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ABSTRACT  
Eucalyptus consist of 500 species growing in all over the world including Pakistan, native to Australia. The reason of selection of 

globules specie is that it has a great medicinal importance, being used as anti diabetic, anti fungal, anti bacterial, antiviral, 

analgesic and to relief wound. The function of pH, moisture content and metal ions in biological system is so valued that their 

imbalance can cause severity. The focus of the present study was to estimate the pH, moisture content and metal ions in 

Eucalyptus globules. To know the concentration of toxic metal ions is very significant as it becomes hazardous if enter in 

biological system and exceed the acceptable limit. Metal ions estimated at Atomic absorption spectrometer by using the accurate 

standard and sample preparation method. It is experimentally confirmed that moisture content and concentration of Pb, Cu Ni, Cd 

& Fe is dissimilar in polluted and unpolluted areas of Pakistan. 
  
Keywords: Eucalyptus globulus, toxic metal ions, environmental conditions, contamination, health effects 

 
1. INTRODUCTION  
Eucalyptus globules is a medicinal plant [Fig-1] which is especially used for the lowering of water level in different 

areas of Pakistan and all over the world. There are different species which are found in Peshawer such as Eucalyptus 

diversicolor Eucalyptus dundasi Eucalyptus gomphocephala Eucalyptus slaubris Eucalyptus salmonophloia 

Eucalyptus brockwayi. It has been reported that plants are more sensitive to pollution than animals or man. Injury to 

vegetation caused by heavy metals has been well documented as a result of many botanical and chemical 

investigations during the past many years 1Roadside soils often contain high concentrations of metallic contamination. 

The bioavailability and environmental mobility of the metals are dependent upon the form in which the metal is 

associated with the soil. Lead street dust and roadside soil has been extensively studied, and found to be present at 

elevated levels2-5.Heavy metals are elements having atomic weight between 63.545 and 200.5g and a specific gravity 

greater than four6. Metals, such As Pb, Cu, Fe, Zn, and Cd are essential components of many alloys, wires, tires and 

many industrial processes, and could be released into the roadside soil and plants as a result of mechanical abrasion 

and normal wear. Analyses of roadside soil 7-11 and plants 12-14 revealed that they contain elevated levels of these heavy 

metals. The toxicity of these metals has also been demonstrated throughout history: Greek and Roman physicians 

diagnosed symptoms of acute lead poisoning long before toxicology became a science. Exposure to heavy metals has 

been linked with developmental retardation, various cancers, kidney damage and even death 15-17.In Pakistan, the 

major sources of heavy metals pollution are industrial effluents discharged from various processing industries. This 

increases the influx of metals, which can be transported by wind and water and thus become available to plants and 

animals.The total average annual rainfall is 6-8 inches (150-200 nm) 18. The metal ions concentration either essential 

or non essential, critically affect the biological system of the human body19.The aim of our study was to estimate the 

concentration of toxic metal ions, moisture and pH in polluted and unpolluted areas of Pakistan related to high traffic 

zones. 

  
A B 

 

Fig-1: (A) Leaves of Eucalyptus globulus (B) Fruits of Eucalyptus globulus 

http://luirig.altervista.org/pics/display.php?pos=275901
http://luirig.altervista.org/pics/display.php?pos=275901
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2. EXPERIMENTAL 
 

2.1 Materials and Methods  

2.1.1 Sampling Sites  
The sampling sites were divided into four locations Peshawar, Khusdar, Karachi & Multan from KPK (Khyber 

Pukhtoonkhwa), Baluchistan, Sindh & Punjab provinces of Pakistan respectively. Samples of soil and plants from 

different locations shown in [Fig-2] collected by author from polluted areas. 
 

2.2 Sampling Procedure 
Samples were collected in dry season. The plant samples were collected and transported to the laboratory in polythene 

bags. The plants were washed with distilled and de-ionized water and the green shoots were dried at 90ºC for 24 

hours. Sample filters were kept in polythene bags to minimize sample loss until the time of analysis.  
 

2.3 pH analysis in soil and bark & leaf  
Take 10g of air-dried soil (milled to <2mm) for soil pH. Add 25 ml of distilled water. Shake periodically for 15 

minutes. Stir, insert electrode and measure pH. Powdered material of bark and leaf was suspended in 100 ml distilled 

water. After two hours filtered and clear solution was measured for pH. 
 

2.4 Determination of moisture content  
The fresh sample of leaf, soil and bark was selected for estimation of water content measurement .Initially weighed 

around 10 gm of each then dried to a constant mass in an oven at a temperature of 100°C.Final weight was recorded 

and % moisture calculated on the basis of fresh and dry masses in gm by using formula 19. 

 

Initial weight (gm) –Final weight (gm) 

% Moisture= ______________________________ X 100 

 

Initial weight (gm) 

 
 

Balochistan, City: Khusdar, Location: Khuzdar Engineering University 

Sindh, City: Karachi, Location : Korangi Industrial Area near English Biscuit Factory 

Punjab, City: Multan, Location: Gulgust colony 

KPK (Khyber Pukhtoonkhwa), City: Peshawar, Location: Main G.T road 

Reference Location (Controlled area): P.E.C.H.S Govt Girls college block-2 Karachi, Sindh. Pakistan 
 

Fig-2 Sampling Location of Eucalyptus globulus 
 

2.5 Sample Preparation and Analysis 
Plants samples were gently ground using electrical grinder. About 3g of dried leaves was accurately weighed and 

treated with dilute aqua regia in 1 L deionized water.The mixture was heated in a beaker until all matter dissolve and 

then cooled. The digested plant samples were then re-dissolved in 10% HCl to avoid precipitate formation. Here we 

did introduce HCl but we had blanks prepared in the same medium. So the presence of HCl could be minimized. 

Extracts were filtered through Whatman filter paper No.40, and the volume was adjusted to 50 ml with 10% HCl in 

polythene volumetric flask. Reagent blank for soil and plant filter were also prepared in the same way as those of 

samples. Metals analysis was carried out with a Flame Atomic Absorption Spectrometer (PERKIN ELMER- 2380).
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3. RESULT AND DISCUSSION 
Observed and reference pH values from bark of Eucalyptus globulus were reported in the [Table-1] are relatively 

acidic regardless location as all below from neutral point 5.3, 4.35, 5.33, 6.15 < 7.0 but soil pH is almost neutral such 

as 7.71, 6.86, 7.9 & 7.9 in sample from Balochistan, Sindh, Punjab and KPK respectively. pH in sample of leaf of 

Eucalyptus globulusfrom polluted location of Balochistan and Sindh is acidic ( 5.09, 4.17 < 7.0) but from Punjab and 

KPK is somewhat basic (7.59, 7.59>7.0) respectively .The pH of bark of Eucalyptus globulus in controlled reference 

sample from unpolluted location is also in acidic range 6.65<7.0 [Table-1] Concentration of Cadmium in (μg/g) is 

least in bark, soil and leaf in the range of (Cd:014~1.56 μg/g) as compare to other toxic metal ions, such as (Pb 

:34.54~79.72 μg/g ), (Cu :6.51~47.01 μg/g) (Ni :8.45~48.78 μg/g ), and (Fe: 1.86~5.31 μg/g).The concentration of 

these metal ions in reference sample from un polluted location of P.E.C.H.S Karachi is (Pb:30.22~39.32 μg/g), (Cu: 

5.95~8.99 μg/g) (Ni7.99~10.02 μg/g), (Cd:0.10~0.41 μg/g) & (Fe:1.11~1.91 μg/g) [Table-2] .The concentration of 

copper is lower in Eucalyptus globulus in unpolluted location of as compare to other polluted provincial locations such 

as, in reference bark 7.01 μg/g < Baluchistan bark μg/g 16.97~Sindh bark 10.88 μg/g ~Punjab bark 10.14 μg/g ~KPK 

bark 7.41 μg/g. The highest concentration of Pb was found in leaves of Eucalyptus globulus collected from Sindh and 

Punjab as compare Balochistan and KPK (Sindh: 79.72 μg/g, Punjab: 78.56 μg/g, Balochistan: 49.33 μg/g, KPK:42.95 

μg/g). The air born lead is usually present in the form of insoluble particulate matter and bulk of it is retained in the 

soil and sediments with very little present in water in the soluble form. In Pakistan lead additives are still used as anti-

knock agents. Least concentration of Copper was found in the soil collected from KPK as compare to Baluchistan, 

Sindh and Punjab 6.51 μg/g < 15.97 μg/g, 10.88 μg/g, 10.24 μg/g respectively. The soil of Pakistan partly residual, 

calcareous, derived from limestone, sandstone and dolomite, which are the dominant rock formations. Copper mainly 

comes from automobile radiator, component of engine, thrust bearings and bearing metals. Cu levels are found highest 

in soil samples of Balochistan (15.97 μg/g) Nickel in leaves and bark of Eucalyptus globulus collected from 

Balochistan is found highest (leaves: 40.08 μg/g ,bark 45.45 μg/g) as compare to KPK (leaves: 10.72 μg/g and 9.45 

μg/g) respectively. Ni also comes from oil combustion, Ni alloy pipes and wear and tear of cars. The concentration of 

Fe in bark in all samples of Eucalyptus globulus is almost in the same range as 4.40 μg/g from sindh, 4.35 μg/g from 

Punjab, 4.30 μg/g from KPK but least in Balochistan as 1.96 μg/g. 4.40 μg/g ~4.35 μg/g ~4.30 μg/g >1.96 μg/g 

[Table-2].Fe is easily leached form sulphide ores via the oxidative formation of soluble iron(II) sulphate and it is also 

removed quite readily form the silicate minerals. Once in solution Fe+2 salts are easily oxidized to Fe+3 and under even 

the mildest alkaline conditions the iron in this state is re – precipitated as the oxide.  
 

Table-1: pH of bark, soil and leaf of Eucalyptus collected from four polluted locations of Pakistan 

Samples Ref (P.E.C.H.S)  Balochistan Sindh Punjab KPK 

Bark 6.65 5.3 4.35 5.33 6.15 

Soil 7.90 7.71 6.86 7.9 7.9 

Leaf 7.59 5.09 4.17 7.59 7.59 
 

Table-2: Metal ions concentration in bark, soil and leaf of Eucalyptus globulus collected from four locations of Pakistan 

Sample Location 
Pb 

(μg/g) 

Cu 

(μg/g) 

Ni 

(μg/g) 

Cd 

(μg/g) 

Fe 

(μg/g) 

Bark Balochistan 35.56 16.97 45.45 1.48 1.96 

Soil - 34.54 15.97 44.45 1.11 1.86 

Leaves - 49.33 18.83 40.08 1.56 2.87 

Bark Sindh 49.56 10.88 37.89 1.33 4.40 

Soil - 48.52 10.88 38.39 1.34 4.97 

Leaves - 79.72 47.01 48.78 1.41 4.128 

Bark Punjab 45.52 10.14 36.53 1.24 4.35 

Soil - 46.45 10.24 37.52 1.32 4.85 

Leaves - 78.56 46.54 45.56 1.40 3.92 

Bark KPK 40.87 7.41 9.45 0.55 4.30 

Soil - 40.87 6.51 8.45 0.14 5.31 

Leaves - 42.95 9.26 10.72 0.37 4.68 

Bark Ref (P.E.C.H.S) 33.26 7.01 8.95 0.41 1.11 

Soil - 30.22 5.95 7.99 0.10 1.41 

Leaves - 39.32 8.99 10.02 0.12 1.91 
 

The percentage of moisture [Table-3-7] is almost same in leaf and bark of Eucalyptus globulus collected from all 

location as 4.85 %in leaf and 4.95% in bark from Balochistan, 98.1% in leaf and 96.3% in bark from Sindh, 32.35% in 

leaf and 33.65% in bark from Punjab, & 23.91% in leaf and 20.22% in bark from KPK .The acidic nature of bark of 

Eucalyptus globulus showed that its medicinal use should be precautionary. The exceed concentration of Cu 

accumulation in biological system is a main cause of Wilson disease and Cu in Eucalyptus globulus is high from all 
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polluted areas. Traditional use of water extract of leaves of Eucalyptus globulus should be avoided as diverse range of 

toxic metal ions was observed experimentally in different areas of Pakistan affected by environmental pollution. There 

are no guidelines to establish a permissible level of metals in herbs. By monitoring the level of metals in medicinal 

plants one can be able to indicate the level of environmental pollution in that area. Environmental pollution effects 

badly on plant growth and its genotype. The sources of environmental pollution are varied, Industries, metallurgical 

process, traffic fumes and also advanced life style play a vital role in this regards, which may cause serious health 

hazards such as renal failure, skin diseases, and liver damage.20. 
 

