in the range of 0.7 
× 10−5 to 2.1 × 10−5 M and results are reported in Table 3. 
As the concentration of the dye was increased, it was 
observed that the dye degradation increases but after 1.3 × 
10−5M (optimum condition), the efficiency of the 
photocatalytic degradation showed a declining behavior. 
Here, the dye will start acting as an internal filter and it will 
not allow the desired light intensity to reach the surface of 
the semiconductor present at the bottom of the reaction 
vessel. 

Table 3. Effect of dye concentration 

Amount of composite = 0.12 g; pH = 5.5; Light intensity = 50.0 
mW cm‾2 

Time (min.) Absorbance (A) 1+logA  

0.0 0.693 0.8407 

10.0 0.652 0.8142 

20.0 0.604 0.7810 

30.0 0.553 0.7427 

 40.0 0.519 0.7152 

50.0 0.493 0.6928 

60.0 0.543 0.7348 

70.0 0.505 0.7033 

80.0 0.470 0.6721 

90.0 0.418 0.6212 

Rate constant (k) with CdS = 6.91 × 10⁻5 sec⁻1 

Rate constant (k) with ZnS = 4.11 × 10⁻5 sec⁻1 

Rate constant (k) with CdS-ZnS = 8.91 × 10⁻5 sec⁻1 

pH Rate constant, k × 105 s-1 

5.0 7.12 

5.5 8.90 

6.0 7.10 

6.5 5.68 

7.0 4.02 

7.5 3.33 

8.0 2.59 

8.5 2.31 

9.0 2.00 

9.5 1.2 

  

[Evan's Blue] × 105 M Rate constant, k × 105 s-1 

0.7 3.30 

0.9 5.09 

1.1 6.72 

1.3 8.90 

1.5 7.61 

1.7 6.38 

1.9 5.32 

2.1 4.40 
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Effect of amount of composite 

The amount of semiconductor is also likely to affect the 
degradation of dye and therefore, different amounts of 
semiconductor were used. The results are reported in Table 
4. When the semiconductor amount was kept low, the rate of 
degradation of dye was also less. It was observed that as the 
amount of photocatalyst was increased, the rate of 
photocatalytic activity increases. The rate of degradation 
was optimum at 0.12 g of the semiconductor. Beyond 0.12 g, 
the rate constant decreases slightly. Because after this value, 
an increase in the amount of photocatalyst will only increase 
the thickness of the photocatalyst layer and not the exposed 
the surface area. This was confirmed by taking reaction 
vessels of different dimensions. This slight decline may be 
due to the fact that excessive amount of photocatalyst may 
create hindrance and blocks light penetration. 

Table 4. Effect of composite photocatalyst 

Amount of composite (g) Rate constant, k × 105 s1 

0.02 3.90 

0.04 4.87 

0.06 5.91 

0.08 6.82 

0.10 7.38 

0.12 8.90 

0.14 7.70 

0.16 6.92 

[Evan’s blue] = 1.3 x 10−5 M; pH = 5.5; light intensity = 50.0 
mWcm‾2 

Effect of light intensity 

The distance between the light source and exposed surface 
area of photocatalyst was varied to determine the effect of 
light intensity on the photocatalytic degradation of Evan’s 
blue. The results are summarized in Table 5. The results 
show that photocatalytic degradation of Evan’s blue was 
more on increasing the intensity of light as this increases the 
number of photons striking per unit area of photocatalyst 
surface per unit time. The maximum rate was observed at 
50.0 mW cm−2 for degradation of Evan’s blue. On further 
increasing the intensity above 50.0 mWcm−2, there was a 
slight decrease in the rate of photodegradation. This may be 
due to some thermal effects or side reactions. 

Table 5. Effect of light intensity 

Light intensity (mW cm-2) Rate constant, k × 105 s-1 

20.0 5.98 

30.0 7.12 

40.0 7.93 

50.0 8.90 

60.0 7.99 

70.0 7.21 

[Evan’s blue] = 1.3 x 10-5 M; amount of composite = 0.12 g; pH = 
5.5 

Mechanism 

On the basis of all these observations, a tentative 
mechanism for degradation of dye is proposed as: 

 

1EB0
                     hν            1EB1         (2) 

1EB1
                    ISC              3EB1       (3) 

SC                      hν               e- (CB) + h+ (VB)  (4) 

e- + O2                                                         O2
‾‾•        (5) 

H+ + O2
‾‾•                                  HO2

•        (6) 

HO2
• + 3EB1                                            Leuco EB   (7) 

Leuco EB                             Products    (8) 

 

Evan’s blue dye (EB) absorbs suitable wavelength and 
gives its first excited singlet state. Then it undergoes 
intersystem crossing (ISC) to give the triplet state of the dye. 
On the other hand, the semiconducting composite CdS-ZnS 
also uses the radiant energy to excite its electron from 
valence band to the conduction band. This electron will be 
abstracted by oxygen molecule (dissolved oxygen) 
generating superoxide anion radical (O2

─ •). This anion 
radical will be converted to HO2

• radical as the medium is 
acidic, where it is unstable and reacts with H+. This HO2

• 
radical converts the dye to its leuco form, which is degraded 
in final products. •OH radical does not participate as an 
active oxidizing species in this degradation reaction. This 
was confirmed by the fact that the rate of photodegradation 
was not affected appreciably by the presence of hydroxyl 
radical scavenger, isopropanol. 

Conclusion  

A comparative study has been carried out between the 
photocatalytic activity of pure CdS, ZnS and their composite. 
Evan’s blue dye has been used as a model system to 
compare their photocatalytic performances. The rate 
constants for photocatalytic degradation of Evan's blue using 
CdS, ZnS and CdS-ZnS were 6.91 × 10-5, 4.11 × 10‾5 and 
8.91 × 10‾5 sec‾1, Respectively. These results indicate that 
the composite CdS-ZnS show better results as compared to 
CdS and ZnS alone. The observation of present work will 
explore the use of composites for better photocatalytic 
performance. 
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