Table-3: Moisture content of bark, soil and leaf – Eucalyptus globulus collected from Balochistan 

Eucalyptus globulus Initial weight (gm) Final weight (gm) Difference % Moisture 

Bark 10.3 +/-0.01 9.8+/-0.01 0.5+/-0.01 4.85 

Soil 10.1+/-0.01 10.0+/-0.01 0.1+/-0.01 0.99 

Leaf 10.1+/-0.01 9.6+/-0.01 0.5+/-0.01 4.95 
 

Table-4: Moisture content of bark, soil and leaf – Eucalyptus globulus collected from Sindh 

Eucalyptus globulus Initial weight (gm) Final weight (gm) Difference % Moisture 

Bark 10.0+/-0.01 0.37+/-0.01 9.63+/-0.01 96.3 

Soil 10.01+/-0.01 0.44+/-0.01 9.57+/-0.01 95.6 

Leaf 10.0+/-0.01 0.19+/-0.01 9.81+/-0.01 98.1 
 

Table-5: Moisture content of bark, soil and leaf – Eucalyptus globulus collected from Punjab 

Eucalyptus globulus Initial weight (gm) Final weight (gm) Difference % Moisture 

Bark 10.4+/-0.01 6.9+/-0.01 3.5+/-0.01 33.65 

Soil 10.4+/-0.01 9.8+/-0.01 0.6+/-0.01 05.76 

Leaf 10.2+/-0.01 6.9+/-0.01 3.3+/-0.01 32.35 
 

 
Table-6: Moisture content of bark, soil and leaf – Eucalyptus globulus collected from KPK 

Eucalyptus globulus Initial weight (gm) Final weight (gm) Difference % Moisture 

Bark 10.78+/-0.01 8.6+/-0.01 2.18+/-0.01 20.22 

Soil 10.81+/-0.01 9.0+/-0.01 1.81+/-0.01 16.74 

Leaf 10.12+/-0.01 7.7+/-0.01 2.42+/-0.01 23.91 
 

Table-7: Reference controlled unpolluted location, P.E.C.H.S Govt Girls college block-2 Karachi, Sindh. Pakistan % Moisture 

content of bark, soil and leaf – Eucalyptus globulus 

Eucalyptus globulus Initial weight (gm) Final weight (gm) Difference % Moisture 

Bark 1.7 +/- 0.01 0.8+/- 0.01 0.9+/- 0.01 53 

Soil 53.8+/- 0.01 53.5+/- 0.01 0.3+/- 0.01 56 

Leaf 37.4+/- 0.01 23.2+/- 0.01 14.2+/- 0.01 38 
 

 

4. CONCLUSION 
The present study illustrate that the barks of Eucalyptus globulus are of acidic nature and its indigenous use as water 

extract should be avoided as biological system rely on basic pH .Location wise concentration of Pd, Cu, Ni, Cd & Fe is 

different in soil, leaf and bark samples. It means that Eucalyptus globulus is best indicator for weather and 

environmental verifications such as least concentration values of copper were found in bark which were collected 

from controlled reference unpolluted area of Karachi, Pakistan.  
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ABSTRACT 
Theoretical calculations using Density Functional Theory (DFT) were performed on 2,5-bis[4-N,N-diethylaminostyryl]thiophene 

and its furan and pyrrole derivatives The energy band gaps calculated at B3LYP/6-31G(d) level for thiophene derivatives are 

lower than that of furan and pyrrole analogues. The absorption λmax calculated using DFT was shifted to longer wavelength by 

replacement of R = CH3 by C2H5 for all studied molecules. The geometries and electronic properties of the compounds were also 

studied. 
 

Keywords: Electronic Properties, 2, 5-bis (4’-N, N-diethylaminostyryl) thiophene, DFT. 

 
1. INTRODUCTION 
The idea of using organic molecules in electronic devices has attracted tremendous attention in the past quarter 

century. Among various possible types and designs of such organic molecules, the π-conjugated molecules have been, 

perhaps, the most useful ones (Gill et al, 1994; Geig et al, 1993). Oligo- and poly-thiophenes offer remarkable 

potential as active elements in electronic devices that exploit their semiconducting properties, such as light-emitting 

diodes (LED) (Garnier et al, 1990) and field-effect transistors (FET) (Geig et al, 1993). Moreover, the oligothiophenes 

provide interesting models for understanding the structural and electronic peculiarities which control the charge 

transport and optical properties in polythiophenes (Bauerle, 1998; Cornil, et al, 1998; Bouzzine, et al, 2007). As a 

model approach toward electronic property modulation, chromophore sequences are arranged in such a way that 

electron-donor (D) and/or acceptor (A) units are linked through π-conjugation to a central electron relay at the ends 

(Kim, 1999). 

The study of the electronic properties of such structures provides valuable information for understanding of 

relay role of the π-center and for developing functional tuning and enhancing the efficiency of electronic/photonic 

materials. The well recognized efficiency of oligothiophenes as property modulator is associated to the lower 

resonance energy as compared to benzene (and to the ability of sulfur d-orbitals to mix well with aromatic π-orbitals) 

(Moreira and Franco, 1992; Takahashi et al, 1992) such that electron-transfer through the π-center between the end 

moieties is facilitated, thereby anticipating a pronounced alteration in electronic/photonic properties.  

 In the past few years, various kinds of chromophores involving thiophenes were synthesized for two-photon 

excited fluorescence (TPEF) (Xia et al, 2003; Xia et al, 2005;Lu and Xia, 2005; Ortiz et al, 2004; Chung et al, 2002) 

which is caused by simultaneously absorbing two photons by each fluorophore molecule and the main attention was 

focused on the nonlinear optical (NLO) active molecules with vinyl or phenyl as conjugated electron relays.  

In the study, the theoretical ground-state geometries and electronic structures of electronic and structural properties of 

2,5-bis(4’-N,N-dimethylaminostyryl) thiophene (BMST) and 2,5-bis(4’-N,N-diethylaminostyryl)thiophene (BEST) 

synthesized by Lu and Xia, 2005 as relay in some D-π-D structures are studied. The two compounds are compared 

with their pyrrole (2,5-bis(4’-N,N-dimethylaminostyryl) pyrrole, BMSP and 2,5-bis(4’-N,N-diethylaminostyryl) 

pyrrole,BESP) and furan (2,5-bis(4’-N,N-dimethylaminostyryl) furan, BMSF and 2,5-bis(4’-N,N-

dimethylaminostyryl) furan, BESF) analogues using DFT method at B3LYP level with 6-31G* basis set. The effects 

of the heterocyclic structure and the substituents on the geometries and electronic properties of these materials are 

discussed. 

 

2. COMPUTATIONAL METHODS 
The equilibrium geometries and the frequencies for all the studied molecules were fully optimized at the DFT level of 

theory with the standard 6-31G* basis set. The DFT calculations were carried out with the three-parameter B3LYP 

density functional, which includes Becke’s gradient exchange correction (Becke, 1993) and the Lee, Yang, Parr 

correlation functional (Lee et al, 1988). The absorption transitions were calculated from the optimized geometry in the 

ground S0 state by DFT/6-31G*/CIS theory. We also examined HOMO and LUMO levels; the energy gap was 

evaluated as the difference between the HOMO and LUMO energies. All calculations were performed by Spartan 06 

program implemented on an Intel Pentium M 2.0 GHz Computer. 
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Fig-1: Schematic structure of the studied molecules. 

 

3. RESULTS AND DISCUSSION 
3.1Geometries  
The schematic structures were depicted in figure 1 and the optimized geometries obtained by B3LYP 6-31G* of the 

studied molecules were displayed in figure 2. To investigate the effect of the substituent (R=CH3 and C2H5) and 

heteroatom (X=O, S and N) on the geometries and electronic properties, the optimized structures and electronic 

properties of BMSF, BESF, BMSP and BESP were compared with that of thiophene derivatives (BMST and BEST) 

as shown in Table-1. The results revealed that the heteroatom X has profound effect on the geometries of heterocycle, 

i.e. C3-C4, C4-X, C4-C5 and C5-C6 bonds were affected whereas C1-C2 and C2-C3 were not affected by changing X for 

BMSF, BMSP and BMST or BESF, BESP and BEST (Table-1). The same trend was observed for bond angles and 

dihedral angles.  
 

Table-1: Selected geometry parameters obtained by B3LYP/6-31G* for the studied molecules 

 BMSF BESF BMSP BESP BMST BEST 

C1 – C2 1.457 1.457 1.458 1.457 1.458 1.458 

C2 – C3 1.354 1.355 1.354 1.355 1.355 1.355 

C3 – C4 1.437 1.437 1.441 1.441 1.445 1.444 

C4 – X 1.373 1.373 1.381 1.381 1.754 1.754 

C4 – C5 1.381 1.381 1.399 1.399 1.386 1.386 

C5 – C6 1.415 1.416 1.405 1.406 1.411 1.412 

C1,C2,C3 127.42 127.04 127.80 127.52 127.27 126.89 

C2,C3,C4 125.25 125.64 125.50 125.76 125.65 125.91 

C3,C4,X 115.96 115.76 121.26 121.09 119.44 119.61 

C3,C4,C5 135.28 135.51 132.75 132.92 131.14 131.37 

X,C4,C5 108.76 108.73 106.00 105.98 109.14 109.12 

C3,C4,X,C7 -179.33 -175.37 -179.12 178.28 -179.96 -176.84 

C2,C3,C4,X -178.32 177.26 -179.29 179.01 -178.75 -177.69 

C2,C3,C4,C5 0.95 3.09 0.86 -0.62 0.52 2.56 

C1,C2,C3,C4 -179.30 -178.84 -179.30 -179.58 179.41 178.45 

 

However, changing R from CH3 to C2H5 had little effect on the dihedral angles which in turn affect the planarity of the 

molecules in each series. For instance, C2,C3,C4,C5 (C1,C2,C3,C4) were 0.95 (-179.30) and 3.09 (-178.84) for BMSF 

BMST; R=methyl and BEST; R=ethyl

BMSF; R=methyl and BESF; R=ethyl

BMSP; R=methyl and BESP; R=ethyl
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and BESF; 0.86 (-179.30) and -0.62 (-179.58) for BMSP and BESP; 0.52 (-179.41) and 2.56 (-178.45) for BMST and 

BEST respectively. This could be attributed to the steric effect caused by the bulkiness of C2H5 (Table-1).  

 
BMSF 

 
BESF 

 
BMSP 

 
BESP 

 
BMST 

 
BEST 

 

Fig-2: Optimized geometry obtained by B3LYP 6-31G* of the studied molecules.
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Fig-3: Absolute energy of the frontier orbitals: HOMOs and LUMOs. 

 

3.2 Electronic properties 
The HOMO and the LUMO are important parameters to provide reasonable qualitative information about the 

excitation properties of molecules (Bouachrine et al, 2009; Yang et al, 2005). To further understand the electronic 

properties of these molecules, some frontier molecular orbitals levels obtained from B3LYP/6-31G(d) were shown in 

Fig-3. All the molecules had degenerate HOMOs orbitals, BMSP, BESP, BMST and BEST were HOMO-4 degenerate 

while BMSF and BESF (furan derivatives) were HOMO-3 degenerate. In general, the HOMOs of C=C units are π-

bonding and have alternating phase with respect to their neighboring C=C units which indicates that in these sites an 

electrophilic attack can occur. The LUMOs of C=C units are π-antibonding and concentrated over the C-C single 

bonds; therefore, these are most likely sites for a nucleophilic attack (Figure-4). From the calculations, it becomes 

evident that the HOMO and LUMO topologies and sizes are almost identical for all the symmetrical D-π-D molecules.  

The calculated electronic parameters band gap of the studied molecules BMSF, BESF, BMSP, BESP, BMST 

and BEST are 3.01eV, 2.95eV, 3.02eV, 3.00eV, 2.92eV and 2.84eV respectively as shown in Table 2.Therefore, band 

gap could be ordered as BEST < BMST < BESF < BESP < BMSF < BMSP, this indicates that replacement of CH3 

with C2H5 lowers the band gap and higher value of dipole moment. The replacement of CH3 with C2H5 leads to 

stabilization of the HOMO and LUMO levels due to stronger electron-donating character of C2H5. The stabilization 

energies of the HOMO and LUMO by replacing CH3 with C2H5 are 0.14eV and 0.07eV for BESF, 0.17eV and 0.15eV 

for BESP and 0.09eV and 0.04eV for BEST respectively.  

 
Table-2: Theoretical electronic properties parameters (HOMO, LUMO, Gap, Dipole moment and UV/vis max) obtained by 

B3LYP/6-31G(d) of the studied molecules 

 BMSF BESF BMSP BESP BMST BEST 

EHOMO (eV) -4.30 -4.16 -4.18 -4.01 -4.32 -4.23 

E LUMO (eV) -1.28 -1.21 -1.16 -1.01 -1.43 -1.39 

Band gap (eV) 3.01 2.95 3.02 3.00 2.92 2.84 

D.M 1.17 1.46 2.57 2.83 0.15 0.32 

 412.76 nm 421.17 nm 402.15 nm 413.72 nm 413.51 nm 432.02 nm 

 

To investigate the substitution effect of heteroatom and R on the adsorption of the molecules, DFT/6-31G*/CIS 

method was used to calculate the λmax as presented in Table 2. All the molecules with R= C2H5 exhibit a blue shift 

relative to that of CH3 as case may be. The experimental and theoretical adsorption λmax for BMST are 436nm and 

438nm while that of BEST are 413.51nm and 432.02nm respectively (Lu and Xia, 2005). Therefore, the calculated 

λmax are lower by 23nm and 6nm for BMST and BEST respectively. Mulliken charges for selected atoms of the 

studied molecules are listed in Table 3. It was observed that all the atoms selected have negative values of varying 

degree except that of C1, C4 and C7 which have positive values (Table-3 and Figure-1).  
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Table-3: Mulliken charges on selected carbon atoms of the studied molecules 

 BMSF BESF BMSP BESP BMST BEST 

C1 0.176 0.180 0.178 0.183 0.179 0.185 

C2 -0.181 -0.181 -0.189 -0.190 -0.177 -0.179 

C3 -0.215 -0.217 -0.194 -0.196 -0.164 -0.166 

C4 0.377 0.378 0.376 0.377 0.375 0.376 

C5 -0.215 -0.216 -0.222 -0.222 -0.128 -0.128 

C6 -0.215 -0.216 -0.222 -0.223 -0.128 -0.129 

C7 0.377 0.378 0.376 0.377 -0.127 -0.128 

X -0.515 -0.515 -0.730 -0.729 -0.218 -0.217 

 

The IR frequencies calculated at B3LYP/6-31G* methods are shown in figure 6. The prominent C=C stretching bands 

for C4=C5 and C6=C7 bonds in the six molecules are 1529 cm-1for BMSF, 1530 cm-1for BESF, 1449 cm-1 for BMSP 

and BESP, 1584 cm-1and 1402 cm-1 for BMST and 1608 cm-1 and 1554 cm-1 for BEST respectively which are 

heteroaromatic-like pattern of the π-conjugated backbone (Casado et at, 2004). Single stretching band for C4=C5 and 

C6=C7 was observed for furan (BMSF and BESF) and pyrrole (BMSP and BESP) derivatives, this was up-shifted and 

split into two components in thiophene derivatives at 1584 cm-1 and 1402 cm-1 for BMST and 1598 cm-1 and 1535 cm-1 

for BEST (Figure 5). This has been ascribed to a typical indicator of the attainment of a heteroquinonoid-like pattern  

for the π-conjugated path (Casado et al, 1998; Casado et at, 2004). 
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BMST 

 

 

BEST 

 

Fig-4: The contour plots of HOMO and LUMO orbitals of the studied compounds 

 

 

4. CONCLUSION 
The geometrical and electronic structure, UV-visible absorption band and IR spectra of 2,5-bis[4-N,N-

diethylaminostyryl]thiophene and its furan and pyrrole derivatives were investigated through quantum chemical 

method usingB3LYP/6-31G*(D). In the study, we found out that: 

The substitution of methyl by a more electron-donating group like C2H5 stabilizes the HOMO and the LUMO 

levels with decrease in the band gap, which brought about a blue shift in the absorption spectrum.

 

 
Fig-5: Splitting of five numbered ring C=C stretching vibration 
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Fig-6: Infra-red spectra of the molecules BMSF, BESF, BMSP, BESP, BMST and BEST calculated at B3LYP/6-31G* level.. 

 

Thiophene derivatives have superior quality as reflected in their electronic properties calculated i.e. lower band gaps, 

longer absorption wavelengths and attainment of heteroquinonoid-like π-conjugated structures. The absorption 

wavelengths calculated are in good agreement with experimental values reported in the literature (Lu and Xia, 2005). 
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ABSTRACT 
The determination of antifungal activity of Thymus serpyllum L. was the major focus of this research work. The oil of Thymus 

serpyllum was checked for antifungal activity against three test microorganisms i.e., Aspergillus niger, Rhizopus oligosporous, 

Trichoderma viride and it was carried out by taking 50, 100, 150 and 200 mcg of essential oil. In order to compare the results with 

standard, three antifungal drugs i.e., Natamycin, Nystatin and Miconazole were employed. The significant antifungal activity of 

Thymus serpyllum oil was observed for Aspergillus niger.  
 

Keywords: Thymus serpyllum, Essential oil, Antifungal activity, Minimum inhibitory concentration, Aspergillus niger, Rhizopus 

oligosporous, Trichoderma viride. 

 
1. INTRODUCTION 
Several researchers reported that a large number of medicinal herbs, their extracts and essential oils have attributed 

potential applications towards cosmetics, phyto-preparations, food technology, fragrance and folk medicines1-3. 

Moreover, an endless source of medicines was achieved from natural resources in the past. Since new chemical 

entities (NCEs) always remained an essential need of our society due to increased resistance against the older 

compounds in microorganisms and plants provided a basis for new chemical entities regarding health care purposes. 

The relatively higher therapeutic window and less serious side effects of herbal drugs have increased the use of such 

drugs along with the economical factor. The scientific basis of their therapeutic actions is an area of extensive studies 

for various researchers4. The drug resistant strains of microorganisms presented a new challenge to the scientific 

community and infection issues are still prevailing even after the development of antibiotics. The extensive uses of 

herbal drugs have been reported for centuries in literature5. The great potential and hope is associated with essential 

oils. The biocidal effects of various essential oils have been found in literature against different types of bacteria, 

fungi, viruses, protozoa, insects and plants6-7. Thymus serpyllum is used as a gastronomic herb, as well as for perfume 

and for routine medicinal purposes well known to Kashmiri as Jawand. The varieties, hybrids and ecotypes of Thymus 

(almost three hundred in number) are collectively described by the word “Thyme” and most of them are native 

perennial herbs distributed in the regions of Asia and Europe. Certain remarkable characteristics are attributed to this 

plant. Many traditions related to the use of these plants for their tonic character are known. The strong antiseptic, 

antispasmodic, carminative, deodorant, diaphoretic, disinfectant, expectorant, sedative and tonic properties have been 

reported for this plant8-12. The seeds of Thymus serpyllum are used as vermifuge13. The treatments of bronchitis, 

catarrh, laryngitis, flatulent indigestion, painful menstruation, colic and hangoversare carried out even on international 

scale by such plants14. In case of minor injuries, mastitis, mouth, throat and gum infections etc, it is applied externally. 

The plant was used for embalming purposes by Egyptians. It was also used by ancient Greeks for taking bath 

to get more vigour. The sprigs of Thymus were burnt to cleanse the indoor air and considered good for protection 

against plague. The oil of thyme was used during the First World War as an antiseptic. The use of thyme for 

preserving liquids, protecting paper from mould and conserving anatomy and botany specimens is still in practice15. 

The antifungal activity of essential oils of Thymus serpyllum was investigated for the microorganisms such as 

Aspergillus niger, Rhizopus oligosporous, Trichoderma viride and the data was compared with the standard drugs like 

Natamycin, Nystatin and Miconazole. 
 

2. EXPERIMENTAL 
 

2.1 Materials and methods 
i. The investigations were carried out on the seeds of Thymus serpyllum 

ii. Test fungi (Aspergillus niger, Rhizopus oligosporous, Trichoderma viride)  

iii. Natamycin, Nystatin and Miconazole were used as standard antifungal drugs. 

mailto:maslamchemist@hotmail.com


Pakistan Journal of Chemistry 2012 

 

175 

2.2 Extraction of essential oil of Thymus serpyllum16 
The seeds of Thymus serpyllum were weighed and taken into the flask, connected with Dean stark apparatus. It was 

heated on a heating mental after the addition of water. The steam, thus produced, was fed on the material from top. In 

this way the oil containing mixture of steam was obtained from the area where matter was controlled by means of a 

grill. The condensate was composed of two layers, the above layer contained oil and the lower layer was comprised of 

water. The water layer was removed from lower opening. In this case, steam also diffuses along with the oil and for 

this reason the process is known as hydro-diffusion distillation. In order to remove moisture completely, the layer 

containing oil was further treated with anhydrous sodium sulphate. The sample bottle was filled with the oil for further 

investigations. 
 

2.3 Antifungal assays 
 

2.3.1 Agar tube dilution assay17-21 
The most significant requirement for curing various plant and human diseases due to fungi, is to discover new 

compounds with toxic effects for such fungi. Potato late blight, hop downy mildew, tobacco blue mould, ergot of rye, 

grape down mildew corn blight cereal rusts, and Dutch elm disease are among the common fungal diseases associated 

with plants. However, athlete foot, aspergillosis, actinomycosis, histoplasmosis and coccidioidomycosis are among the 

human diseases due to fungi. Anyhow, there are certain beneficial fungi which save human being from harmful 

insects. 
 

2.3.1.1 General procedure 
The agar tube dilution assay was performed by following steps: 

i. The stock solution was prepared by dissolving sample in sterile DMSO. 

ii. Sabouraud 4 % glucose agar was mixed with agar in distilled water to prepare saboured dextrose agar. 

iii. It was then dissolved with the help of a magnetic stirrer and a known amount was introduced to the screw capped 

test tubes. 

iv. The media containing test tubes were autoclaved for 15 min at 121 oC. 

v. The samples of appropriate concentration were pipetted out from the stock solution after cooling the tubes to 50 
oC and added to the non solidified sabouraud agar media. 

vi. Then tubes were kept in slaunting position at room temperature to solidify them. 

vii. A piece of inoculum i.e., 4 mm in size, was removed from a seven day old culture of fungi to inoculate 

each tube. 
 

All the tubes having culture were inoculated for 7-10 days at optimum temperature 28-30 °C. An open pan of water 

was placed in the incubator to control humidity level (40 % to 50 %). During incubation cultures were observed two 

per week. Minimum inhibitory concentration (MIC) of the test sample was determined by using the tubes with no 

visible growth of microorganisms after the lapse of 7-10 days and it was expressed in g mL
-1

 

 

2.3.1.2 Procedure adopted for measurement of zone of inhibition 
The procurement of microorganisms such as Aspergillus niger, Rhizopus oligosporous, Trichoderma viride was 

carried out from testing laboratory and microorganisms were then maintained on potato dextrose agar slants. Dimethyl 

sulphoxide (DMSO) was used to prepare stock solution with concentration of 1 mg/ml. The solutions of 50, 100, 150 

and 200 mcg were made from the stock solution by simple dilution methods. The standards employed for this work 

include Natamycin, Nystatin and Miconazole. The comparison studies were conducted by using standard antibiotics 

with a concentration of 100 mcg prepared in DMSO. Agar dilution method was employed for determining the 

antifungal activity of essential oils on the basis of effects of essential oils on growth of microorganisms. The culture 

was mixed with potato dextrose agar to prepare 15 mL media containing potato dextrose agar plates. Such plates were 

inoculated with 5mL inoculums of the respective organism. 

Table-1: Antifungal activity of Thymus serpyllum oil compared with Natamycin, Nystatin and Miconazole. 

Organisms 

Zone of inhibition (mm) Control 

DMSO 

(100 µL) 

Zone of inhibition (mm) 

Thymus serpyllum oil (mcg) Standard antibiotics (100 mcg) 

50 100 150 200 Natamycin Nystatin Miconazole 

A. niger 12.60 38.50 45.00 52.00 + 19.50 28.50 21.25 

T. viride 13.50 18.00 24.00 31.00 + 27.50 33.50 19.75 

R. oligosporous 13.63 17.00 25.00 33.50 + 25.00 28.50 25.50 
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Fig-1: Antifungal activity of Aspergillus niger. 

 

 
Fig-2: Antifungal activity of Rhizopus oligosporous. 

 

 
Fig-3: Antifungal activity of Trichoderma viride.
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The cork borers were used to make 6.0 mm wells after the settlement of agar. There replicates were made for each 

standard antibiotics and oil dilution. In this experiment incubation was conducted for 24 hours at 37 oC. The diameter 

of the clear zone around the well was recorded after the end of incubation period. 
 

3. RESULTS AND DISCUSSION 
The essential oils of Thymus serpyllum L. were checked against three strains. The table-1 and fig 1-3 shows the zones 

of inhibition for three standard antibiotics Natamycin, Nystatin and Micronazole and different concentrations of 

essential oil for each susceptible microorganism. The essential oils were found to have greater zone of inhibition than 

the three standards against Aspergillus niger upon using 100 mcg of each antibiotics and the essential oils were used 

whereas lesser antifungal activity was observed for essential oils upon using 50 mcg of each. Among different 

concentrations, the essential oil with concentration of 100 mcg against each susceptible organism was found much 

greater. However, the comparison of data with standards at 100 mcg showed that the activity against specific 

microorganism might be higher in case of Nystatin which possesses a lower activity as compared to other standards at 

the same concentration. It was observed that essential oils possess antifungal activity at lower concentrations (50 mcg) 

but higher concentration of the essential oils was needed to compare with standard antibiotics. 
 

4. CONCLUSION 
The present study proves that the Thymus serpyllum possesses considerable antifungal activity against Aspergillus 

niger. 
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ABSTRACT  
Proteolytic enzymes can immobilize on different materials to constitute systems for continuous hydrolysis of protein substrates. 

They are mostly immobilized by binding some matrices filled in chromatographic columns and continuous proteolysis is 

accomplished by subsequent passing of the buffered substrates through the column bed from top to bottom and collecting of 

hydrolyzed products eluting out of the column from the bottom. Immobilization of the protease of Carica Papaya was carried out 

on DEAE-cellulose. The percentage of immobilization was found to be 67%.The life span of the enzyme immobilized on DEAE-

cellulose was 30 days. 

 

Key words: DEAE-cellulose, Immobilized protease, Carica papaya,  Proteolysis 

 
1. INTRODUCTION  
Proteases are the enzymes that generally hydrolyze the peptide bonds (-CO-NH-) of the protein molecules or their 

degradation products such as proteases, peptones, polypeptides, etc. The term is distinguished from “proteinases” that 

attack intact proteins to produce proteoses, peptones, polypeptides and amino acids. 

The proteases are widely distributed in nature. Their major sources are plants and microorganisms. The 

proteases have been extracted from these sources and put in different uses. These have been, extensively applied in 

food industry1-2. Their major applications in this industry are as glue, modifier in bread making, meat tenderizers in 

meal preparation, milk coagulant in cheese production and as haze removers in chill proofing of bears. Other 

applications in industry include bating of leather, degumming of silk, tobacco making, paper making, biological 

detergents3- 4 etc. 

The proteases have also found extensive applications in medicines as cure of diseases such as stomach upset, 

fistulas, hyperacidity and cramps. They are being extensively used as anti-inflammatory agents. They digest dead cells 

of the skins necrotic tissue and wounds selectively without harming the healthy tissue and thus are used as wound 

cleaners. Similarly; they are being extensively applied as cleaners of contact lenses. 

Due to the importance of proteases have been under extensive research in the past and, even, are currently 

being intensively studies, all over the world5,6.The immobilized enzymes including protease are also being intensively 

studied as part of this exercise. 

Different techniques are under intensive research to set up systems for continuous hydrolysis by the enzymes. 

One of such techniques is the immobilization of the enzymes by binding them with some matrices filled in 

chromatographic columns and subsequently passing through them the buffered substrates and collection of hydrolyzed 

products eluting out of the column. All that is being done is on the assumption that the enzymes immobilized in this 

way are equipped with enhanced life and increased stability7-8.  

Considerable work has also been carried in Pakistan to hydrolyze casein by proteases of Calotropis procera8 

immobilized on Amberlite-50 and Euphorbia royleana9 immobilized on DEAE A-50 and promising results have been 

obtained. The work being reported here is the extension of the work narrated above, but with the change that protease 

of Calotropis procera8 was substituted by protease of Carica papaya for immobilization on DEAE-cellulose as it 

exhibited high protease content and increased life span than protease of Calotropis procera8 and Euphorbia royleana9. 

This system will be useful for the preparation of protein products such as amino acid, polypeptides etc. These 

immobilized enzymes will be better stored without denaturation. 
 

2. MATERIAL AND METHODS  
In order to immobilized protease of carica papaya following steps as follows: 

2.1 Preparation of sample 
Carica papaya was freeze-dried to preserve the enzymes activity over long period of time Veterinary Research 

institute, Harikey Road Lahore, provided the freeze- drying facility. The freeze-dried sample was ground to fine 

powder. The fine powder sample was stored in bottle at -16 ºC in a deep freezer. This sample was used for the 

determination of protease activity and afterwards for immobilization of the enzyme. After removal from the deep 

freezer the enzyme sample was kept below -20 ºC to prevent its denaturation. 

2.2 Assay of protease activity  
Assay of protease activity was carried out by the Method of McDonald and Chen10 modified and applied by Khan et al 
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in the paper entitled "Continuous proteolysis of casein by the cell bound protease of Carum copticum11" and 

"immobilization of carica papaya on activated charcoal12".  
 

2.3 Determination of binding of enzyme with DEAE-cellulose  
0.5 g DEAE-cellulose was weighed and placed in a 100 ml conical flask containing 25 ml phosphate citrate buffer pH 

7.0 and 5 ml enzyme sample was subsequently added in the conical flask. The contents were kept at room temperature 

at around 30 ºC for 24 hour with occasional shaking. The material was centrifuged. The protease activity of the 

supernatant was assayed and compared with the protease activity of the untreated enzyme. The precipitates were 

washed with phosphate citrate buffer solution of pH 7.0 repeatedly. The washed precipitate was the immobilized 

enzyme. The protease units immobilized on DEAE-cellulose were determined by subtracting the protease units present 

in the supernatant from the total protease units present in 5ml enzyme sample. The result was also checked by the 

direct determination of the activity of the immobilized enzyme. 
 

2.4 Continuous proteolysis by enzyme immobilized on DEAE-cellulose 
The stages involved in the development of DEAE-cellulose system are briefly described below: 
 

2.4.1 Packing of the column 
7 g of DEAE-cellulose was suspended in 400 ml phosphate citrate buffer at pH 7.0. A glass column of volume 50 cm3 

and size 18 × 1 inch (dia) was packed and equilibrated with the buffer and allowed to settle over night with the starting 

buffer standing on it. 
 

2.4.2 Application of the enzyme sample 
20 ml of the enzyme sample was applied at regular intervals in 5 ml fractions, each time to the pre-packed column. A 

continuous elution was subsequently carried out and 5 ml fractions were collected. Each of the fractions was assayed 

for its protease activity. The running was continued till the activity vanished, indicating that no soluble enzyme was 

left in the column and remainder immobilized on DEAE-cellulose. The protease activity was plotted against fraction 

number to construct the elution diagram of eluted soluble protease. 
 

2.4.3 Application of the substrate 
1 g of Casein substrate was dissolved in 100 ml phosphate citrate buffer pH 7.0 and transferred to the top of the 

column applying 5 ml at a time after the previous almost disappeared. It was then passed continuously through the 

column containing immobilized enzyme. The column swelled up due to the binding of casein with the DEAE-

cellulose. The eluate was collected in 5 ml fractions for 12 hour every day. The column was kept closed during night. 

The fractions collected were assayed for the soluble products of proteolysis by precipitating undigested protein, for 

analysis every alternate fraction was treated with 5 ml, 5 % TCA, filtering and using I ml the filtrate was mixed with 5 

ml of alkaline reagent prepared by mixing 98 ml of 2 % sodium carbonate, 1 ml of 2.7 % sodium potassium tatrate, 1 

mL copper sulphate, 2 ml 1 N sodium hydroxide was added to make the contents of the tube alkaline and developing 

blue colour with Folin and Ciocaleu phenol reagent and finally reading the optical density of the colour in a 

spectrophotometer at 660 nm as done under assay of protease activity. The elution diagram was constructed by 

plotting the optical density corresponding to each fraction as a function of fraction number. After an elution of 12 

days, the column was stopped for one week and the elution was restarted. The products of proteolysis were determined 

as above. An elution diagram was similarly constructed. 
 

3. RESULTS  

 
3.1 Adsorption of enzyme on DEAE-cellulose 
The results of the experiment on the study of the binding of the enzyme with DEAE-cellulose are given below: 

Number of protease activity units present in 5 ml extract = 50; Number of protease activity units present in the 

supernatant = 20; Number of units immobilized: 50 -20 = 30; Percentage of immobilized enzyme: 30/50*100 = 60 %; 

Percentage of soluble enzyme: 20/50*100 = 40 %. 

The results indicate that DEAE-cellulose has a significant tendency to adsorb and immobilize the protease of Carica 

papaya.  
 

3.1.2 Protease Activity of Unbound Enzyme Eluted from DEAE Column 
The protease activity of the fractions collected after elution with buffer pH 7.0 after sample application is shown in 

Fig.1

 

From the profile it is evident that the entire unbound enzyme was eluted after collection of first 12 fractions, i.e. 60ml 

elution volume.  
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Fig-1: Change in enzyme activity of the unbound protease of Carica papaya during elution with 0.2M-citrate phosphate buffer pH 

7.0 from DEAE-Cellulose column (Days 1-2) 
 

 

3.1.3. Proteolysis by DEAE Cellulose Bound Enzyme 
The progress of continuous proteolysis of casein by the protease immobilized on DEAE Cellulose for 12 days is 

shown in Fig.2. 
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Fig-2: Elution diagram showing the extent of proteolysis by DEAE Cellulose immobilized protease of Carica papaya packed in 

chromatographic column after application of the casein substrate pH 7.0 (Days 1-12). 
 

The profile (Fig-2) indicates that significant proteolysis occurs when the substrate is passed through the bed of DEAE-

cellulose with protease immobilized to it. Two points remarkable about the diagram are as under: 

 

1. No clear sharp peaks are obtained. 

2. Optical density increases up to 46th fraction having optical density (1.0), with some fall and rise in the 

profile then decreases and becomes almost constant. 
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The progress of proteolysis after stopping running of the column for one week and restarting from 20th day after the 

application of sample and ending of 30th day is shown in Fig-3. 
 

 
Fig-3: Elution diagram showing the extent of proteolysis by immobilized enzyme at pH 7.0 after keeping the column closed for 

one-week continuous elution (Days 20-30). 
   

4. DISCUSSION  
The results indicate that the percentage of immobilization on DEAE-cellulose 67 % seems significant. 

The present work was compared to those using other supports such as the %age of immobilization of the 

protease of Calotropis procera8 on Amberlite CG-50 that was 23 % and percentage of immobilization of the protease 

of Euphorbia royleana9 on DEAE A-50 that was 30%, which is quite less than the percentage of Carica papaya 

immobilization on activated charcoal12 that is 81 %. Here, an important question to be answered is why the whole 

enzyme was not completely adsorbed by DEAE-cellulose. The complete adsorption would have been possible only if 

the enzyme was just one species and DEAE-cellulose was in excess. As the Carica papaya might be a mixture of a 

number of proteases differing in their general and binding characteristics. Thus, the incomplete binding was not 

unexpected. After the substrate was applied to DEAE-cellulose column, the bed swelled up. This happened due to the 

binding of casein with DEAE-cellulose, which caused a partial choking of the column. That is why the flow rate fell 

with the passage of time. The extent of proteolysis is well clear from Fig. 1 and 2. A numbers of peaks are present in 

the elution diagram, which show that significant proteolysis was caused by immobilized enzyme. Out of those 

obtained, at least one high peak corresponds to some fraction of the eluate collected in a day. The high peak was 

obtained due to the fact that column was stopped during night and thus the substrate remained in contact with the 

enzyme for about 12 h and thus extensive hydrolysis occurred in the vicinity of the site of the enzyme location in the 

column. Another interesting feature of the nature of proteolysis is that the height of the peak increases in certain cases 

with the passage of time (Fig. 2). This happened due to partial chocking and fall in the flow rate. Thus, due to 

reduction in the flow rate the time of contact between the enzyme and the running buffer increased several fold 

resulting into extensive proteolysis. The column was stopped for 7 d. The proteolysis caused by the enzyme was 

significantly higher even in the 30 d. No proteolysis was recorded after 30 d. The life span of protease of Carica 

papaya bound on DEAE-cellulose(30 d) is greater than the life span of Euphorbia royleana9 bound to DEAE A-50 

that was 20 d and even greater than that of immobilized protease of Calotropis procera8 bound to Amberlite-50 that 

was 21 d. From the results reported and discussed above, it is quite clear that the study was a successful attempt 

towards the development of the immobilized enzyme system and towards the exploration of techniques to preserve 

enzymes in a modified form. The work may also be extended to the study of development of the appropriate system 

for immobilization of the enzymes other than proteases for their use in commercial sector. 
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ABSTRACT 
The electrochemical Kinetic study of 1, 1′- Dibenzoylferrocene (DBF) at a platinum working electrode in 0.1 mol dm-3 NaClO4 

non aqueous medium has been studied by Cyclicvoltammetry. The heterogeneous electron transfer rate constants (ks) and the 

diffusion coefficients (Do) of DBF were estimated at various temperatures (283 – 323 K) and at different scan rates (0.05 – 0.5 V 

s-1). A calibration curve, linear over the range of 1x10-3 – 9x10-3 mol dm-3, was plotted at the scan rate of 0.25 Vs-1. This plot can 

be used to analyze an unknown sample of the compound. The kinetic data was also used to evaluate the Activation energy (Ea). 

The thermodynamic parameters such as enthalpy change of activation (ΔH*), Entropy change (ΔS*) and Gibbs free energy change 

(ΔG*) were also investigated during the study. 
 

Keywords:1, 1'-dibenzoylferrocene (DBF), cyclic voltammetry, heterogeneous electron transfer rate constant (ks) and the 

diffusion coefficient (Do) 

 
1. INTRODUCTION 
Ferrocene is an organometallic compound having formula Fe (C5H5)2. It has been attained the deep interest of the 

researchers toward it’s unusually stability and medicinal uses of its derivatives. Compounds of ferrocene such as 

Ferroquin and Hydroxy-Ferrocifen are used as an anti-malaria drug and for the Tamoxifen resistant breast cancer 

respectively. These products are also widely employed for other multiple purpose applications1, 2.The industrial and 

medicinal importance of ferrocene and its derivatives are increasing day by day. For this purpose spectrochemical and 

electrochemicalbehavior of ferrocene moieties have been sought after. Ferrocene and its derivatives undergo 

reversible oxidation.3 In benzoyl-substituted ferrocene an intramolecular charge transfer reaction takes place from the 

iron atom attached with the cyclopentadienyl ring where it is then delocalized over the carbonyl group conjugated to 

the cyclopentadienyl ring. In contrast with Ferrocene, 1, 1’-dibenzoylferrocene behave as the best photoinitiator.4-6 It 

may decompose into free radicals and initiate the anionic polymerization when exposed to light. For this reason 

ferrocene and its derivatives has attracted attention in optical sensor technology and polymer science. Thermodynamic 

parameters along with kinetic aspect have also been reported for ferrocene and some of its derivatives.7-10 When 

ferrocene placed at the terminal positions in a molecule it may under go an electron transport process.8,11 The solution 

photochemistry of benzoyl-substituted ferrocene has been investigated in substantial detail.12,13 

Cyclic voltammetry is a very sophisticated and useful electrochemical technique which is commonly used to 

investigate the electrochemical behaviors of numerous compounds. The electrochemical behavior of ferrocene 

derivatives is usually characterized by a reversible voltammetric wave corresponding to the ferrocene/ferrocenium 

redox couple.14 Electrochemical behavior of Ferrocene and its derivatives has beenstudied at different electrode 

including platinum, glassy carbon, graphite and Gold electrode by different worker and researchers on the basis of 

their inertness.3, 4, 16In our investigations Platinum working electrode has proved to be better option than others. 

In the present work kinetic study of 1, 1′-dibenzoylferrocene has been pursued and the cyclic voltammetryhas 

been employed towards this goal.To meet this objective 1, 1′-dibenzoylferrocene was electrochemically investigated 

by using platinum working electrode in non aqueous methanol system. 0.1 mol dm-3 NaClO4 was used as an 

electrolyte. Effects of concentration of the product, Scan rate and temperature were studied as a function of Peak 

current Ip. The kinetic data was used to evaluate the Activation energy (Ea) and to calculate the thermodynamic 

parameters such as enthalpy change of activation (ΔH*), Entropy change (ΔS*) and Gibbs free energy change (ΔG*). 
 

2. EXPERIMENTAL 
2.1 Chemicals 
All the chemicals including ferrocene, benzoyl chloride, dichloromethane, anhydrous aluminum chloride, sodium 

chloride, ethanol, methanol, sodium per chlorate were of analytical grade (Merck or RDH). Deionized water was 

employed during synthesis of the product. 
 

2.2 Synthesis and Characterization of 1, 1′-dibenzoyl ferrocene 
The product, 1-1′-dibenzoyl ferrocene has been prepared, according to the previously reported method15, by acylation 

of ferrocene with benzoyl chloride in presence of anhydrous aluminum chloride. The product was recrytallized with 

ethanol. Due to highly photoinitiation nature of DBF all the reaction system was kept in dark. The structure 

characterization of synthesized derivative was carried out by using IR1,HNMR13,CNMR and mass spectrometry.

http://en.wikipedia.org/wiki/Organometallic_compound
http://en.wikipedia.org/wiki/Free_radical
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The IR-Spectral study was carried out in the 4000-500 cm-1 in KBr disc. Only strong bands were considered for study. 

In this spectrum appearance of the strong bands at (1784.2, 1707.2, 1634.8, 1601.9) cm-1 may be assigned to the 

aromatic ketone part of the 1, 1'-dibenzoylferrocene, where as peaks at (3416.7, 1492.3, 1448.8, 1100.6, 999.7, 814.2 

and 778.8) cm-1 may be ascribed to the ferrocene part of the complex as bands in these regions are observed in the 

spectrum of ferrocene. Mass spectrum of the synthesized complex confirms the formation of 1, 1'-dibenzoylferrocene. 

The m/e ratio of the complex found to be fit for 1, 1'-dibenzoylferrocene, i.e., m/e = 394.24. 1HNMR spectrum of 1, 

1'-dibenzoylferrocene shows intense signals on 4.58, 4.92, 7.43, 7.45, 7.52, 7.56, and 7.77 – 7.79 ppm. Thus the 

derivative was found to be 1, 1′-dibenzoylferrocene, having chemical formula C24H18FeO2.  
 

2.3 Instrumentation 
CHI 660 C Electrochemical analyzer / work station is used to record the cyclic Voltammogram. A double walled glass 

cell with a volume of 20 ml connected with three electrodes, purged with nitrogen, has been employed for recording 

the electrochemical data. Platinum working electrode is used as anode, which was polished with 0.05 micron Gamma 

Alumina Powder and,rinsed with deionized water before each run,Ag/AgCl electrode is as reference electrode and a 

platinum wire provided the counter electrode. 

Temperature of the system was altered by using Haake KT33 temperature bath connected to a double walled 

glass cell assembly. 
 

2.4 Procedure 
Stock solutions of 1-1′-dibenzoyl ferrocene of different concentrations 1.0x10-3, 3.0x10-3, 5.0x10-3, 7.0x10-3 and 

9.0x10-3 mol dm-3 were prepared which contained 0.1 mol dm-3 NaClO4 in non aqueous methanol system. Since the 

compound is light sensitive therefore each time fresh solutions were prepared before every run. A known volume of 

each solution was placed in the double walled reaction cell connected with three electrode assembly. 0.1 mol dm-

3NaClO4is used as electrolyte in non aqueous alcoholic medium. All solutions were thoroughly flushed with high 

purity nitrogen for 20 min, to remove oxygen from solutions in the electrochemical cell. Effect of change in 

concentrations, of 1, 1′-dibenzoylferrocene, over peak current was monitored at different scan rates from 0.1– 0.5 Vs-1. 

The measurements forheterogeneous electron transfer rate constants (ks), the diffusion coefficients (Do) and the 

thermodynamic parametersof 1,1'-dibenzoylferrocene were carried outat different temperature from283 – 323K.  
 

3. RESULTS AND DISCUSSION 
Electrochemical oxidation of 1, 1'- dibenzoylferrocene (DBF), at the three electrode assembly, with platinum as a 

reference electrode, in 0.1 mol dm-3sodium per chlorate inmethanol system have been studied by cyclic voltammetry 

(CV). Cyclic Voltammogram of 1.0 x10-3 mol dm-3 DBF, in methanol systems.The peak potential of cathodic and 

anodic reaction were found to be around 0.4 to 0.3V, respectively. The detailed study of peak potential and their 

corresponding currents were observed at different sweep rate and temperatures Table-1. 
 

 
Fig-1: Cyclic Voltammogram of 1.0 x 10-3 mol dm-3 DBF in methanol (0.1 mol dm-3NaClO4, 298 K)Pt vs Ag/AgCl electrode at 

different Scan rates (0.05 – 0.5 Vs-1) 
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Table-1: Scan rate (ν), anodic (Epa) and cathodic (Epc) peak potentials a anodic and cathodic current ratio (Ipa/Ipc), anodic and 

cathodic peak separation ( Ep) and half-wave potentialand(E1/2) for DBF in methanol 

(V. s
-1

) Epa (V) Epc (V) E1/2 (V) Epa -Epc (V) Ipc / Ipa 

283 K 

0.05 0.431 0.319 0.375 0.112 0.983 

0.10 0.432 0.318 0.375 0.114 0.970 

0.15 0.433 0.318 0.375 0.115 0.983 

0.2 0.433 0.318 0.375 0.115 0.967 

0.25 0.433 0.318 0.375 0.115 0.987 

0.05 0.435 0.317 0.376 0.118 0.903 

0.10 0.438 0.316 0.377 0.122 0.916 

0.15 0.439 0.315 0.377 0.124 0.955 

0.2 0.440 0.314 0.377 0.126 0.958 

0.25 0.441 0.314 0.377 0.127 0.983 

0.05 0.433 0.319 0.375 0.112 0.983 

293 K 

0.05 0.434 0.324 0.379 0.110 1.513 

0.10 0.434 0.323 0.378 0.111 1.003 

0.15 0.435 0.323 0.379 0.112 1.339 

0.20 0.435 0.322 0.378 0.113 1.019 

0.25 0.435 0.322 0.378 0.113 1.066 

0.30 0.437 0.320 0.378 0.117 1.286 

0.35 0.439 0.318 0.378 0.121 1.064 

0.40 0.439 0.316 0.377 0.123 1.062 

0.45 0.440 0.315 0.377 0.125 1.071 

0.50 0.442 0.315 0.378 0.127 1.000 

303 K 

0.05 0.431 0.323 0.377 0.108 0.968 

0.10 0.432 0.320 0.376 0.112 0.959 

0.15 0.433 0.320 0.376 0.113 0.991 

0.20 0.433 0.319 0.376 0.114 0.985 

0.25 0.434 0.318 0.376 0.116 0.967 

0.30 0.435 0.315 0.375 0.120 0.997 

0.35 0.435 0.314 0.375 0.121 0.905 

0.40 0.438 0.314 0.376 0.124 0.920 

0.45 0.440 0.313 0.376 0.127 0.923 

0.50 0.442 0.313 0.377 0.129 0.930 

313 K 

0.05 0.434 0.325 0.379 0.109 0.942 

0.10 0.435 0.325 0.38 0.11 0.939 

0.15 0.436 0.324 0.38 0.112 0.949 

0.20 0.436 0.323 0.379 0.113 0.929 

0.25 0.437 0.321 0.379 0.116 0.950 

0.30 0.438 0.321 0.379 0.117 0.981 

0.35 0.439 0.320 0.379 0.119 0.988 

0.40 0.443 0.320 0.381 0.123 0.954 

0.45 0.444 0.319 0.381 0.125 0.986 

0.50 0.445 0.313 0.379 0.132 0.974 

323 K 

0.05 0.389 0.369 0.379 0.020 0.973 

0.10 0.398 0.362 0.38 0.036 0.980 

0.15 0.412 0.342 0.377 0.070 0.942 

0.20 0.437 0.329 0.383 0.108 0.925 

0.25 0.438 0.322 0.380 0.116 0.927 

0.30 0.439 0.322 0.381 0.117 0.945 

0.35 0.441 0.319 0.380 0.122 0.948 

0.40 0.445 0.314 0.379 0.131 0.959 

0.45 0.446 0.305 0.376 0.141 0.957 

0.50 0.451 0.299 0.375 0.152 0.982 
 

The Ipa/Ipc values of DBF in methanol systems are ≈ 1 and hence a reversible electron transfer reaction without any 

coupled chemical reaction. 
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For a reversible electron transfer process the no of electron calculated by the following equation16. 

nF

RT
2.2EE p

2

p  

Where Ep is the peak potential,Ep/2the half peak potential at half value of the peak current,is the number of 

electroninvolve in the process and F is the Fraday constant. 

The curve obtained from the peak current Ip vs υ 1/2 plot, has been used for calculating the values of diffusion 

coefficients for the complex i.e., 1, 1'- dibenzoylferrocene in non aqueous methanol the system.  

The plots of anodic currents, Ipa versus the square root of the scan rate for DBF were linear which indicate that 

reactions are diffusion controlled, Figure-2. 
 

 
Fig-2: The plot of Ipa vs υ 1/2 of 1.0 ×10-3mol dm-3 DBF in methanol at 283 K 

 

A comprehensive study was carried out to check the effect of change in concentration of DBF over Peak currents Ipa, 

at the scan rate of 0.05 V/s and at 298 K, which shows a linear trend over the concentration range of 1x10-3 – 9x10-3 

mol dm-3as shown in Figure-3.It shows that the procedure can be adopted to analyze an unknown concentration of 

DBF.Effect of change in concentration of DBF on Peak current Ipa in methanol is shown in Figure-3. 
 

 
Fig-3: Plot of Ipa vs. the concentration of DBF in methanol, υ: 0.05 V/s at 298 K. 

 

As the values of anodic and cathodic peak potentials are slightly dependent on the scan rate therefore redox potentials 

for a couple is usually expressed as half wave potential E1/2. The values of E1/2were found to be independent of change 

in scan rate. The half wave potential can be determined by using following relationship.17 

 
22/1

E
EE

p

pa
     (1) 

Where, Epa is the anodic peak potential and Ep is the difference between anodic and cathodic peak potentials. The 

values of E1/2 almost constantwithin the given rangeof temperature.The peak separation values, Epvalues of DBF in 

methanol systemis quasireversible as the Ep are greater than 0.057V, as shown in Table-1. 
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It was also observed that separations between peaks potentials increase with the increase in scan rate, as shown in 

Figure-4, is the indication of charge transfer kinetics18-20The values for E1/2 remain constant up to two decimal places; 

regardless of the scan rate one electron transfer process seems to be occurring in both the cases as potential is scanned 

in the anodic direction. The value of ratioIpc/ Ipais almost constant with increase in scan rate as shown in Table-1.These 

values are approximately equal to 1, which shows the stability of the product and also suggest the single electron 

transfer reaction.In addition to that the anodic peak currents vary linearly with the square root of the scan rate as 

shown in Figure-2. These results lead to the conclusion that the dibenzoyl derivative of ferrocene oxidized quasi-

reversibly from Fe (II) to Fe (III) at Platinum electrode. 
 

 
Fig-4: The plot of Epa-Epc vs  of 1.0×10-3 mol dm-3 DBF in methanol at 303 K 

 

The values of diffusion coefficients for the complex i.e., 1, 1’- dibenzoylferrocene (DBF), in methanol solutions were 

calculated using Randles- Sevcik equation21. 
 

Ip = 0.4463(nF) 3/2 (RT) -1/2 AC Do
 1/2 υ1/2(2) 

 

Where Ip is the peak current in amperes, n is the number of electron transferred in the reaction, F is the Faraday 

constant, R is the general gas constant, T is temperature in Kelvin, A is the surface area of the electrode (0.0314 cm2 

in this case), C is the concentration in mol dm-3, Do is the diffusion coefficient in (cm2s-1) and υ is the scan rate in (Vs-

1). 
Table-2: Effects of change in concentration of DBF over Peak currents Ipa at 298 K at the scan rate of 0.05 Vs-1

. 

Concentration ×10
-3

 (mol dm
-3

) Ipa ×10
-5

A 

1.0 1.214 

3.0 3.301 

5.0 5.304 

7.0 6.752 

9.0 8.091 
 

 
Fig-5: The plot of Ipa /

1/2 vs. Scan rate of 1.0×10-3 mol dm-3 DBF in methanol at 303 K
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The Value of Diffusion Coefficient Do was evaluated by using the plot of Ipa vs υ1/2.These value were calculated for 

methanol systems of DBF and are reported in Table-3. Diffusion Coefficient Do was found to increases with increase 

of temperature as the absolute viscosity of the solvent system decreases as shown in Figure-6. 
 

 
Fig-6: The plot of Do of 1.0×10-3 mol dm-3 of DBF in methanol at different temperatures  

 

Table-3: Summary of results pertaining to kinetic studies of DBF in methanol. 

T 

(K) 

E1/2 

(V) 

Do 

(×10
-5

cm
2
s

-1
) 

ks 

(×10
-3

s
-1

) 

At 0.25V/s 

283 0.376 0.694 3.998 

293 0.376 0.720 4.127 

303 0.376 0.767 4.350 

313 0.379 0.796 4.517 

323 0.380 0.800 4.609 
 

The values of Heterogenous Rate Constant (ks) for the complex i.e., 1, 1’- dibenzoylferrocene (DBF), in non aqueous 

medium were calculated using Kochi equation22: 
 

ks = 2.1 ca

o EpEp
RT

nFβ

RT

nFVβD 22/1

exp (3) 

 

Where Ip is the peak current (in Amperes, A), n is the total number of electronstransferred in overall reaction, F is the 

Faraday’s constant, A isthe apparent surface area of the electrode (in cm2), and C is the bulkconcentration of the 

reactant (in mol cm-3). Where  is a dimensionless parameter known as electron transfer coefficient,For 

quasireversible reaction it is usuallypractice approximate to 0.523. The n is the number of electron transferred in the 

reaction and Do is the diffusion coefficient (in cm
2
s

-1
), υ is the scan rate in (V s

-1
).Epa is the peak potential of anodic 

peak and Epc is the peak potential of the cathodic peak. The other parameters have their usual meanings. 
 

Table-4: Summary of results pertaining to thermodynamic studies of DBF in methanol system. 
ΔH

#
 (kJ mol

−1
) ΔS

#
 (J K

−1
mol

−1
) Ea (kJ mol

−1
) ΔG

#
 (kJ mol

−1
) 

1.601 -40.05 1.996 10.53 
 

The effect of temperature on reaction kinetics was studied by using Arrhenius relation24 

 

RT
Ak

Ea

303.2
lnln (4) 

 

Where Ea is energy of activation, R is general gas constant, A is the Arrhenius factor. Theactivation energy was 

evaluated from the slop of the plot of ln k vs 1/Tas shown in Figure7. The value of activation energy, of 1x10-3M DBF, 

was found to be 24.445 K J/mol. 

 Thermodynamic parameters such as enthalpy change of activation ΔH* and Entropy change ΔS* were 

calculated by using heterogeneous rate constant data evaluated at different temperature, 24-26as shown in Figure-8. 
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R

S

RT

H

z

k

het

s

*

ln (5) 

Where, Z het
is the collision number for heterogeneous electron transfer process and its value can be calculated by 

using the following relation
25-27

 

2

1

2

R
zhet

(6) 

 

The heterogeneous rate constant ksincrease with the temperature which shows that the oxidation of DBF is 

endothermic. 

Negative value of entropy shows that reaction is non spontaneous. Gibbs free energy change (ΔG*), for the 

oxidation of DBF in non aqueous methanol system, were calculated by using following relation ships: 
 

*303** SHG (7) 
 

 
Fig-7: The plot of 1/T vs ln k of DBF in methanol for the evaluation of Ea for theoxidation of DBF in methanol system 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig-8: The plot of 1/T vs ln k of DBF in methanol for the evaluation of thermodynamic parameters for the oxidation of DBF in 

non aqueous methanol system. 
 

4. CONCLUSIONS 
The electrochemical oxidation of DBF has been carried out in 0.1 mol dm-3 NaClO4 non aqueous methanol solutions 

has been studied by cyclic voltammetry at different temperatures (283 – 323 K). DBF exhibits a quasireversible one 

electron transfer process over the whole temperature range. The reaction showed diffusion controlled process which is 

not coupled to any other reaction on this time scale. The diffusion coefficient of DBF showed linear dependence on 

temperature. The values of E1/2were found to be independent of change in scan rate. Thermodynamic parameters such
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 as Activation energy (Ea), enthalpy change of activation (ΔH*), Entropy change (ΔS*) and Gibbs free energy change 

(ΔG*) indicated a non spontaneous process were also investigated during the study.  
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ABSTRACT  
In this study, protective effect of geraniol administered intraperitoneally on levels of Fe, Zn, Cu, Ca, Mn and Mg elements in lung 

tissue of the rats exposed to oxidative stress with H2O2 were investigated. In our study, 24 male rats in total were used. Four 

groups with equal number of male rats in each were created and designated as control (K), H2O2 (H), geraniol (G), H2O2+geraniol 

(H+G). 50 mg/kg of geraniol and 20 mg/kg of H2O2 were injected intraperitoneally every other day for a period of 30 days. In this 

study, levels of Fe and Ca were higher in H group when compared with others groups (p<0.01). Levels of Fe and Ca compared 

with the H group decreased in H+G group, they were equal level with K group. Levels of Mn and Zn in H group decreased when 

compared with to the other groups (p<0.01). Levels of Mn and Zn in H+G group were found to be near to K group. The difference 

of Cu and Mg levels among the groups were found as not significant (p>0.05). According to our results, it can be concluded that 

hydrogen peroxide administered to rats as a source of oxidative stress caused a negative impact on macro and micro elements in 

lung tissue that geraniol eliminated negative impact of hydrogen peroxide on element levels. 

 

Keywords: Geraniol, H2O2, lung, rat, trace element 

 
1. INTRODUCTION 
Recent studies, geraniol, an acyclic monoterpene alcohol found in lemongrass and aromatic herb oils, has been shown 

to exert antitumor efficiency against murine leukemia, hepatoma, and melanoma cells1-4. Camphene and geraniol were 

found to significantly decrease lipid peroxidation5. In a study by Burke et al., geraniol and farnesol were administered 

to rats with pancreatic cancer tumor for 20 days. It was reported that geraniol and farnesol were effective on pancreas 

tumor and reduced tumor radius6.  

It is reported that any change in normal physiological limits of transition metals result in antioxidant system 

and reactive oxygen species (ROS) production being affected7-10. Trace metals, especially iron are implicated as 

causative agents in excessive generation of free radical which are capable of causing oxidative damage to 

erythrocytes11,12. It is stated that some elements have a significant role during biological processes covering activation 

or inhibition of enzymatic reactions. The association of trace elements with oxidative stress and cancer diseases has 

known13. The most important damage caused by hydroxyl radical is free radical chain reaction known as lipid 

peroxidation. Since cell membrane doesn’t contain water, the primary target of OH is fatty acids. Peroxidation of 

membrane lipids decomposes the membrane structure and increases permeability leading to cell death14. Some metals 

combining with excess hydrogen peroxide, such as Fe and Cu, increases hydroxyl radical formation by Haber-Weiss 

reactions. Hydroxyl radical is also an over oxidizing reactive radical and can be involved in DNA hydroxylation, 

protein aggregation, and can interaction with some biomolecules7,15
.  

 

2. MATERIALS AND METHODS 

 

2.1 Chemicals  
HNO3 (65%), HClO4 (60%) and of H2O2 (30%) were obtained from Merck Chemical Company. Geraniol (98%) was 

obtained from Sigma Aldrich.  
 

2.2 Laboratory animals 
Male Wistar albino rats used in the experimental study were supplied from Firat University Medical School 

Experimental Research Centre (FÜTDAM) and experimental study was performed in the same place. The temperature 

of the environment where laboratory animals were kept was held stable in the range 22-250C and the animals were 

monitored for 12 hours under light and 12 hours in dark. During experimental studies, a total of 24 four -months-old 

wistar albino male rats weighing 260 gr (260±40 gr) in average were used. Criteria specified by NIH (National 

Institutes of Health) with respect to animal rights were strictly followed during the experiment. Four groups, namely 

control group, H2O2 group, geraniol group and H2O2+geraniol group, were created in the experiment. Corn oil was 

given to control group. 50 mg/kg of geraniol and 20 mg/kg of H2O2 were administered to the rats. H2O2 solution was 

administered following its preparation in distilled water. Geraniol was administered after it was prepared in corn oil. 

Corn oil was also given to H2O2 group as standard. Abovementioned compounds were intraperitoneally injected to rats 

every other day for a period of 30 days. At the end of 30 days, the rats were decapitated and their lung tissues were 

removed by surgical procedure and allowed to stand at -200C until analysis.  
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2.3 Solubilizing lung tissue samples  
1.5 mL of HNO3 and 1.5 mL of HClO4 were added to 0. 4-1.0 grams of lung tissue samples and they were allowed to 

stand for 3 hours; then, following administration of 2 mL of H2O2, solubilization procedures were carried out in closed 

system PTFE (polytetrafluorethylene) containers in a microwave oven. Digestion program in microwave oven was 

applied as 5 minutes at 250 W, 10 minutes at 800 W, and 5 minutes at 450 W. The resultant clear mixture was 

completed to 10 mL with a solution of 0.1 M HNO3. Same methods were applied also for blank solutions not 

containing any tissue16.  
 

2.4 Analyzing lung tissue samples 
Sample solutions prepared for analysis were analyzed for Zn, Cu, Fe, Ca and Mg by atomic absorption 

spectrophotometer via calibration curve method provided that each group is tested separately, and dilution was 

performed for some elements and direct reading was performed for others. Mn analysis was carried out by Inductively 

coupled plasma atomic emission spectroscopy (ICP-AES).  
 

2.5 Statistical analysis  
Statistical evaluation was performed by SPSS:10 programs. Comparison between the groups was performed by 

Variance analysis (ANOVA) and Least Significant Difference (LSD) test was performed to compare the results from 

different groups. P-value of less than 0.05 was accepted as statistically significant.  
 

3. RESULTS AND DISCUSSION 
The levels of some elements are directly associated with various factors (such as nutrition, age, disease, environment, 

etc). Zn, Cu and Mn in particular, besides being an immunity factor in infection diseases, show protective feature 

against oxidative stress and cancer. While levels of trace elements in tissues lower than normal cause some diseases, 

higher levels create toxic reactions17. Some elements level in analyzed lung tissue is given in Table-1.  
 

Table-1: Lung tissue levels of some elements (ppm) (n=6).  

Groups Fe Cu Zn Ca Mn Mg 

K 61.13±3.02a 0.95±0.02a 15.76±1.26a 79.16±4.43a 0.18±0.01a 35.45±2.47a 

H 77.27±3.11c 1.02±0.05a 9.05±0.35d 93.70±4.50b 0.15±0.01d 32.10±1.34a 

G 58.44±4.12a 0.90±0.04a 16.28±1.45a 75.88±4.10a 0.19±0.01a 36.02±3.27a 

H+G 70.46±4.83a
 1.01±0.07a

 15.43±1.19a
 82.43±3.28a

 0.18±0.01a
 34.49±1.79a

 

a,b,c,d: Different letters in the same columns indicate statistical differences (P<0.01) 
 

As a result of the analyses performed, we observed that Fe level was higher in group H2O2 (p<0.01). In the case of 

group H+G, we observed that the amount of iron which was initially high decreased and approached to the amount in 

control group as a result of the effect of geraniol. From these results, we believe that geraniol eliminated negative 

radical effect of H2O2 at Fe level. Excess H2O2 is believed to increase oxidative stress even more, increase iron intake 

and storage (i.e. by increasing iron in the cell) and increase oxidative damage, fenton reaction18, 19. It was reported that 

superoxide anions produce by oxidative stress and reducing agents increase releasing of iron from ferrite. “Iron 

hypothesis” claimed to take part in pathogenesis of atherosclerosis is the affect of endothelial damage and vascular 

cell proliferation by iron as a result of it increasing formation of free radicals, oxidant stress and lipid peroxidation 20. 

Ferrous iron (Fe2+) and ferric iron (Fe3+) form hydroxyl radicals by Fenton and Haber-Weiss reactions and entail 

cellular damage21. In skin tumorogenesis samples formed with (DMBA) 7, 12-dimethylbenz-[a]anthracene, 

significantly high amounts of iron were determined22,16. In was reported that in the case of thalassemia patients 

exposed to frequent transfusion, oxidative stress was generated in the medium as a result of excess iron load, and SOD 

enzyme activity was significantly higher in them than in control group23, 24.    

In analysis of tissue, level of Zn in H group was lower than in other groups (p<0.01). We observed that Zn 

levels compared with the H group increased in H+G group, it was equal level with K group. As in our study, there are 

studies in the literature investigating the association of Zn with oxidative stress. In a study, Zn was reported to act as a 

protector against radicals causing harm in the cell, such as reactive oxygen types, hydrogen peroxide (H2O2), hydroxyl 

radicals and singlet oxygen25. In a study by Çiftçi et al., it was stated that Zn level was lower in (7, 12-dimethylbenz-

[a]anthracene) DMBA administered subjects than in the control group and oxidative stress of lipoic acid caused a 

positive effect on Ca level by increasing it16.  

In our study, it was determined that Ca level was higher in groups that received H2O2 than in control group 

(p<0.01). In the case of group H+G, high Ca level was shown to decrease and approach to Ca level of control group 

due to the effect of geraniol. We believe that geraniol eliminates high Ca level that has increased as a result of 

oxidative stress. In several studies by Orrenius et al. (1992), it was reported that calcium related defense system 

enzymes become activated by increasing level of free calcium in the cell and calcium level increases in the cell in 

conjunction with free radical production26. Increase in Ca level has been reported in multiple myeloma patients 27. As 

a result of lung tissues analysis, level of Mn in H group was lower than in other groups (p<0.01). From our results, it 



Güneş et al, 2012 

 

193 

was determined that Mn level in H+G group was near K group owing to effect of geraniol. Manganese also serves as a 

free oxidation radical remover in the cases of low oxidation28. Singh and colleagues 29 

observed on the effectiveness of 

Mn as an intravenous superoxide scavenger in mammals, suggesting a antioxidant property of Mn. Manganese (Mn), 

an essential trace element, plays an important role in antioxidant defenses and is found in many enzymes, including 

mitochondrial superoxide dismutases, glutamine synthetase, alkaline phosphatase, and arginase30,31. The difference of 

Cu and Mg levels among the groups were found as not significant (p>0.05).  

 

4. DISCUSSION 

As a result, the substances of geraniol in the lung tissue of the rats in which we induced oxidative stress by giving 

hydrogen peroxide were seen to suppress the oxidative stress through exhibiting favorable effect at macro and micro 

elements level. In conclusion, it can be concluded that geraniol may a potential against oxidative stress.  
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ABSTRACT 
Polyethylene glycol 20000 was modified by copolymerization with 4, 4-Azo di benzoic acid, using cold-warm esterfication. The 

modified copolymer has been characterized by Fourier transform infrared spectrophotometer (FT-IR) which showed characteristic 

vibrational bands of OH, CO and N=N groups. The modified copolymer was subjected to differential scanning colorimeter (DSC), 

conductivity and swelling measurements. The obtained results of the thermal behavior (DSC) for the different percentage of 

prepared copolymers were (I=10% PEG +10% 4, 4-Azo di benzoic acid)= 54.2◦C, as well as (II=20%) = 68.6◦C, (III=30%) = 

81.5◦C, (IV=40%) = 93.3◦C and (V=50%) = 120◦C. This means that perfect results when the polyethylene glycol 50% mixed with 

50% of 4, 4-Azo di benzoic acid. While the conductivity of all copolymer in an aqueous phase with varying chain lengths of PEG 

reacted with 4, 4-Azo di benzoic acid, in different percentage were (I) = 75.6, (II) = 151.8, (III) = 165.3, (IV) = 226 and (V) = 277 

Λm(S.cm2.mol-1). In ethanol, the copolymers were observed to have electrolyte behaviors. The solubility of the prepared 

copolymer was tested in different solvents at 25◦C. It is highly soluble in DMSO and DMF and insoluble in other solvents. The 

experiment of measuring the degree of swelling under room temperature, in equal periods of time, showed good water uptake and 

required ~ 12 hours for reaching the equilibrium for the different percentage of prepared copolymers.  
 

Keyword: modification of polyethylene glycol 20000, 4, 4-Azo di benzoic acid, DSC, Conductivity, Swelling 

 
1. INTRODUCTION 
Poly (ethylene glycol) (PEG) is a linear polymer formed by the polymerization of ethylene oxide. PEG, 

usually indicates the polyether, of molecular weight less than 20000 is known to be inexpensive, thermally 

stable, recoverable, biologically compatible and non-toxic (Harris, 1992 & Harris, 1997). Furthermore, 

PEG and its mono methyl ethers have low vapor pressure, nonflammable, present simple workup 

procedures and can be recycled. For these reasons PEG is considered to be an environmentally benign 

alternative to chemical volatile solvents and a highly practical medium for organic reactions. PEG is most 

commonly employed as support for various transformations (PEG 2000-20000) (Juntao, et al. 2007& 

Mathmai, 2008), as a biologically acceptable polymer used extensively in drug delivery and bio 

conjugates as tools for diagnostics (Harris, 1992. & Rao, 1997. & Ying Shang, et al. 2008). But it can also 

be employed as an efficient medium for phase transfer catalysts. 

Its use as solvent in organic reactions is relatively recent and it is usually used in low molecular 

weights (< 2000) because it is either liquid at room temperature or has a low melting point (Campbell, 

1993. & Almousway, 2002 & Dickerson, et al. 2002). Although it is less popular, PEG is commercially 

available and is much cheaper than ionic liquids. Unlike the latter, its properties cannot be easily tuned. 

One of the major drawbacks in its use in organic reactions, which also applies to ionic liquids, is the 

inconvenience of using organic solvents to extract the products, even though it can also be used in both 

cases (Fontana, et al. 1995. & Talhavini, et al. 2000). 

Probably due to the higher popularity of other alternative solvents, especially ionic liquids, there 

are only a few examples in the literature of using PEG as solvent in organic reactions, which will be 

disclosed in this review. To the best of our knowledge this is the first review describing the use of PEG as 

solvent in organic reactions. And for this reason the influence of relative humidity (RH) on aging of 

AZO/PEG blends was also considered (Vieilla, et al, 2001. & Khajeh, et al, 2006). 

Azo compounds have a great biological activity as well as industrial importance because of their mutagenic 

and carcinogenic effects (Patai, 1975). They are capable of oxidizing many compounds bearing the functional groups 

R-N=N-R' (Azo-dyes), in which R and R' can be either aryl or alkyl groups. These compounds are widely used and 

discarded in worker collections. Additionally, azo-dyes can cause biological alteration (Houk, 1992. & Chung, 1992).  
 

2. MATERIAL AND METHODS 
All chemicals were obtained from specially Poly (ethylene glycol) with a molecular weight of 20000 g/mol (Fluka), 

and were used without purification. Infrared spectra of the azo compounds and its copolymer were recorded on 

(shimadzu, FTIR.8400s) in the range (4000-400) cm-1 using KBr pellets. Molar conductance of the copolymer was 

determined in ethanol (10-3) at room temperature using (Philips PW-Digital Conduct meter).  
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3. SYNTHESIS METHOD OF COPOLYMER AND SCHEME 

 
3.1 Synthesis of copolymers PEG- CO - AZO 
Synthesis of copolymer PEG (Mwt = 20000) with 4, 4-Azodibenzoic acid (Mwt = 270), was initiated from the starting 

material P-Nitro benzoic acid (I), (Khalil, at el. 2007). As shown in scheme (1). 
 

COOH

NO2

Glucose

NaOH

HOOC N=N COOH

 
Scheme-1: Showed synthesis of 4, 4-Azodibenzoic acid (I). 

 

To synthesis the copolymer; 10gm (0.1590mmol) of poly (ethylene glycol) were dissolve in distilled water and the 

solution was then introduced into a 250 ml two necked round bottom flask contains magnetic bar and fitted with a 

thermometer. The solution was then stirred and heated to reach 50-60ºC, and 2-3 drops of concentrated H2SO4 with 

continuous stirring for 2 hours. The reaction mixture was then transferred as soon as possible to a water- ice bath at 

10ºC with horizontal shaking for 30 min. and then 2.16 gm of AZO (0.008mol) were added. Another 2-3 drops of 

concentrated H2SO4 were added and the reaction mixture was refluxed for 2 hours at 40-50◦C, A light wood color 

shown (see Table-1 and scheme-2). The solution was then poured on a glass mould and left to dry slowly at room 

temperature in a dark place for 2 days. The dried sample was then washed with distilled water to remove the unreacted 

materials and re-dried in an oven at 30ºC for 2 hours and stored in a dry and dark glass box. The experiment was 

repeated with 20%, 30%, 40% and 50%.of poly (ethylene glycol) and azo compound, see Table-1. 

 

Table-1: The percentage of polyethylene reacts with 4, 4-Azodibenzoic acid 

Sample No. PEG 4,4-Azodibenzoic acid Yield Color 

I 10% 2.16 62 Light Wood 

II 20% 4.32 68 Wood 

III 30% 6.48 71 Light orange 

IV 40% 8.64 75 0range 

V 50% 10.80 80 Reddish orange 

 

 

HOOC N=N COOH

N=N c-)m

o

OH

HO-CH2-(CH2-O-CH2-)n-CH2-OH +

- (2n - 1)H2SO4

HO-CH2-(CH2-O-CH2-)n-(CH2-O-C

O

 
Scheme-2: Synthesis of co polymer PEG - CO- 4, 4-Azodibenzoic acid (II). 
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3.2 DSC Analysis   

Thermal behaviors of the modified PEG-AZO and its modified compounds with different percentage were studied 

using differential scanning calorimeter (DSC- 60 Shimadzu) to identify whether the modification leads to produce 

cross linked or/and grafted structures. Each 10 mg sample was weighed into an aluminum crimped pan which gave an

air tight seal and the reference was empty pan. The instrument was calibrated using indium of known melting point 

and heat of fusion, and the scanning rate of 10 ºC /min.  

  

3.3 Solubility  

0.2 gm (M1) of each compound under investigation was dissolved in different solvents (see Table 2) at 25ºC with 

continuous shaking for 12 hours and left to stand overnight. The solution was then filtrated through pre weighed filter 

paper No.41, and then the filter paper was re-weighed after a complete drying. The difference in weight gives the mass 

of the dissolved sample (M2). The degree of solubility (S %) can be calculate from the following relation (Finch, 

1973) :   

S % = M2 / M1 x 100  ……..…… (1) 
 

3.4 Copolymer Swelling 
Swelling of copolymer was carried out in water at 25◦C using film samples with an average mass in the range of 0.17-

0.130gm. The sample mass –to – water volume ratio was 1-30. The samples were removed from water at the 

predetermined time intervals, wiped gently with filter paper and weighed using an analytical balance. The sample 

mass change resulting from the water uptake expressed in percent was calculated according to the formula:   
 

∆m = (mt – m0) / m0 * 100 ………… (2) 
 

Where m0 and mt are the masses of dry and wet samples, respectively. (Katazyna, et al. 2002. & Jatuphorn, et al. 

2007). 
 

4. RESULT & DISCUSSION 
Linear PEG (Mwt=20000) was modified with 4, 4-azodibenzoic acid at different percentage, used the different 

between the original polymer (a) and modified polymer (b). The FT-IR spectra of the PEG alone and of the modified 

polymer were as seen in fig. (1a, 1b) respectively. The FT-IR spectrum fig(1a) shows the characteristic important 

strong peak of the hydroxyl group (OH) at 3400 cm-1, and also the peak of methylene group (CH) of PEG near 2980 

cm-1. There is an absorption maximum at 3412cm-1 for the (OH) group of polyethylene glycol modified. In fig (2a) 

The strong peaks observed at 3324 cm-1 is the characteristic of the hydroxyl group (OH) of PEG, and the peak at 1647 

cm-1 is the characteristic peak of carbonyl group (C=O) of the produced ester. On the other hand, the peak of group 

(N=N) at 1591 cm-1 has been depleted when PEG is in excess. The (C-O) sing stretching band at 1016, 1026 cm-1.   
  

 
Fig-1: FTIR Spectra of copolymers (a), poly ethylene glycol alone, (b). Of co polymer PEG - CO- 4, 4-Azodibenzoic acid 
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Differential scanning colorimetric (DSC) was used to characterization the percent crystalline in the physically cross 

linked samples using a scan of 10◦C / min. Law endothermic peaks were observed for all samples (fig.2). We find that 

melting temperature increases as the azo unit increased (fig.2), we showed the thermal behavior DSC for the different 

percentage of new copolymers were (I=10%)= 54.2◦C, (II=20%) = 68.6◦C, (III=30%) = 81.5◦C, (IV=40%) = 93.3◦C 

and (V=50%) = 120◦C. that is mean is the perfect result when we mixed 50% of polyethylene glycol and 50% of 4,4- 

azo di benzoic acid. While the theoretical heat of 138.6 J/g for 100% crystalline sample of PEG (Peppas, et al. 1982 & 

Wenlong, et al. 2010).  

Fig-2: DSC Curves of new copolymers (I), (II), (III), (IV) and (V) of 10◦C / min. 
 

The dynamic swelling behavior is shown in fig (3), where it can be noted that all of the copolymers rapidly reach their 

equilibrium (in ~ 12 h). It was found that all copolymers obtained in this study swelled in water in room temperature 

at 25◦C. the amount of absorbed water was dependent on the number of ethylene glycol units and the azo units in the 

polymer chain, dependent on the molecular weight of PEG and 4,4-azo di benzoic acid used in the synthesis of 

copolymer. The amount of water absorbed has increased with time, and the maximum degree of swelling decreased 

from (73.4%) for 10% of copolymer of (I), to (65.4%) for copolymer (II), to (48%) for copolymer (III), to (46%) for 

copolymer (IV) and to (45%) for copolymer (V). in addition The molecular weight distribution is an important 

characteristic of PEG because it affects many of its properties including crystallite ability, adhesion, mechanical 

strength, and diffusivity (Christie, et al. 2000 & Yafeng, et al. 2011). 
 

 
Fig-3: Swelling behaviors as a function of time for copolymers (I), (II), (III), (IV), and (V). 

 

The solubility of the synthesis copolymers was tested in different solvent at room temperature with concentrations of 

approximately (1% W/V). It was found that the new copolymers soluble in a parotic polar solvents such as Di methyl 

sluphoxide (DMSO), Di methyl formaldehyde (DMF), Di methyl actamide (DMAC), and less solvent like pyridine, 

xylene, but in soluble in common organic solvents such as alcohol, chloroform, acetone, toluene and benzene (table- 

2).  
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Table-2: Solubility of copolymers in different solvents at 25◦C. 

Sample 

No. 
DMSO DMF DMAC Pyridine Xylene Hexanol Chloroform Acetone Toluene Benzene 

I V.S V.S V.S W N.S N.S N.S N.S N.S N.S 

II V.S V.S V.S W N.S N.S N.S N.S N.S N.S 

III S S S W N.S N.S N.S N.S N.S N.S 

IV S S S W N.S N.S N.S N.S N.S N.S 

V S S S W N.S N.S N.S N.S N.S N.S 

-V.S= very strong when the percentage reached >80%, S= strong when reached 70%, 

W= slightly soluble weak when reached 50% and N.S = not soluble when less than 50%. 

 

The conductivity measurement in ethanol 10-3 M at 25◦C indicates of the copolymer as different percentage was 

electrolyte behavior (Gearg, 1971). It is recorded (I) = 75.6, (II) = 151.8, (III) = 165.3, (IV) = 226 and (V) = 277 in Λm

(S.cm2.mol-1) in ethanol. Organic semiconductors have been the subject of intense scientific investigation for the past 

50 years. Due to often weak bonding between organic molecules in the solid state, they share many of the properties 

of both semiconductors and insulators. Applications of these materials include chemical, physical and biological 

sensors, electric, electronic, and photonic devices (Bohwon, et al. 2004. & Amanda, 2009). 
 

5. CONCLUSIONS 
From the above observation, we can suggest that the existence of PEG molecules on the copolymers modified 

composite membrane, which is the results that the hydroxyl group of PEG modified, is not only physically adsorbed 

on the membrane but also chemically bound by forming covalent bond with polymer molecules on the composite layer 

particles. Therefore, PEG is working as hydrophilic stabilizer in our system. Thermal behavior of the synthesis 

copolymers was studied by DSC, It is showed good thermal resistance and high melting temperature and the melting 

temperature increased as the number of azo units in the chain are in creased. It is possible to swell there polymers with 

water and they would have some degree of wet ability. 
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ABSTRACT 
The effect of silica nanoparticles on the activity of α-amylase is determinations using isothermal titration calorimetry. It was found 

that the immobilized enzyme activity increased as evidenced by the stability parameters recovered from the extended solvation 

theory. The stability indexes of the immobilized α-amylase was less than of the free enzyme, thereby the activity of the enzyme 

was increased as a result of its interaction with silica nanoparticles.  

The present report shows that silica nanoparticles are activator of -amylase, as the complexes of silica+ -amylase are less 

stable than the free enzyme. 
 

Keywords: -amylase, silica nanoparticles, extended solvation model, immobilized, activator 

 
1. INTRODUCTION 
Silica and laponite nanoparticles are used as effectors on α-amylase activity. The results show that, if the nanoparticles 

and enzyme are added simultaneously, laponite enhances the enzyme performance toward starch soil removal, 

whereas silica imposes a small effect on the enzymatic activity towards the same soil substrates. However, when 

nanoparticles are added first, the enzyme activity is not affected much by laponite but is hindered significantly by 

silica nanoparticles. Sequential addition of the enzyme followed by silica nanoparticles improves soil removal. 

Electron microscopic analyses, measurements of the enzyme activity in suspensions of nanoparticles, and particle size 

characterization suggest that dense coverage of soil surface by the silica nanoparticles be likely a mechanism for the 

experimentally observed hindrance of soil removal when silica nanoparticles are added before enzyme1-3. 

The amylase activity was reduced or, in most cases, was abolished in media of pH higher than 7.0. The 

amylase activity requires neutral or slightly acid pH values. Since pHs higher than 8.0 caused the precipitation of 

Mg2+, the loss of amylase activity could be associated also with the absence of this cation in the solution5-6. 

In the present work, the effect of silica nanoparticles on the activity of α-amylase is determinations using 

isothermal titration calorimetry. It was found that the immobilized enzyme activity increased as evidenced by the 

binding parameters recovered from the extended solvation model. 
 

2. EXPERIMENTAL  
-amylase concentration was determined from absorbance measurements at 277 nm in 1 cm quartz cuvette. All other 

materials and reagents were of analytical grade, and solutions were made in 50 mM buffer phosphate (pH=7) using 

double-distilled water. 
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Fig-1: Comparison between the experimental heats (in µJ), q , (), for α-amylase + silica interactions and calculated data (lines) 

via Eq. 1. [SiO2] are concentrations of colloidal silica nanoparticles solutions in μM at pH=7. 
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The isothermal titration calorimetric experiments were carried out on a VP-ITC ultra-sensitive titration calorimeter. 

The microcalorimeter consists of a reference cell and a sample cell of 1.8mL in volume, with both cells insulated by 

an adiabatic shield. All solutions were thoroughly degassed before use by stirring under vacuum. The sample cell was 

loaded with -amylase solution (15.90 M) and the reference cell contained buffer solution. The solution in the cell 

was stirred at 307 rpm. Injections were started after baseline stability had been achieved. The titration of -amylase 

with silica nanoparticles colloidal solution involved 28 consecutive injections of the ligand solution, with 10 μL per 

injection. To correct the thermal effects due to silica nanoparticles dilution, control experiments were done in which 

identical silica nano particles were injected into the buffer solution with the exception of -amylase. In the ITC 

experiments, the heat changes associated with processes occurring at a constant temperature are measured. The 

measurements were performed at a constant temperature of 27.0±0.02 ◦C and the temperature was controlled using a 

Poly-Science water bath. The obtained heats were shown graphically in Figure-1. 
 

3. RESULTS AND DISCUSSION 
We have shown previously that the heats of the macromolecules + ligands interactions in the aqueous solvent systems 

can be reproduced by Eq. 17-10.  
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q is the heat of -amylase+nanosilica interaction at certain ligand concentrations and qmax represents the heat value 

upon saturation of all -amylase. Bx , can be expressed as follows:  

B
px

A
x

B
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B
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 (2) 

x'B is a fraction of bound colloidal silica nanoparticles with -amylase molecule and x'A =1-x'B is the fraction of 

unbound silica. Where xB can be defined as follows: 

max
][

][

silica

silica
B

x   

[silica] is the concentration of colloidal silica nanoparticle after every injection and [silica]max is the maximum 

concentration of the nanoparticle upon saturation of all -amylase. The heats of -amylase+silica interactions, q, 

were fitted to Eq. 1 over the whole silica nanoparticle compositions. In the fitting procedure, p was changed until the 

best agreement between the experimental and calculated data was approached. If the binding of ligand at one site 

increases the affinity for ligand at another site, the macromolecule exhibits positive cooperativity (p>1). Conversely, if 

the binding of ligand at one site lowers the affinity for ligand at another site, exhibits negative cooperativity (p<1). If 

the ligand binds at each site independently, the binding is non-cooperative (p=1). LA and LB are the relative unbound 

and bound ligand contributions to the heats of dilution in the absence of -amylase. LA and LB can be calculated from 

heats of dilution of silica nanoparticles in water (
dilut

q ) as follows: 
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The optimized 
 A and 

 B  values are recovered from the coefficients of the second and third terms of Eq. 1. The 

small relative standard coefficient errors and the high r2values (0.99999) support the method. The binding parameters 

for -amylase+silica interactions recovered from Eq. 1 were listed in Table 1.  

The negative values of 
 A  and 

 B  show that weak interaction of -amylase+nanosilica complex is more 

immobilized than the free enzyme. For silica nanoparticles having higher pore diameter, -amylase seems to be 

immobilized inside the pores and the observed high activity of immobilized -amylase was proved by the negative
 A  and 

 B values. In other words, 
 A  and 

 B  values show that the immobilized enzyme activity is much more than 

that of the free enzyme. Immobilization efficiency of α-amylase revealed that the enzyme activity was increased, as 

evidenced by the negative 
 A  and 

 B  values. 

For a set of identical and independent binding sites (g), it is possible to use Eq. (5) for calculation of Kd and ''g'' in a 

very simple way as follows: 

g
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Where qqq  max . q represents the heat value at a certain ligand and biomolecule concentration. M0 and L0 are 

the concentrations of -amylase and silica nanoparticles, respectively. qmax represents the heat value upon saturation 

of all -amylase molecule. Kd is the dissociation equilibrium constant for -amylase+silica complex 

If q and qmax are calculated per mole of biomacromolecule then the molar enthalpy of binding for each binding site (

H ) will be:  

g

q
H max  

A non-linear least squares computer program has been developed to fit data in Eq. 5. The best correlation coefficient 

)1( 2 R good support for the use of Eq. 5.  

The standard Gibbs free energy, ∆G°, can be calculated from association constant 
1

( = )a
d

K
K

 as follows: 

aRTLnKG  
 (6) 

Where aK  is the association equilibrium constant of -amylase+silica complex. All thermodynamic parameters of 

ligand binding to -amylase are summarized in Table-1. 
 

Table-1: Binding parameters for α-amylase+silica interaction recovered from Eq. 1at pH=7. p=1 indicates that the binding is non-

cooperative in around 136 binding sites. The negative value of 
 A and 

 B show that silica nanoparticles immobilized the α-

amylase structure in the low and high concentration domains, resulting in higher activity of the enzyme. 
p  1.00±0.01 
g  136.56±0.2.33 

1M/ 

aK  
1469.08±6.18 

1kJmol/   0.92±0.06 

1kJmol/ G  -18.19±0.03 

11KkJmol/ S  0.06±0.01 

 A  -7.89±0.04 

 B  -7.93±0.0 

 

4. CONCLUSION 
The thermodynamic parameters for the interaction of nanosilica particles with -amylase (Table-1) indicate that the 

-amylase+silica complex can spontaneously. p=1 indicates that the binding is non-cooperative in around 136 

binding sites. The negative value of 
 A and 

 B show that silica nanoparticles imobilized the α-amylase structure in 

the low and high concentration domains. The obtained results indicate that there are 136 independents and identical 

binding sites for -amylase+silica interactions and the positive value of the molar enthalpy (0.9 kJ mol-1 at 300 K) 

and entropy suggest that the binding process is entropy-driven (Table-1).  
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